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PREFACE
The purpose of the second edition of this textbook is to pro
vide a comprehensive overview of current science and prac
tice in geriatric physical therapy. Although the first edition of
Geriatric Physical Therapy was designed primarily for physi
cal therapist students and professional curricula, the text
also was embraced by graduate physical therapists in post
professional programs and practicing clinicians. Therefore,
the second edition addresses a wider scope of clinical issues
than the first edition to meet the multiple needs of its read
ers in managing the geriatric patient. It is my strong belief
that the current (and future) success of geriatric physical
therapists lies in their ability to ground the practice of geri
atric physical therapy in the foundational sciences and con
cepts and principles of general physical therapist practice.
Similarly, it is hoped that this text assists readers to answer
the question, "How does general physical therapist practice
change when the patient is an older adult?" in order to draw
upon the full extent of their knowledge and experience as
physical therapists with all patients and clients as well as
what is uniquely geriatric physical therapy.
The text is still organized into five parts. Part I concerns
the fundamental process of the art of physical therapy, com
munication, and four fundamental areas of physical therapy
science: clinical epidemiology, physiology, arthrokinesiol
ogy, and neuroscience. Part II contains seven chapters re
lated to assessment. Chapter 6 in this part presents the con
cepts of health status, impairment, functional limitation,
and disability, and explores application of the process of dis
ablement model, as originally articulated by Nagi, to physi
cal therapy. Chapters 7 and 8 detail clinical and formal func
tional assessments of basic and instrumental activities of
daily living in the elderly and review sensory changes of ag
ing and environments that facilitate independence. Cogni
tive loss and depression are two impairments known to in
fluence elderly function, and Chapters 9 and 10 provide
information on these conditions that is essential to physical
therapist examination and evaluation of the geriatric pa
tient. Chapters 11 and 12 promote an understanding of the
medical workup and how medical evaluation and pharma
cological treatment interface with physical therapist exami
nation. evaluation, diagnosis, prognosis. and intervention.

Part III contains 13 chapters covering the clinical practice
of geriatric physical therapy. These chapters present current
research on the scientific basis of specific physical therapy
interventions in key areas: functional training. ventilation
and respiration, endurance training, muscle fatigue and en
durance, posture, balance and falls, ambulation. lower ex
tremity orthotics, lower extremity prosthetics. incontinence,
pain management, wound healing, and patient-related in
struction. These chapters highlight how physical therapy in
terventions with the older adult differ from treatment for
younger individuals and in what instances examination
strategies and intervention procedures and techniques need
to be modified for the geriatric patient or client. Further
more, contributing authors have attempted to draw some
conclusions about what outcomes can realistically be
achieved with an older adult with respect to a particular
problem.
The chapters in Part IV consider the social context of
geriatric physical therapy: reimbursement issues as well as
the ethical and legal issues that surround the daily practice of
geriatric physical therapy. Part V presents programmatic as
pects of physical therapy services for elders who fall into one
of four groups: those who live in nursing homes; those who
live in the community and are generally well; those who con
tinue to engage in athletics; and those with developmental
disabilities. Each of these chapters outlines the characteris
tics of the target population and indicates how physical ther
apy services might be built around those needs.
The goal of geriatric physical therapy is to provide opti
mal clinical care and consultation to the thousands of indi
viduals we see daily. The authors whose work is presented in
this text rose to the challenge of defining geriatric physical
therapy on the basis of the current evidence for practice; yet
intellect alone does not ensure optimal care. The best
thoughts must be translated into the best clinical actions. It
is the hope of all the authors who contributed to this text
that the reader will skillfully employ the principles that have
been learned to perfect the practice of geriatric physical
therapy.

Andrew A. Guccione, PT, PhD, FAPTA
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we shall find that conflicting portrayals of older persons as
active and healthy, or as sick and frail, are not incorrect, but
more appropriately applied to only some segments of an en
tire population subgroup.
Although physical therapists implement interventions in
a plan of care designed for individual patients or clients,
each of us has physical, psychological, and social character
istics by which we can be categorized into groups. Knowing
that individuals with certain characteristics-being a partic
ular age or sex-are more likely to experience a particular
health problem can assist therapists in anticipating some
clinical presentations, placing an individual's progress in
perspective, and even sometimes altering outcomes through
preventive measures. It is also useful to know the prevalence
of a particular condition (i.e., the number of cases of that
condition in a population) and its incidence (the number of
new cases of a condition in a population over a specified
time period), Taken beyond examination of a single person,
physical therapists can use this information to plan and de
velop services to meet the needs of an aging society whose
members span a continuum across health, infirmity, and
death.

OUTLINE

I
I

INTRODUCTION
What are the implications of an increase in the number of
older persons in American society, particularly as it affects
rehabilitation specialists such as physical therapists? On the
one hand, the "graying" of America has been portrayed as a
social problem, one that particularly threatens to strip the
current health care system of its scarce resources. On the
other hand, we are aware of many healthy, active elderly, still
very much engaged in life and, in fact, a resource to their
families and their communities. Is it possible that these two
contrasting representations of America's older persons refer
to the same set of individuals?
The purpose of this chapter is to review the sociodemo
graphic characteristics of the elderly, then relate these factors
to mortality and morbidity in this population. In doing so,

DEMOGRAPHY

Definition ofthe "Elderly"
The first gerontologic question is, How does a particular
segment of a population come to be categorized as "old?"
The chronological criterion that is presently used for iden
tifying the old in America is strictly arbitrary and usually
has been set at 65 years. Yet the onset of some of the health

3
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problems of elders may occur as soon as they enter their
early.50s, and as detailed in Chapter 30, "older" athletes may
be only in their 40s. As the mean age of the population in
creases each decade and more individuals live into their
ninth decades, we can expect that our notion of who is old
will change.
The number of Americans aged 65 and older continues to
grow at an unprecedented rate. In 1996 there were 33.9 mil
lion people aged 65 or older,77 reflecting the major changes
in the population structure of the United States in this cen
tury. Individuals who had reached their 65th birthday ac
counted for only 4% of the total population in 1900. In 1940
they were 6.9% of the population, and by 1950, they were
equal to 8.2%. Although they represented just fewer than
10% of the population in 1970, they currently account for
approximately 13% of the U.S. population. ls Individuals
older than 85 currently represent about 10% of people older
than 65. Although the number of elders aged 85 or older in
1990 accounted for just more than 1% of the population,
their representation within the general populace is likely to
quadruple by 2050.75,77 The number of individuals older
than 100 also continues to increase, even through the actual
proportion of these elders among persons aged 65 and older
(12 in 10,000) is relatively small.??
Two concurrent factors that have affected the increase in
the proportion of aged in our society are a declining
birthrate and a declining death rate. 5? With fewer births
overall and more survivors at older ages, the age structure of
the population changes from a triangular shape, with a
larger number of younger individuals at the base, to a more
rectangular distribution of the population by age, with a
larger number of older individuals at the top. In 1996 the
median age of the United States was 34.6 years (Fig. 1-1).77
Racial and nonwhite ethnic minorities are currently un
derrepresented among the nation's elders relative to the
distribution of these subgroups in the general population.
In the overall population, approximately 17% of the United
States is nonwhite, and almost 75% of these individuals of
all ages are black. 77 Although 87% of American elders were
white, non-Hispanic individuals in 1990, it has been pre
dicted that this proportion may decrease by as much as
20% in the next 50 years. 411 Among the oldest-old (85 years
or older), the population of black elders is growing faster
than that of their white counterparts. 75 Hispanic elders
have the highest overall growth rate of any subgroup, and
the number of Hispanic elders within the total population
is expected to quadruple by 2015. 16 More recent immigra
tions in the 1990s of peoples from Southeast Asia will likely
also result in increased representation of these groups
among the elderly in the future, adding to the small num
ber of American-born Asian elders.46 Overall, the propor
tion of nonwhites among all American aged will grow.
Therefore, the geriatric physical therapist must recognize
that "the elderly" of the future will be more racially and
culturally diverse than those elderly patients whom are
currently served.

-

AGE
More younger
individuals

r - I More older

L--.J individuals

FIG. 1-1 Total population age structure by age group and sex
showing shift in population from having more younger individuals
(triangular shape) to a population having more older individuals
(rectangular shape).

Sex Distribution and Marital Status
Because women usually live longer than men, the problems
of America's elders are largely the problems of women. In
1996, there were just over 2 men for every 3 women older
than 65; this ratio widened to about 1 man for every 3
women among individuals older than 85. 77 Older women
have a significant probability of living longer than their
mates. In contrast to the 46% of women aged 65 years or
older who were widows, only 15% of their male counterparts
had lost their spouses. 77
Loss of a spouse or life partner poses its own set of chal
lenges to the individual. Married women, in particular, may
experience a severe disruption of typical social roles: wife,
homemaker, confidant, and member of a couple. This dis
ruption complicates the search for self-validation through
the recognition, esteem, and affection of another that may
have been present in marriage.

Living Arrangements
Although more than 70% of elders have surviving children,
the proportion of elders living alone increases with age (Fig.
1_2).34 Hispanic elders are less likely than whites or blacks to
live alone.?6.85 Little is yet known about Asian elderly. When
elders need assistance in basic and instrumental activities of
daily living (ADL), spouses and children often provide the
majority of help. Only a small portion of these services is
usually provided by formal care-givers. 34 Decline in func

Chapter 1

IMPLICATIONS OF AN AGING POPULATION FOR REHABILITATION

60

50
40

20

10

FIG. 1-2 Percentage of community elderly living alone, 1984.
(Data from Kovar MG: Aging in the eighties, age 65 and over and
living alone, contacts with family, friends, and neighbors. Prelimi
nary data from the Supplement on Aging to the National Health In
terview Survey: US, January-June 1984. Advance Data From Vital
and Health Statistics, No 116. Hyattsville, Md, Public Health Ser
vice, DHHS No [PHS] 86-1250, 1986.)

tional abilities strongly predicts the likelihood that an elder
living alone will seek other arrangements. 84 The unavailabil
ity of informal social support through family and friends has
been implicated as a factor contributing to nursing home
placement.34
Overall, just fewer than 5% of elders reside in a nursing
home. 34 It has been suggested, however, that for every dis
abled elder in a nursing home there may be as many as three
equally disabled elders who are able to continue living in the
community with strong social support. 34 Furthermore, an
analysis of the proportion of elderly in nursing homes by age
reveals that nursing home utilization increases from 2%
among those 65 to 74 years old to 20% for those 85 years and
01der.34 In general, female nursing home residents outnum
ber males (Fig.I-3,A), and white nursing home residents are
more numerous than nonwhite residents (Fig. 1-3, B). Some
evidence suggests that elders have as great as a 40% chance
of spending at least some time in a nursing home in their
lifetimes. 34 Many of these individuals will have short-term
admissions and return to their premorbid living arrange
ments.
In 1995 elders in nursing homes were predominately fe
male (75%); 75 years and older (82%); white (89%), non
Hispanic (92%); and widowed (62%).9.73 Hing also had pre
viously found that nursing home placement may be affected
by functional dependency, cognitive impairment, marital
status, and previous living arrangements. 30 Although com
parisons made between nursing home usage in 1995, 1985,
and 1973-1974 indicate some growth in minority place

5

ments, black males and females use nursing homes substan
tially less than their white counterparts. 9 This underutiliza
tion pattern with respect to nursing homes may be balanced
by broader utilization of community-based services and the
presence of extensive informal care-giving networks among
ethnic and racial subgroups of elders, even in the face of
possibly greater activity limitations.?6 However, it is not
clear that informal services make up for the care that would
be provided formally in the community.49,s1 Data from the
Asset and Health Dynamics Among the Oldest Old
(AHEAD) study suggest that there may be a number of fac
tors that influence the degree to which such networks are
available to black elders. 56 This informal care-giving net
work may be a critical factor that will allow these elders to
remain in the community in the future, given the likelihood
that black elders will live alone as survivorship among
blacks improves. Geriatric physical therapists may often
need to expand their notion of "family" in their efforts to do
patient-"family" teaching beyond the blood relatives of a
minority elder.

Family Roles and Relationships
Despite many recent changes for younger generations of
women, the degree to which current female elders are still
bound by society to their traditional homemaking roles
should not be underestimated. 51 A disabled male is able to
retire from work, his primary socially ordained role, without
taking on additional responsibility within the home. In con
trast, a disabled woman, regardless of her employment sta
tus outside the home, is still expected to continue to do
homemaking activities such as housekeeping and grocery
shopping, whatever her level of physical function. Women
are therefore more likely than men to report disability with
respect to social roles. 32 The relative unavailability of assis
tance with home chores in comparison with other social
support services may be a subtle discrimination against
older women, although the level of unmet need in this area
is not well-documented. These home services can often be
the essential element in allowing an elder to remain living
independently at home when functional abilities are com
promised. Physical therapists will need to continue working
with other health professionals to advocate for access to a
wide range of services that support the highest level of inde
pendent living for the aged.
Although some anecdotes promote an image ofAmerican
elders as abandoned by their children, ample evidence exists
that elders do have frequent contact with their families. 2 Sev
eral factors that affect the amount of contact between elder
and offspring have been cited. Daughters, particularly those
who are middle-aged, tend to have more contact than sons.
Widowed parents tend to have more contact with their chil
dren than their still-married peers, and unmarried children
may be in contact with their parents more often than mar
ried children are. The simple fact is that the variability of
family contact is very high and cannot easily be generalized,
despite common wisdom about the nature of families, the
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FIG.I-3

influence of ethnicity, and gender-specific roles in caring for
elders.
Elders who do live with family can often find themselves
in multigenerational families, growing old with their chil
dren. 2 Whereas a sick elder is often the recipient of direct

care and emotional support, healthy elders are often a source
of financial and emotional support as welP Spouses are the
most likely individuals to care for their partners in old age
and sickness. When a spouse is unable or unavailable to pro
vide assistance, it is not always easily surmised who will do
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what for an aging parent in need. The actual provision of di
rect care to elders has traditionally been "women's work:' 2.5!
Research has not elucidated the role of men in caring for
elderly parents as investigators have often .assumed the
common wisdom that care-giving falls to daughters and
daughters-in-law, often to the exclusion of men as subjects
in many studies. 2 Fewer children and increases in the num
ber of women entering the work force have decreased the
number of otherwise unemployed women available to take
care of family elders.2 Many of these middle-aged women
find themselves caught with multiple and often competing
obligations to their own children (some of whom may still
be living at home), to their parents, and to themselves. Yet,
research is lacking to substantiate that these "women-in-the
middle" regard this opportunity as a burden and do not de
rive satisfaction from this role. II ,59,64 Recommendations by
physical therapists that increase the tasks of care-giving
among family members (for example, assisting with a home
exercise program) may be perceived as either a burden or as
an opportunity to engage in a productive social role. Many
stereotypes about different racial and ethnic groups exist,
but the data do not support a facile conclusion that one
group is more "predisposed" to offer assistance.! Physical
therapists must evaluate each family situation for its unique
characteristics.
The role of grandparent has also changed, especially for
women.2 Increased longevity increases the amount of one's
life that might be spent being a grandparent. It is not un
usual for an elder to witness a grandchild's movement
through the life course from birth up to the grandchild's
adulthood. Healthy elders still provide substantial financial
and emotional support to their children. Many grandparents
find themselves taking on additional baby-sitting and child
rearing responsibilities, particularly as their daughters re
main employed outside the home. Therefore, an examina
tion and evaluation of an elder's functional abilities in this
social context might need to consider whether a grandparent
has the dexterity to change a diaper, the strength to lift a tod
dler, and the stamina to walk young children home from the
school bus.
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more often in poverty than men; married males and females
are better off than their nonmarried peers; elders living
alone tend to show the highest poverty rate of all; and once
poor, elders are likely to remain poor. 6,7 Furthermore, there
is a substantial disparity in wealth between elders in the top
10% and the bottom 10% of wealth distribution.?!
In 1995, the poverty line for a single person older than 65
was $7,309 per annum and was $10,259 per annum for an el
derly couple. 77 Using this figure, 10.5% of the American
population older than 65 were below the poverty line in
1995. 77 Disaggregating the poverty rate by race demonstrates
additional disparities, with about one quarter of black elders
and one quarter of Hispanic elders living in poverty,?7 These
figures do not adequately portray the economic disadvan
tage of persons aged 65 or older who are between 100% and
200% of the poverty line. These individuals are in particular
economic jeopardy: too "wealthy" to qualify for means
tested assistance and too poor to provide well for themselves.
It is worthwhile to inquire as to why women, even former
working women, are especially prone to poverty in old age.
Three reasons have been suggested. 82 First, women who did
work usually held jobs in occupations and industries domi
nated by women and characterized by high rates of turnover,
lack of unionization and pension coverage, and low wages
and fringe benefits. Second, women have tended to have had
interrupted careers that reduce their overall earnings histo
ries. Therefore, because Social Security benefits are calcu
lated on wage histories, average Social Security benefits for
women are usually lower than those for men. Third, the re
duction in benefits that occurs when a woman is widowed
may hasten her slide into poverty, as a single income may be
insufficient to meet basic needs. Although the market for
physical therapy services will continue to increase with the
growth of the geriatric population, the capacity of this pre
dominantly female group to purchase physical therapy and
other health care services "out of pocket" is likely to be lim
ited. Given their overall economic resources, a substantial
proportion of elderly income goes for medical insurance, de
ductibles, and co-insurance payments. The failure to remove
these financial barriers could ultimately prevent access to
physical therapy, despite the needs of this population.

Economic Status
Regarding the elderly as a single group with similar needs is
a habit that is easy to acquire. The heterogeneity of the el
derly as a group is perhaps best illustrated by considering
how financially well-off economically the elderly are. If we
treat the aged as a homogeneous group, they overall appear
to be doing better economically than expected. This is due to
the entrance of the youngest of the old, who benefit from
private and workers' pension programs, into the ranks of the
aged. Furthermore, the elderly are not generally as bad off as
children, the other population subgroup that is largely de
pendent on society's resources. In comparison with poverty
among children aged 17 years or younger, the elderly have
experienced a relatively steady decline in poverty.6 These
group figures, however, obscure the realities of poverty
among the elderly: poverty increases with age; women are

MORTALITY
Life Expectancy
In addition to a declining birthrate, the other factor that ac
counts for the increasing number of elderly is an increase in
average life expectancy. Life expectancy can be calculated
from two points: at birth and a time closer to death. Taking
the first approach, a child born in 1900 would have been ex
pected to live only 49 years on the average, and only 41 % of
the children born that year would have been expected to
reach age 65. By 1974 the average life expectancy of a child
born that year had grown to 71.9 years, and 74% of that
birth cohort is expected to reach age 65.72 An American male
born in 1995 is expected to live 72.6 years on the average and
a female 6.3 years 10nger. 77
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Advancing age and gender are the two most important
predictors of mortality in the elderly. Male death rates at
every age are consistently higher than those for women. 4,15
On the positive side, there has been a consistent decline in
the mortality rate in the general population and for persons
aged 65 years or older. Older men have experienced a 33%
decline in death rates over the course of the 20th century,
whereas death rates among older women have dropped 45%
in the same time period. However, racial disparities indicate
that black men and women have not experienced declines in
death rates that are similar to those of white elders. IS
Despite recent medical advances in treating geriatric con
ditions, particularly cardiovascular disease, most of the
changes in average life expectancy took place before 1955.n
Since then, only a few years have been added to life ex
pectancy calculations. Furthermore, the major gains in life
expectancy in this century have occurred primarily due to
advances in postnatal and infant care rather than advances
in adult or geriatric health care. n The benefits of improved
infant care, however, have not been distributed evenly
throughout the population with respect to either race or
gender. Male black children born in 1995 are expected to live
7.2 years less than their white counterparts. Although black
females born in 1995 are generally expected to live longer
than white males, these women will fall short of the life ex
pectancy of white females by 4.9 years on the average. 77 Data
on Hispanic and Asian elders have only begun to be rou
tinely collected in national surveys. Initial analyses suggest

that both of these groups of elders have lower death rates
than their white counterparts. IM7
A slightly different picture of racial differences in
longevity emerges if we consider life expectancy after age 65
rather than at birth, even though hypotheses about the life
expectancy and health of minority elders are difficult to con
firm and very dependent on the data source. IS One of the
most intriguing facts to emerge from studies of racial differ
ences in mortality is a phenomenon called "black-white
crossover."83 Simply put, when comparing age-specific death
rates, we find higher rates among young or elderly blacks
compared with whites the same age and lower rates among
very old blacks compared with very old whites (Fig. 1-4).
Thus, if we include very old black elders in our frame of ref
erence, their lower death rate counterbalances the higher
death rate among younger blacks. Combining young blacks
and old black elders into a single group statistically lowers
the overall black mortality rate, even though younger blacks
continue to have greater mortality than whites of the same
age. 31 Crude generalizations of groups data, which underplay
the heterogeneity of the elderly and differences among older
persons across age-groups, can be misleading and should
therefore be avoided.
Factors other than age itself have been hypothesized to
influence death rates among elders. It is not clear, however,
that what holds true for the overall population in general or
for white elders in particular will hold true in studies of mi
nority elders. For example, in their review of the physical
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FIG.1-4 Life expectancy of the elderly in 1984. (Redrawn from Havlik RG, Liu MG, Kovar MG: Health
statistics on older persons, United States, 1986. Vital and Health Statistics Series 3, No 25. Washington, DC,
Public Health Service, DHHS, No [PHS] 87-1409,1987.)
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health of middle-aged and aged blacks, Jackson and Perry
found that there were no statistically significant differences
in death rates between married and nonmarried blacks, de
spite the expectation that there would be such a difference
based on other studies that have shown a direct relationship
between survivorship and marital status. 31 They concluded
that other factors such as income and education may be
more important predictors of the life expectancy of black
Americans. Gibson has proposed that risk factors for ill
health in old age may be distinctly different for blacks than
for whites.!' While the racial disparity in average life ex
pectancy has been persistent throughout this century, a per
centage analysis reveals that minority gains have been sub
stantial. Although fewer black males reached 65 than their
white counterparts in 1977, this represents a 190% increase
from 1900, double the increase documented for white males
in the same time period. White females reaching their 65th
birthday increased 91% from 1900 to 1977. Nonwhite fe
males made an even more remarkable gain of a 230% in
crease in those reaching age 65 in comparison with their
counterparts in 1900.72

Causes ofDeath
The three most common causes of death for all elderly are
coronary heart disease (CHD), cancer, and stroke. 4 •27 CHD
accounts for 31% of all deaths in both men and women
older than 65.4 It is believed that declines in mortality from
CHD in the past 30 years have been due to risk factor reduc
tion earlier in the life span. Almost 20% of deaths in all el
ders are due to cancers.4 Once again, however, it becomes
important to distinguish between data on elders taken as a

single group and data broken down by specific age-groups.
Deaths from cancer rise through middle adulthood and de
cline with old age. Generally speaking, there are fewer deaths
attributable to cancer in the elderly overall due to the pro
longed survival of individuals with cancer to older ages. This
contrasts with death from cardiovascular causes, which con
tinues to increase rapidly with advancing years.Age-specific
cancer death rates, however, show an increase in cancer mor
tality in each successive age-group.27
The death rate from stroke increases exponentially with
age and is higher for men than women at every age. s Stroke
mortality has declined in the United States for most of this
century, most likely due to improvements in the detection
and treatment of hypertension.

MORBIDITY

Active Life Expectancy
While gains in overall life expectancy are important indica
tors of a nation's well-being, active life expectancy, i.e., the
years spent without and with a major infirmity or disabling
condition, may provide more meaningful information for
health professionals. 36 Using data from the Massachusetts
Health Care Panel Study, Katz and colleagues calculated a
score on each individual's overall level of independence in
bathing, dressing, transfers, and eating. 36 They found that
active life expectancy decreased with age, with the largest
decrements for those older than 79 (Fig. 1-5). Elders who
were 65 to 69 years old could anticipate another 10 years of
independent ADL, whereas elders 80 to 84 years old would
likely remain independent for only another 4.7 years. Indi

Female, 85+
•

Male, 85+

Active years

III Dependent years
Female, 80-84
Male, 80-84
Female, 75-79
Male, 75-79
Female, 70-74
Male, 70-74
Female, 65-69
Male, 65-69

o

10

20

Years remaining

FIG. 1-5 Active versus dependent life expectancy in Massachusetts elderly, 1974. (Redrawn from Katz S, et
a1: N Engl J Med 1983: 309:1218-1224.)
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Schematic relationships among disease, disability, and

viduals 85 or older who were independent in these four ADL
were likely to enjoy an active life expectancy of a mere 2.9
years. Although active life expectancy did not differ in this
study between men and women, there were substantial dif
ferences between the poor and nonpoor, especially at
younger ages. Nonpoor elders aged 65 to 69 had 2.4 addi
tional years of active life expectancy than poor elders. This
difference narrowed dramatically to less than 1 year between
poor and nonpoor groups for those 75 years or 01der.36
Fig.1-6 schematically depicts our current view of the life
span. As an individual ages, the likelihood of onset of dis
ease, followed by a period of disability and ultimately death,
increases. Rowe and Kahn have proposed that human aging
be classified into two categories: usual and successfuL66 Tra
ditionally, geriatric research has focused on the pathologic
changes associated with "normal" aging (disease and disabil
ity in Fig. 1-6), while ignoring the elders who do not exhibit
these changes. Thus, "normal" aging has been used erro
neously to mean "usual" aging. Although elders who are
"successful" agers do not escape the eventuality of disease,
disability, and death, they are able to decrease their overall
morbidity and delay the onset of disability. Their success has
been attributed to "intrinsic" factors such as heredity but
also to extrinsic factors such as stress, diet, and exercise.
Harris and Feldman have suggested a third category for
"high-risk" or "accelerated" aging. 29 Their recommendations
for the epidemiological study of aging are also applicable to
health care. 29 Physical therapists can assist the promotion of
successful aging by encouraging modification of some ex
trinsic factors, particularly in teenagers and young adults.
Among usual agers, physical therapists can concentrate on
reducing the disabling effects of disease and stopping a vi
cious cycle of "disease-disability-new incident disease:' The
goal of physical therapy for "accelerated" agers would be to
maintain their current level of function and prevent further
rapid deterioration.
The degree to which disease and disability can be "com
pressed" and postponed until the last years oflife has been a

source of great controversy. Fries had proposed that if the
average age of onset of significant morbidity increased more
rapidly than gains in life expectancy, both the proportion of
one's life spent infirm and the overall length of infirmity
would be shortened. 12• 14
Even though particular individuals might have experi
enced such a compression, the data generally did not sup
port Fries' hypothesis for the entire population of this coun
try's elderly.23 Guralnik and his colleagues compared the
prevalence of disability in 531 elders who had received three
annual examinations to that of the 8821 survivors in the
same cohort. 25 Their findings indicated that decendents in
every age-subgroup group had more disability than sur
vivors. Those dying at the oldest ages had more disability
than those dying at younger ages. Thus, if more elders die at
older ages, they will likely experience even greater functional
deterioration for more years before their deaths than if they
had died at younger ages.
Opposite to proposing a compression of morbidity,
Olshansky and others have argued that there will be an ex
pansion of morbidity as medical technology improves the
likeliliood of survival from previously fatal diseases without
improving overall quality of life for these individuals. 58 Fur
thermore, the older individuals live, the more likely they are
to experience functional decline. Thus, they appear to have
traded death at an earlier age for more years spent with one
of the nonfatal diseases of aging and its associated disability
before death.

Prevalent Chronic Conditions
The proportion of elderly at any age without any chronic
conditions is small.24 More than one half of male elders older
than 80 years and 70% of female elders of similar age have
two or more chronic conditions. In 1991, arthritis was the
most prevalent self-reported condition of the elderly, fol
lowed by high blood pressure, diabetes, hearing impair
ments, and heart disease. 5o Chronic conditions are not ran
domly dispersed throughout the population. Kingston and
Smith analyzed data on 9744 men and women in the 1992
Health and Retirement Survey and found that blacks re
ported higher rates of hypertension, diabetes, and arthritis
than white survey participants.40 Hispanic participants re
ported higher rates of hypertension and diabetes but less
heart disease.

Functional Limitations
In 1985 the total number of disabled elderly living in the
community with any degree of chronic limitations in any
basic or instrumental ADL was 5.5 million persons.44 Limi
tations in functional activities increase with age. Elders in
the 65- to 74-year-old group are thought to be healthier and
generally better off than their counterparts aged 75 years or
older, who are often termed the "frail elderly."
In 1984, data were gathered on 11,497 elders through the
Supplement on Aging to the National Health Interview Sur
vey.s More than three fourths of all these elders experienced
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no difficulty in self-care activities or walking. Age, however,
did have a substantial effect on disability. Whereas 85% of el
ders between the ages of 65 and 69 experienced no difficulty
in self-care activities or walking, only 66% of elders between
80 and 84 and 51% of elders older than 85 could report sim
ilar levels of well-being. While only 5.7% of elders aged 75 to
79 reported difficulty with four or more self-care activities,
this figure almost doubled in the 80- to 84-year-old group
and more than tripled in those 85 years or older. Preliminary
data from the National Institute on Aging Established Popu
lations for Epidemiologic Studies of the Elderly (EPESE)
corroborated this finding that physical disability is most
prevalent in the 0Idest-old. 5 The EPESE data also indicate
that physical disability is more prevalent for elderly women
than for men at every age.
It should be noted that while there is substantial evidence
that function declines with age, there is also some evidence
that some elders are able to maintain a high level of func
tion. In a longitudinal study of physical ability of the oldest
old based on data from the Longitudinal Study on Aging,
Harris and associates found that one third of elders older
than 80 reported no difficulty in walking one-quarter mile;
lifting 10 pounds; climbing 10 steps without resting; or
stooping, crouching, and kneeling. 28
As in the general population, it is generally agreed that
physical disability overall increases with age among blacks.31
The linearity of this increase has been challenged, as there is
mounting evidence that younger blacks, that is, those 74
years old or younger, are more physically disabled than those
aged 75 to 79, and that those aged 80 to 84 are more disabled
than those 85 and 01der.19

Disease and Disability
Several studies have implicated cardiovascular diseases as a
cause of disability in the elderly. We know from the Fram
ingham studies, for example, that angina pectoris is related
to disability in men and women. Furthermore, long-term
and current hypertension, being overweight, and diabetes
are associated with disability in women, but long-term hy
pertension is related to disability in men.61 .62 The demon
stration of a relationship between angina and disability in
women has been replicated in other studies as well. 55
The Framingham Heart Study has also provided some in
sight into the relationships among stroke, mortality, and dis
ability. Kelly-Hayes and colleagues reported on all incident
strokes over a lO-year period in 3920 elders who were free of
stroke at the start of the study in 1971,38 Only 154 patients
out of 213 incident cases of stroke survived more than 30
days. Of those who survived more than 30 days, 42 were liv
ing in institutions 1 year later. Factors predicting institution
alization were different in women than in men. Age, severity,
and education were associated with institutionalization in
women, whereas not being married was the only variable in
men that predicted institutionalization after a stroke. These
findings have been corroborated in a study of 1274 stroke
cases in Australia. In addition to severity and side of paraly
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sis, Shah and colleagues found that age, sex, marital status,
and ethnicity were associated with the outcome of rehabili
tation. 69
Kelly-Hayes replicated her previous finding of the high
mortality rate of stroke in another analysis of new cases of
stroke in a 4Yz-year period in the early 1980s.39 Only 67 indi
viduals out of 119 subjects who sustained a stroke were alive
1 year later. It is still unclear as to how long one can expect
functional recovery after a stroke. Do patients reach a
plateau of optimal function within 3 to 6 months of their
stroke, or do they continue to make slow, progressive gains?
Tangeman and associates found improvement in weight
shifting, balance, and ADL in 40 individuals who were at
least 1 year poststroke following an intensive rehabilitation
program. 74 These subjects also demonstrated their new abil
ities at follow-up 3 months later. Although baseline mea
sures were collected 1 month before the start of the study,
these investigators were unable to determine whether the
improvement demonstrated after intensive therapy repre
sented a return to a previous plateau of optimal function or
in fact demonstrated additional recovery. They could also
not determine whether additional rehabilitation would ben
efit more severely impaired elders. All subjects could walk
independently within the home when they entered the study.
This research, however, does indicate that a short trial of
therapy may be beneficial to some patients whose functional
level has begun to fall or who may not have achieved their
optimal functional level during rehabilitation immediately
after their strokes.
Hip fractures in the elderly represent an enormous threat
to well-being. Depending on the study, the mortality rate of
hip fracture patients may be as high as 25%. Wolinsky and
colleagues found that hip fracture almost doubled the risk of
death in the first 6 months after fracture and was strongly as
sociated with subsequent hospitalizations and a loss of func
tion. B4 Estimates of recovery after a fracture have suggested
that anywhere from 25% to 75% of these individuals will not
achieve their premorbid level of functionY A study of 526
hip fracture patients over a 2-year period found that most
recovery of the ability to walk and perform ADL occurred
within 6 months. Poor recovery was associated with older
age, prefracture dependency, longer hospital stay, dementia,
postsurgical delirium in patients without dementia, and lack
of contact with a social support network. It has also been
shown that depression negatively affects outcomes in these
patients53 and that low levels of ambulatory ability will, in
turn, engender depression in the months after hip fracture. 54
Not all diseases affect function globally, as might be ex
pected based on our understanding of the impacts of stroke
or hip fracture. Some conditions have effects that are limited
to activities that use the afflicted body part. For example,
Satariano found that breast cancer, the most prevalent can
cer of older women, limited activities that required upper
body strength but did not affect other activities. 68 Similarly,
in a study of knee osteoarthritis, a commonly afflicted joint
in a highly prevalent disease, Guccione and co-workers
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found that limitations in only those activities that used the
lower extremity were more likely among elders with this
condition than elders without it.20
Few studies have attempted to establish the relationship
between disease and disability in nursing home residents.
Guccione and colleagues reported the functional status of
126 nursing home residents, of whom 51 had either rheuma
toid arthritis or osteoarthritis.21 Controlling for age, resi
dents with arthritis had more pain and were more likely to
require assistance dressing, bringing a glass to the mouth,
turning a faucet, getting in and out of bed, bending down,
and walking. They were also more likely to use a wheelchair
daily than other residents without arthritis.

of co-existent disease on function. Elders vary a great deal in
the degree to which their chronic comorbidity affects their
functional capacities. Based on analyses of data from the
1984 Supplement on Aging, Verbrugge and co-workers con
cluded that relative to other diseases the most prevalent con
ditions do not appear to have the highest risks of physical
disability in the elderly.J8 This conclusion should not be
taken out of the context of its research aim to rank the rela
tive impact of diseases on function. The impacts of prevalent
conditions on function in the elderly are still considerable,
even if somewhat less than rarer conditions, regardless of the
rank order of their impacts. Guccione and colleagues ana
lyzed the independent association of 10 different medical co
morbidities with disability among 1769 community-based
elders in the Framingham Heart Study cohort. 22 They found
that disability in seven functional activities was most associ
ated with stroke, hip fracture, and depression-three of the
least prevalent conditions, even after controlling for age,
gender, and the presence of any other medical conditions.
The likelihood of disability associated with knee osteoarthri
tis and heart disease, the two most prevalent conditions, was
substantial, even though these relationships were not as
strong or consistent across all the functional activities as the
less prevalent conditions. The combination of their preva
lence and the magnitude of risk for disability that these two
conditions pose for elders accounts for a larger percentage of
disability in community-based elders than is attributable to
more disabling, but less prevalent, diseases. Furthermore,
even in stroke, which has a broad impact on function, dis

Comorbidity and Function
Guralnik and colleagues have provided ample evidence that
an increase in the number of activities with which an elder
has difficulty increases linearly with comorbidity, that is, co
existent medical conditions (Fig. 1_7).24 Thus, it is not un
usual for physical therapists to find that the most disabled
patients are also likely to have a number of medical condi
tions that complicate not only understanding of the genesis
of functional deficit but treatment as well. For example, the
individual with a stroke, who also has degenerative changes
in the foot and low tolerance for stressful activity secondary
to angina with exertion, can present a particular challenge to
the geriatric physical therapist's knowledge and skill.
Although there is an emerging body of knowledge on the
effects of disease on function, less is known about the effects
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ease-related disability may be attributable to different condi
tions in men and women. 33 Strategies to prevent diseases in
younger adults and efforts to retard the effects of disease on
function should ultimately alter the trajectory of disability in
the elderly in a positive direction. 44

Psychosocial Factors and Function
Physical therapists must also not forget that factors other
than disease can modify disability in the elderly. Mor and
colleagues found in a study of 1737 elders aged 70 to 74 years
old that those who did not report exercising regularly or
walking 1 mile were 1% times as likely to decline function
ally over 2 years; this is especially relevant to physical thera
pists. 52 Other research provides clues for other interventions
involving life-style modifications before old age. In an analy
sis of data from the Alameda County Study, Kaplan found
income, smoking, social isolation, and depression associated
with trouble climbing stairs and getting outdoors in elders
with incident of heart trouble, stroke, diabetes, or arthritis. 35
'Using the same cohort, Guralnik and Kaplan compared the
function of elders in the top 20% of functioning with that of
the remainder elders at follow-up 19 years later. 26 They
found several longitudinal predictors of good function: not
being black; higher family income; absence of hypertension,
arthritis, and back pain; being a nonsmoker; having normal
weight; and consuming moderate amounts of alcohoL Al
though being male predicted higher levels of functioning in
men, being female did not predict higher levels of function
ing in women. This last finding highlights an important sta
tistical problem in geriatric research: any population-based
sample of elders is likely to contain more women, who, by
virtue of living longer, are also more likely to be disabled.
Thus, without controlling statistically for age and gender,
any positive effect on functional outcome that might accrue
to women at younger ages may be obscured.
Education is also linked to health and function. Manton
and co-workers, using data from the 1982, 1984, and 1989
Long Term Care Surveys, found that increased mortality and
decreased functional ability were strongly associated with
fewer than eight years of schooling in both men and women.45
In addition to finding that education was associated with
functional level, Berkman and Gurland noted that income was
also independently associated with functional limitations,
even after controlling for a number of other variables. 3
One of the most intriguing issues in minority health care
is the effects of race on the health status of elders compared
with the effects of income. 6o ,79 Wallace has suggested that
race had effects on the health care of the black elderly living
in St. Louis that were independent of income. so Satariano, on
the other hand, could not find an independent effect for race
in a sample of 906 black and white elders living in an eco
nomically depressed area of Alameda County.67 When Keil
and colleagues analyzed data on the elders in the Charleston
Heart Study cohort, which included 71 high socioeconomic
status (SES) black males, they found that black females had
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the highest rate of disability (55.8%), followed by white fe
males, black men, and white males. 37 The high SES group of
black males had the lowest prevalence of disability. Although
further research is necessary to untangle the contributions of
race and income to functional well-being in the elderly, it is
important to consider the potential impact of these factors
on the outcomes of rehabilitation, whether it be for the pur
poses of research or for clinical practice.
Factors that contribute to good function in the elderly
may also differ between men and women. Using data from
the Framingham Heart Study, Pinsky and co-workers found
that age, alcohol use, smoking, ventricular rate, and educa
tion were all significantly related to function 21 years later in
men but that only education predicted functional well-being
in women. 63 Thus, in analyzing what factors may predispose
an elder to functional decline, physical therapists should re
member that what is generally known about the elderly may
not apply equally to men and women.

Utilization ofServices
Functional deficits are important markers for death, further
functional decline, and increased utilization of services. In a
2-year follow-up study of 1791 white elders aged 80 or older,
Harris and colleagues found that those who had received
help with any ADL were four times more likely to have
died. 28 Among those elders who survived, elders with func
tionallimitations in any ADL were six times as likely to have
used a nursing home in the intervening 2 years and two
times as likely to have been hospitalized at least twice or to
have had six or more physician visits in tlIe year before fol
low-up. Data from tlIe Medical Expenditure Panel Survey in
dicate that more than 80% of nursing home residents in
1996 needed assistance witlI three or more ADL.41
AltlIough it was estimated tlIat in 1987,5.6 million non
institutionalized elders had difficulty in walking or witlI at
least one basic or instrumental ADL, many (3.6 million) re
ceived no formal services.7° Almost 20% of these services
were for professional or homemaking services provided in
the home, except meals delivered to the home (Fig. 1-8).
Adult day care accounted for less than 1%. When an elder re
ceived care at home, it was typically provided by a home
maker (Fig. 1-9). Functional limitations are strongly associ
ated with the use of formal services. Elderly persons with
three or more limitations in ADL are more likely to use
home-based services rather than community-based services.
Rehabilitation specialists are quick to assume that merely
offering their services to elders living in the community will
delay functional decline and reduce the threat of institution
alization. Unfortunately, little evidence exists to support this
assumption. Liang and co-workers provided intensive mul
tidisciplinary care, including physical therapy, to frail elders
living in tlIe community and were unable to alter tlIe long
range course of their physical decline.42 This finding speaks
to the multiplicity of factors that affect the disablement of
older persons.
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Homemaker

Home health aide

vanced age. Function deficits are the expected outcomes of
disease; in turn, functional limitations predict increased uti
lization of services, further morbidity, and death. Future re
search must establish the ability of physical therapy to delay
the onset of disease and disability and to prolong optimal
function into old age.
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OUTLINE

Professional communication is a learned skill that pro
motes the establishment of a professional "helping" relation
ship. These relationships remain within the scope of our
physical therapy skills, are directed toward the goals and in
dependence of the client, and focus only on the client. Our
professional communication is a tool consciously imple
mented to facilitate our physical therapy therapeutic inter
ventions.
The purpose of this chapter is to highlight significant
components of communication with the elderly, to address
the parameters of one's professional role in relation to the el
derly, and to identify the issues that commonly affect the
quality of life of the elderly.

COMMUNICATION
Communication is commonly defined as the transmission of
information or messages between individuals. 19 Communi
cation is a learned, culturally based skil1. 4 It is a complex
process, conveyed in written, oral, and nonverbal forms. An
effective communicator adapts the content of the message
and the style of transmission of the message to the needs of
the receiver.19 For example, "That's HOT!"-a simple warn
ing about a hot stove-would be communicated quite dif
ferently to a young child, to an adult, to a person with a hear
ing impairment, or to a person not fluent in the English
language.
Similarly, effective communication with the elderly re
quires adaptation to the common physiological, psychologi
cal, and social changes that result from the aging process.
These changes, when unrecognized in an elderly individual,
are common barriers to effective communication. These
changes present another barrier when they are incorrectly
generalized to exist in all elderly persons. It must be remem
bered that the aging process produces a slowly progressing,
yet individually unique, set of variations in physiological,
psychological, and social functioningY Thus, effective com

INTRODUCTION
What we believe about human nature, perceive as valuable in
our world, and identify as "quality of life" drive our deci
sions, our behavior, and our communication. Our personal
and professional values guide and direct our behavior and
choices based on what we perceive to be "most important"
within a situation of conflicting demands. Health care pro
fessionals share some common professional values. These
professional values must limit and define the parameters of
our professional relationships and roles with clients and col
leagues. As health care professionals, our role is to do no
harm; to develop a trusting relationship based on honesty
and truthfulness; to promote independence; to display an
"unconditional positive regard"; and to promote a belief in
each individual as unique, able, and capable of change.
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munication with an elderly individual considers the effects of
the aging process on that individual and adapts accordingly.

Effects ofPhysiological Changes ofAging on
Communication
Hearing
Hearing loss is the third most prevalent chronic condition
affecting noninstitutionalized elders after arthritis and hy
pertensive disease. 22
Presbycusis, the form of hearing loss due to age-related
physiological changes of the inner ear, is one of the most
widespread sensory deficits associated with aging. 26,30,31.35,36,49
The physiological changes in the inner ear may cause loss of
high-frequency sounds and loss of sound localization; im
pairment of speech discrimination, especially for specific
sounds of the alphabet (s, sh, ch, f, g, t, z); and distortion of
received messages.
Auditory impairment is often gradual, with even mild to
moderate hearing losses, resulting in significant communi
cation and social dysfunction. 1 Auditory impairments are
usually more severe in men than in women. 60 Elders with in
ner ear hearing loss have difficulty modulating the volume of
their voice, may appear to be "not listening;' may show con
fusion or puzzlement when being addressed, may respond
slowly with repeated questions of "What?", and may com
plain of not "understanding." These behaviors common with
inner ear hearing loss must be differentially diagnosed from
dementia, depression, or impaired cognitive function.

• Move closer to the listener for increased ease of hearing and
seeing.
• Face the listener with nonglaring light on the speaker's face.
• Signal before speaking to gain the listener's attention.
• Ask the listener what you can do to assist his/her hearing better.
• Assist in adjusting eyeglasses or hearing aids.
Request permission to decrease background noise and music.
• Speak at eye level, facing the listener.
• Do not obscure your mouth or face because lipreading assists
comprehension.
• Speak at a normal to slightly louder volume but not shouting.
• Speak at a normal to slightly slower rate, and articulate dearly.
• Watch the movement of the listener's head, which may indicate
an ear with better hearing.
Be concise because listening requires great concentration.
Identify the topic of conversation and avoid sudden changes.
Stress key words by increasing their duration.
'
Pause after key words.
Give the listener time to respond.
• Ask the listener to repeat information to ensure comprehension.
• Never use "baby talk."
• Use gestures to supplement speech.
Rephrase rather than repeat missed statements.
• Use a notepad for messages as needed.
• Choose a voice pitch and sound frequencies within the individ
ual's hearing range whenever possible.

Outer or middle ear hearing loss, commonly known as

conductive hearing loss, is not limited to high-frequency
sounds. Unlike the sensorineural hearing losses of the inner
ear, conductive hearing loss may be corrected by increasing
the volume of transmissions with a hearing aid. Hearing loss
can have a devastating effect on an older adult's ability to
communicate. Practitioners can learn to improve communi
cation with the hearing impaired. Box 2-1 details common
strategies that facilitate communication with the hearing
impaired. 9 ,26.3o.35,36,6t,62
Sight
Visual deficits affect receptive communication in the elder,
especially when the visual deficit is only one of many sen
sory changes restricting communication. Low vision inter
rupts communication and social interaction for the elder
who can no longer perceive nonverbal cues. All structures
of the eye develop age-related changes to varying de
grees,7,30,31 These changes affect the ability to see in low
light or to adapt to darkness or changes in light. Elders
may also have difficulty in judging distances, seeing ob
jects that are too dose or located in peripheral fields of vi
sion, or accommodating between dose and distant ob
jects. Colors, especially blue and green, may be poorly
differentiated. Highly reflective surfaces will also challenge
an elder. The maintenance of autonomy and the optimiz
ing of visual reception are the key elements to effective
communication with a vision-impaired individual. Box
2-2 suggests strategies for effective communication with a
vision-impaired elder.34
Speech
Decreased respiratory efficiency and laryngeal function with
aging results in a lower-pitched voice, a lower volume, and a
shortened controlled expiration rate with speech production.

• Avoid startling an elder. Approach slowly and use verbal greet
ings and touch.
• Avoid positioning an elder in glaring light, and adjust levels of
light to accommodate the elder's vision. This may be up to three
times more light than a younger adult may require.
• Check the condition of eyeglasses, Request that the older adult
use his/her eyeglasses while conversing with you.
• Position what needs attention in the center of the older adult's
visual field.
• Provide large-print materials with high-Contrast colors; for ex
ample, black print on yellow with 12-14 point type.
• Use tactile stimulation for cueing.
• Avoid moving personal belongings, and discuss any changes in
placement of furniture or belongings.
• Wait for the elder's vision to adapt to changes in light.
• Reduce glare on surfaces including floors, bedside tables, and
bathroom sinks.
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These effects of aging may result in a softer, lower voice with
breathiness, hoarseness, or vocal tremor. Sentences may
shorten to accommodate a reduced, controlled expiration
rate. 25 Communication with an elder with age-related speech
changes is facilitated by a quiet environment, which permits
the therapist and the patient to listen attentively. It is often
helpful if the therapist watches the elder's lips and asks for
clarification or repetition if the elder is not understood.
An increase in time between a stimulus and a response, or
reaction time, is a manifestation of the gradual slowing of
performance that is a normal physiological process. In
creased reaction time is a phenomenon that begins early in
life and becomes prominent only with age. Clinically, an in
crease in reaction time will contribute to a decrease in mem
ory, especially recent memory; a decrease in the speed of
processing information; a decrease in vocabulary; and a de
crease in the rate of speech.50 Promoting self-pacing and ac
commodating your rate of communication to match the el
der's reaction time will significantly increase learning. 7

cates that communication between the practitioner and the
client is improved when (1) the practitioner shows a warm,
supportive interpersonal style and provides information; (2)
the client is given the opportunity to explain his/her con
cerns and is an active participant in the decision making;
and (3) the interaction is client-centered and addresses the
client's needs. 20
A variety of facilitative techniques exist that promote the
effective treatment and overall well-being of one's patient or
client when used appropriately. Several approaches to assist
health professionals in developing the attitudes and inter
personal skills of an effective communicator have been de
veloped. 17,19,33,43 All these strategies are founded on several
commonly held professional values. Respect for the individ
ual, the promotion of the patient's autonomy, and the nur
turance of a trusting relationship are the guiding principles
of all professional relationships. The strategies for improving
communication with elders listed in Box 2-3 translate these
principles into common actions. 8,40,51,58

Facial Expression
Facial expression is another normal age-related change that
may affect expressive communication. Campbell and Lan
caster note that sagging cheeks or jowls, which gives a resting
appearance of "anger" or "crabbiness" to many elderly men
and women, is actually the result of significant loss of fat in
the muscle fibers of the face. 7 The assumption of mood or
frame of mind from the resting facial expression of an elder
could be misleading and impede effective communication.

Facilitation ofCommunication and Socialization

Sleep Patterns
Age-related changes in sleep patterns begin in the fourth
decade. Variability of sleep patterns is evident with an in
crease in the amount of time spent sleeping, a change in the
stages of sleep, and an increase in the number of nighttime
awakenings. 31 By the sixth decade, deep (stage 4) sleep is al
most gone. With advancing age there is a gradual increase in
the total amount of sleep time, in napping, in the amount of
nap time, and in wake episodes after sleep onset. 6 After the
age of 85 years, going to sleep often takes longer. An elder's
mental acuity and overall ability to function are affected by
problems of sleeplessness or changes in sleep patterns.
Therefore, attention to sleep patterns may help a practi
tioner understand a patient's affect, communication style,
and response to treatment. 32

Strategies for Effective Communication
Communication is an essential component of the role of a
health care professional. Effective interpersonal skills are
learned skills that focus on the patient, promote trust and
confidence, allow the expression of feelings and concerns, ef
ficiently collect information, and effectively impart impor
tant information.
Research has shown that effective communication strate
gies improve patient outcomes as measured by patient satis
faction and compliance. Research on patient satisfaction, in
general, and on older adults' satisfaction in particular, indi

Basic communication and interpersonal skills for the "help
ing professional" are outside the scope of this text. All health
care providers should recognize the use of facilitatory com
munication skills and the establishment of a professional

&lxa-3
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• Do not stereotype. Do not assume a level of decreased mental
function or confusion. Posture, gesture, and facial expressions
can be deceiving.
• Be aware of, and adapt to, any age-related physical limitations
that an elder may possess. Consider the sensory deficits in sight,
hearing, speech, and reaction time, which may be barriers to
communication.
• Secure the elder's attention by eye contact or a gentle touch.
• Identify yourself when greeting an elder. Request information
from each elder on how best to communicate, e.g., "Should I
speak louder?" or "Would you like your glasses?"
• Ask each individual what form of address is preferred. Do not
use generic or pet names such as "Grampa" or "Marna:' Each in
dividual has a unique identity.
• Request permission to adjust the volume of the television or ra
dio or to change the amount or angle of light.
• Maintain eye contact.
• Use topic cues. Identify the topic at the beginning of the conver
sation.
• Listen patiently to the older adult. Rephrase or repeat what was
said, and encourage the older adult to elaborate.
• Watch facial expression and other nonverbal cues.
• Do not pretend to understand an elder's response. Request con
firmation or clarification of a message you do not understand.
• Avoid speaking to elders as if they were children. Do not use a
singsong voice or baby talk or give orders.
• Do not ignore individuals or talk about them in the presence of
others as if they were not there.
• Respect an elder's routines and control of his life. Schedule and
keep appointments at mutually agreed -on times.
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"helping" relationship as essential vehicles to their provision
of care. The essence of our professional interventions and ef
fectiveness is our ability to respond to a human being as a
unique, worthwhile individual. The use of touch, reminis
cence, humor, and pets serve as effective stimuli to interac
tion and socialization with the elderly.
Touch
Touch has a significant effect in reinforcing our interactions
with the elderly. Studies show touch to be a positive motiva
tor that engenders a sense of trust, shows caring, and gener
ally increases the duration of verbal responses from an
elder. 23,24,59
Reminiscence
Reminiscence is a useful communication approach that pro
vides validation of the individual's place in the community,
increases self-esteem, and assists in the resolution of losses.
Reminiscence is a normal coping skill that begins in middle
childhood. Reminiscence is defined as "the act or habit of
thinking about or relating past experiences, especially those
considered personally most significant:'38 Studies on remi
niscence report an increase in communication, life satisfac
tion, and positive self-image.3,42 The use of pictures; music;
or topics such as "the Great Depression;' FDR, hometowns,
or favorite pastimes are examples that promote the expres
sion of feelings and a sense of self-worthY
Humor
Humor has numerous positive physiological and psychologi
cal effects on the body, Laughter "stimulates the production of
catecholamines and hormones which enhance feelings of well
being as well as pain tolerance. It decreases anxiety, increases
the flow of endorphins, cardiac and respiratory rates, en
hances metabolism and improves muscle tone."55 Humor and
laughter are very effective forms of communication that build
trust, defuse anger or frustration, and promote shared experi
ence. Humor is infectious and, similar to other types of com
munication, can be learned. The use of humor between a ther
apist and a patient requires three conditions: (1) a relationship
that allows for the introduction of playfulness without misin
terpretation; (2) a social environment that allows for playful
ness without disrupting the serious business; and (3) a joker
who provides clues to set the mood and takes the risk that the
message will be ignored. 49,55 It must be remembered that
healthy humor is not abusive or diminishing. Instead, healthy
humor promotes understanding through positive shared
experience, is life-affirming, and is stress-reducing.4 7.48
Pets
Communication can also be fostered by nonhuman means.
Pets can playa significant role in combating loneliness and
decreasing isolation by increasing verbalization and social
ization among the elderly. Pets have been found to be natural
"icebreakers;' facilitating social interaction. The physical act
of petting promotes a mutual relaxation, a therapeutic "car
ing for a living thing."14 A pet is a companion, a "significant

other;' that provides structure to daily activities, gives and
requires attention, and usually instigates a greater degree of
physical exercise.

VALUES
Autonomy
Elders are people first and thus are entitled to be treated with
respect and dignity and without bias. It is imperative that
health care professionals respect and address the individual
ity of each elder they encounter, regardless of the circum
stances in which they encounter them. It is not immediately
important whether an older adult is living alone or is a resi
dent of a nursing home; whether the person has multiple
chronic illnesses or none; or whether the individual is cogni
tively alert or exhibits signs of dementia. A basic tenet of the
geriatric physical therapist is that respect for the "person" is
the paramount principle underlying all interactions.
The concept of respect implies preserving choice on the
part of the older adult-freedom to actively participate in
decision making, to the extent that he/she is capable, and to
choose what is or what is not done to him/her, irrespective
of chronological age. 5The ability of older adults to retain this
decision-making power and their enforceable right to make
those decisions have been the impetus over the years for en
acting legislation on informed consent and protection of pa
tients' rights. When these legal requirements are enforced,
the older adult is in control of the decision rather than sub
ject to the imposition of decisions from external sources.
Societal and cultural beliefs, however, can significantly di
lute the autonomy that is the right of the older adult. It is es
sential to explore how these influences, whether subtle or
overt, affect therapeutic outcomes. For the geriatric physical
therapist, it is not enough to be just aware of such factors.
Rather, it is necessary that conscious attention be paid to
these influences so that, whether patient or client, the older
adult can be valued as a contributor to the health care team.

Ageism
Although awareness of the dangers of stereotyping elders is
increasing, most would agree that conscious efforts to edu
cate against negative generalizations need to continue since
many older adults continue to be stigmatized. Unfortunately,
we continue to live in an ageist society. Ageism has been vari
ously described as the discriminatory treatment of the el
derly, or a personal revulsion to growing 0Ider. 2,43 It fosters
the development of erroneous assumptions about the capa
bilities, intelligence, and physical skills of the older adult,
based purely on deep-seated beliefs about aging. It supports
judgments about a person on the basis of chronological age
and negates the concept of an individual approach to patient
care by encouraging premature decisions regarding the older
adult's status and potential. More important, in an era where
collaboration between the health care provider and the client
is being espoused, ageism effectively eliminates the older
adult as the primary decision maker and significantly reduces
the value of his/her contribution on any level.
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One example of ageism can readily be seen in the words
and language used when referring to older adults. 2 For ex
ample, the term "old people" connotes a more negative im
age than the word elders. In many cultures as well as in vari
0us religions, older adults are accorded positions of respect
and authority. The council of elders in various churches is a
positive image, implying a knowledgeable, decision-making
group. And, in many native American cultures, elders are
viewed in much the same way, commanding the respect of
the tribe and dispensing wisdom collected through the years.
Yet the uses of many demeaning and derogatory terms, such
as "old biddy," "fogey," and "geezer;' continue to flourish in
our culture. If we accept the principle that the language we
use is reflective of what we are thinking and that what we
think is shaped by our values and beliefs, then the use of
negative terminology when referring to the older adult pop
ulation is more than a simple choice of words. 2 Rather, it is
the verbalization of deeply held negative values and beliefs.
Ageist language is common and is continually reinforced by
the mass media. Over time, a term that was once offensive
becomes less so, sometimes to the extent that it may become
acceptable. The danger is that use, and eventual acceptance,
of ageist language may contribute to maintaining the very
stereotypes to be dispelled. 2 Although health care practition
ers may consciously state that they do not subscribe to an
ageist philosophy, they may in fact undermine their good in
tentions through the use of language with negative connota
tions of aging.
Older adults, themselves, can be guilty of ageism, condi
tioned through experience or observation of societal trends
and behavior to expect, and then accept the words attrib
uted to them as they age. Unfortunately, as Rodin and
Langer have shown, continued labeling decreases feelings of
self-worth and brings about negative changes in behavior
and decrements in perceived control. 49 Real losses occur all
around older adults by virtue of their life stage, e.g., loss of
spouse; loss of friends; loss of home, and in some cases,
even loss of children. These changes are adjustments in life
that older adults can expect to occur as their chronological
age increases. In general, adaptation to these life changes
does not imply concomitant loss of control over decision
making. However, older adults may be so conditioned to ex
pect a loss of control as they age because of societal influ
ences such as ageism that they unnecessarily and voluntar
ily give up additional control over their lives, self-imposing
further loss. According to Ryden, loss of control over deci
sion making can significantly affect an older adult's quality
of life. 51 One way then to combat the possible effects of
ageism in our society is to foster, in all cases, an elder's con
trol of decision making, thereby improving the individual's
quality of life.

Perceived Control vs. HelplessnesslHopelessness
Who controls the decision making for an older adult is espe
cially pertinent to qUality-of-life issues among our aging
population. Perceived control of decision making is actually
a very strong contributor to the level of morale of older
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adults, and morale factors strongly into the overall equation
of quality of life. 51 Conversely, loss of control and feelings of
helplessness can lead to lack of motivation and withdrawal.
Logically, then, fostering an older adult's control of decision
making should be preserved if we are committed to retain
ing or improving the quality of life. However, just as ageist
language has become accepted in society, so has the expecta
tion that responsibility for decision making slowly, but auto
matically, shifts away from the older adult, presumably to
someone who knows more or has the best interest of this
person at heart. The presumption is faulty, especially in in
stances in which cognition and mental capacity are not in
question; yet the practice of taking decision-making author
ity away from the older adult persists. The elder is robbed of
the opportunity to contribute to the decision and relegated
instead to the role of passive recipient of someone else's
judgment. Because of the powerful role that control of deci
sion making has in maintaining the morale, it is not surpris
ing that loss of control may precipitate a lack of interest in
interacting with people or the environment. These older
adults may then be characterized as lacking motivation, or as
apathetic, listless, and uncommunicative. They may engen
der a sense of helplessness and even hopelessness or de
spair. 56 Passive, withdrawn behavior, particularly in institu
tional settings, may be unconsciously reinforced by health
care professionals who support the notion that the passive
residents are the good residents, because they are not dis
ruptive to the flow of work. 51 The likelihood of this occur
rence is magnified in situations where the facility is consis
tently understaffed or where staffing patterns are irregular.
Under these circumstances, as might be expected, quality of
life for the older adult is further threatened, and therapeutic
outcomes are seriously hampered.
Loss of control over decision making and its sequelae, as
described in the preceding text, have devastating, but not ir
reversible, effects on the quality of life of an older adult. Re
search supports the reversible nature of such behavior.
Strategies and techniques that address improving perceived
control of decision making have been correlated with in
creased self-reports of happiness, morale, and enthusiasm as
well as increased alertness and activity levels noted by oth
ers. 56 It is recommended that physical therapists and other
health care practitioners interested in maintaining quality of
life for older adults embrace strategies and plans that are de
signed to return control of decision making to the older
adult. Teitelman and Priddy offer six basic therapeutic
strategies that can be used to facilitate such control. 56 Al
though designed for use in long-term-care settings, their
recommendations can be extrapolated to most environ
ments and situations, including provision of therapy,
whether it be hospital-based, subacute, home care, or pro
vided in an outpatient setting.
1. Promotion of choice and predictability. Even small, or
what may appear to others as insignificant, choices can
have a positive impact on the older adult's perception
of control and can be readily incorporated on a daily
basis. For example, recognizing that elders, like all per
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sons, have preferences; for example, what they wear,
only recently begun to receive the attention that they deserve
what food they eat, and when they go to therapy ...
in the health care community. However, the potential impact
and allowing them to voice those preferences with the
of each of these factors on the eventual outcome of an older
knowledge that their choices will be honored empow
adult's care must be considered from the outset, if profes
ers them and can improve their mental as well as phys
sionals are committed to providing the best possible care.
ical well-being. Predictability can be included by keep
Ethnicity and culture can affect older adults' views of
ing the older adult informed of overall goals and
death, dying, the role of the family in illness, and the impor
expectations.
tance attached to folk beliefs and medicines as opposed to
2. Elimination of helplessness-engendering stereotypes. Es
current technology and medical advances. Ethnic and cul
tablishing effective, productive relationships with
tural beliefs can significantly influence the level of respect
older patients and clients-respecting and valuing
bestowed on an elder, the dynamics of the family and sup
their worth and recognizing their potential contribu
port system in general, the development of provider-patient
tions and decision-making abilities-is the most use
relationships, the need for control of decision-making
ful health care delivery model. Self-awareness, by the
power, and certainly the extent to which an older adult will
health provider, of ageism and the serious conse
adhere to professional recommendations. 18,64 In fact, an
quences of loss of control is paramount. Educating
older adult may persist in rejecting professional recommen
others to its devastating effects is the logical next step.
dations despite efforts by the provider to increase his/her
3. Promotion of therapeutic attributions and a sense of re
control of decision making if attention is not given to ethnic
sponsibility. This involves redirecting older adults'
and cultural considerations. Wood cautions that elders may
sense of guilt or blame for the cause of their problems
believe that their own assessments of their health, "often de
and encouraging more personal responsibility for ef
scribed in colorful folk medicine causalities:' should be re
fecting a positive outcome or solution. Self-blame is
garded by health care professionals as seriously as these
destructive and has the potential to fuel existing feel
opinions are taken within the ethnic subculture.64 Further
more, dismissal of long-standing, culturally based beliefs is
ings of helplessness/hopelessness, whereas taking a
not conducive to establishing a mutually rewarding, thera
role in identifying/effecting a solution is generally
therapeutic.
peutic relationship that is built on trust.
4. Provision of success experiences early on in care. Care
It is not realistic to expect that health care professionals
needs to be taken early on not to overwhelm the older
have in-depth knowledge of all subcultures, but it is recom
adult with demands and tasks that are intimidating.
mended that awareness of and sensitivity to cultural issues
Less-challenging decisions (and activities) should be
be encouraged and that empathy be practiced.64 In the ab
attempted first, while self-confidence is allowed to
sence of in-depth knowledge of specific cultural beliefs, at
build. Negative results and errors need to be antici
tention to the nonverbal signals of the older adult patient,
pated and minimized by the therapist, while praise and
such as body language, facial expression, and eye contact,
positive reinforcement are maximized.
can provide the health care professional with clues that per
haps further investigation into the cultural background of
5. Modification ofan elder's unrealistic goals for care. The
geriatric therapist's overall goal, individualized for
the patient is appropriate. Family members and colleagues
each older adult, is to simultaneously maintain hope
can be exceptional resources and may be able to provide
and promote a therapeutic relationship while modify
valuable insight into a particular cultural or ethnic group.
ing any unrealistic expectations.
Of course, when providing health care in a region with
6. Use of control-enhancing communication skills. Com
known, strong cultural influences it is incumbent on the
munication that is respectful and genuine and that val
professional to become knowledgeable of local customs and
ues the patient's/client's views and feelings can reduce
beliefs and to be creative in working to incorporate them
helplessness and improve collaboration and coopera
into the overall plan of care when possible. For example, in
tion in the therapeutic environment.
some subcultures, the individual is traditionally a passive re
cipient of care, dependent on a traditional healer and local
Culture
customs to effect a change in health. In addition, these indi
viduals may wait to consult with the traditional healer before
Ensuring that older adults are in control of their own deci
accepting even minor professional recommendations. This
sions has a positive influence on outcomes, quality of life,
goal setting, motivation, willingness to collaborate with pro
oftentimes further delays the initiation of care. The health
care professional who unknowingly expects full, active coop
fessionals, and to consider professional recommendations.
However, cultural influence is a powerful factor that can ef
eration is likely to be frustrated by these practices but, once
fectively negate a positive outcome if overlooked. Wood de
informed, can effectively plan a reasonable course of action.
scribes ethnicity as "common history and shared culture,"
The professional must have a healthy respect and apprecia
whereas culture itself refers to "socially transmitted beliefs,
tion for ethnic and cultural differences among older adults
institutions and behavior patterns that are characteristic of a
and recognize that culture can be a powerful influence on
particular population group."64 Culture and ethnicity have
the entire therapeutic process.
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Advocacy
One way in which quality-of-life issues in older adults can be
addressed is to emphasize the concepts of patient advocacy
and informed consent. Informed consent may be simplisti
cally defined and in effect misrepresented as meaning that
the patient is part of the decision-making process. While this
is true on a superficial level, this definition does not ade
quatelyexplain the roles and responsibilities of other partic
ipants in the decision-making process. The original intent of
informed consent legislation is that health care professionals
provide the patient with sufficient information about the sit
uation so that the patient can make an educated, and there
fore, informed choice. 21 In other words, communication and
discussion should provide the patient with all of the infor
mation required to actually make the decision and not sim
ply to act as a contributor to the decision-making process.
Historically, however, a paternalistic attitude has been
utilized and reinforced in the medical model of health
care. ls ,44,63 In paternalism, decisions regarding what is best
for the patient are made by the professionals. Quill and
Brody assert that 25 years ago, medical decisions were made
almost exclusively by the physician, perhaps with the best of
intentions, but certainly minus an open dialogue. 44 Today,
this can occur when individuals are truly incapable of mak
ing independent decisions because of lack of consciousness
or serious cognitive impairment.63 However, in the case of
older adults, a paternalistic approach is often taken even
when there is no evidence to suggest that either of these con
ditions is present. Wetle has remarked that paternalistic atti
tudes use an ageist assumption that equates old age with in
competence.63 Unnecessary paternalism perpetuates ageism
and fosters dependent, hopeless, and helpless individuals.
On the opposite end of the spectrum from the more fa
miliar practice of paternalism is what Gadow has called con
sumerism and what Quill and Brody have termed indepen
dent choice. 15,44 Rather than making all the decisions for the
client, the consumerism model finds the health care profes
sional providing the elder with factual information and then
withdrawing, leaving the decision totally in the hands of the
client. With this model, patients are left to make a decision
without the opinion or recommendation of the physician or
health care professional. While at first glance this model may
appear to meet the requirements of patient self-determination,
neither it nor paternalism provides a mechanism in which
the client is assisted with the decision process itself. One
model eliminates the patient from the equation (paternal
ism), whereas the other eliminates the professional (con
sumerism)Y "Unfortunately, a generation of physicians has
been trained under the 'consumerism' or 'independent
choice; model, creating new problems as serious as those
posed by paternalism."44 Advocacy is a third model and one
that empowers the elder. It relies heavily on the dynamics of
the patient-provider relationship and on the active partici
pation by the professional in assisting the older adult to
make a decision. As defined by Gadow, the advocacy model
is "an effort to help individuals become clear about what
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they want in a situation, to assist them in discerning and
clarifying their values, and to help them in examining op
tions in light of their values."ls
There are five components to the advocacy model. The
first is that of self-determination, or autonomy. The more
information that an older adult has, the more able the per
son will be to choose what course of action is right for a par
ticular circumstance. In the absence of complete informa
tion, informed choice is not possible. The second
component is that of the patient-provider relationship. The
provider's role is to enable the patient to determine the
amount and type of information to be presented.
The third component in this model is one that may be
new to many health care professionals but one that is
uniquely important to this model: providers need to share
their own values with the patient. To be able to examine all
options freely the patient is entitled to know what the
provider's feelings and values are. This does not imply an
imposition of the provider's values on the patient, nor a co
ercion to decide in a prescribed way. Rather, it is a sharing of
perspective and opinion that serves to strengthen the pa
tient-provider relationship by affirming that the provider is
genuinely concerned with protecting the older patient's right
to self-determination by providing all the information.
Disclosing provider values also has the effect of assisting
individuals to clarify their own values, the fourth compo
nent in the model. It is absolutely essential for the providerl
professional to discern, through discussion, what is impor
tant to the older adult, in terms of quality-of-life issues, in
order to provide appropriate information. For example, will
a proposed intervention increase or decrease the quality of
life that the patient values? Are proposed interventions in
keeping with or discordant from strongly held cultural be
liefs? This component emphasizes the need for the provider
to be able to set aside personal values in deference to letting
the patient's values be decisive. ls
The final component of Gadow's model is the concept of
individuality. Individuality includes considerations other
than values that can be decisive in self-determination. How
injury or insult to the body affects a person's perception of
self can significantly influence the ability to exercise free
choice. The perception of self and body may be so tightly in
tertwined that behavior after an injury will not be consistent
with how the person might have been expected to behave be
fore the illness. For example, depression after illness or in
jury can significantly influence decision making. Decisions
made under these circumstances may not be in keeping with
usual and customary behavior before the incident. To pro
tect an older adult's right to free choice, it is critical that the
health care professional be aware of the person's sense of
individuality and how it may affect the capacity for self
determination. Most important, the provider needs to be
prepared to actively assist the client in exploring these issues.
Gadow's advocacy model conceptualizes the compassion
ate health care provider as one who not only places the well
being of the older adult above all else but also recognizes that
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TABLE 2-1

CHARACTERISTICS OF Two MEDICAL
DECISION-MAKING MODELS
ENHANCED AUTONOMY MODEL

INDEPENDENT CHOICE MODEL

Knowledge and expertise are
shared between patients
and physicians
Patient and physician
collaborate
Relationship-centered
Physician serves as active
guide
Additive experience (win/win)

Patients expertise and values
dominate

Competence-based
Dialogue-based
Physician is personally
invested in outcome
Patient and physician have
joint responsibility for
patient outcome

Patient has independence and
control
Patient-centered
Physician serves as passive
informer
Zero-sum interaction
(win/lose)
Control-based
Discussion-based
Physician is detached
operative
Physician abdicates
responsibility to patient

From Quill TE, Brody H: Physician recommendations and patient autonomy: Finding
a balance between physician power and patient choice. Ann Intern Med 125:763-769,
1996.

the individual is solely responsible for defining the condi
tions of "personal well-being:' In this model, extensive con
sideration is given to the older adult as a unique being-an
individual with a history of unique experiences, with values,
needs, and desires that do not fade as age increases, and with
a right to self-determination in all matters.
Quill and Brody use the term "enhanced autonomy" to
describe Gadow's advocacy model and its recommended use
in medicine. They contrast it with the "independent choice"
model in Table 2-1. Enhanced autonomy is described as
"relationship-centered:' so that not only the physician and
the patient but also family members and others can be in
cluded in the decision-making process. This is a model that
uses open dialogue to explore patient and physician values,
assumptions, and perspectives before the patient arrives at a
decision. It requires that the physician be an active listener (a
skill that must often be taught) as well as capable of leaving
preconceived ideas behind in order to be open to new con
siderations. Above all, it requires a genuine concern about
the patient's best interests. The underlying theme in the en
hanced autonomy model is respect for the patient as a per
son. "It is not respectful to spare persons from advice or
counsel just to maintain neutrality, nor is it respectful to
treat persons according to rigid protocols ..."44 Quill and
Brody make six recommendations for enhancing patient au
tonomy in medical care. These recommendations can be eas
ily translated to the provision of physical therapy services in
general and specifically to the care of the older adult.
1. Share your expertise fully while listening to the patient's
perspective. Use understandable language and allow
sufficient time for questions. Be prepared to explore
differences in values and experiences.

2. Recommendations must consider clinical facts as well as
personal experience. Most patients want to hear the
physician's or other professional's perspective but need
their values and perspectives to be heard and inte
grated. Make biases and past relevant experience part
of the dialogue.
3. Focus on general goals before specific treatment options.
This can help to avoid premature "choosing of" treat
ment that may not be in the patient's best interest.
4. Carefully explore differences between your recommenda
tions and the patient's wishes. Dissecting the issue into
component parts can help to identify areas in which
there is agreement and those in which there is none.
For example, agreeing on a treatment option can be
difficult if there is disagreement as to the nature of the
problem or the prognosis.
5. Final choices belong to the informed patient.
6. Practice collaborating with patients in an open and hon
est way. The skill required to know what to recom
mend and how to negotiate without dominating takes
practice and gets better with experience.
Whether one uses the advocacy model described by
Gadow or the enhanced autonomy model elaborated on by
Quill and Brody, "patient compliance" becomes an obsolete
phrase. Compliance, after all, is only an issue if one fails to
abide by, obey, or do what someone else has deemed critical.
As Ramsden so aptly states, "Failure of patients to comply
with treatment may be related to failure of the health care
professional to plan a strategy that is in tune with the indi
vidual's needs."45
ISSUES AFFECTING AN ELDER'S QUALITY
OF LIFE

The Role of the Family
Family plays a significant role in the quality of life of the el
derly. Families are sources of information, care-givers, and
major sources of emotional support and socialization. 13 In
turn, family members need support to fulfill these critical
roles and to meet the needs of aging parents and relatives.
Families require information on (1) the normal changes
with aging, (2) available community resources, (3) knowl
edge and skills in the actual physical care of the elder, and
(4) communication-skills training to deal with physiologi
cal changes and psychological changes of the aging el
der. 10,37,45,46,52,53,59 When an elder becomes impaired, the fam
ily members are understandably grieved and often frustrated
by the loss. Families require assistance in coping with their
feelings, understanding the causes of impairment, and learn
ing communication strategies that promote the elder's well
being and sense of controp7 Thus, providing care for an el
derly patient is usually a team approach that requires
professional communication with the elder, the family, and
other health care providers. Teaching the elder patient and
the family is an important professional skill that directly af
fects the elder's quality of life.
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Grief and Loss
Grief is a natural emotional response to an actual or im
pending loss. II The loss of physical function; loss of a limb;
loss of a job; loss of life roles and their responsibilities and
pleasures; loss of a loved one, especially a spouse; or immi
nent loss of one's own life all cause painful suffering. Griev
ing is a normal reaction for a patient and that patient's fam
ily. The grieving process, although recognized to have
identifiable symptoms and phases, remains a unique, indi
vidual response strongly embedded in social and cultural
values and beliefs. I 1,16.39.54 Studies indicate that an individ
ual's personality traits are the most powerful predictors of
one's style of coping with grief. 16
Symptoms of Grief
Somatic symptoms are a common response to grief. Tight
ness of the throat, shortness of breath, choking, frequent
sighing, muscle weakness, tremors, an empty feeling in the
abdomen, and chills are all common somatic symptoms
present with grief.' Sensory responses are known to be
heightened or erratic. The grief-stricken individual may ap
pear tense, restless, irritable, or hostile. Preoccupation with
the image of the deceased or the lost object is common and
often the only topic of conversation. Mental distress is often
exhibited by disorientation to time, lack of ability to con
. centrate, restlessness, and a tendency to daydream. Similar to
common depression, disturbances in sleeping; eating; and
normal activity patterns, including hygiene, are common.
Phases of Grief
A number of models and theories of stages of grieving ex
ist.u,16.28 Each model attempts to delineate the gamut of hu
man emotions associated with loss, including shock, disbe
lief, sadness, sorrow, anger, disgust, guilt, and relief.
Although these models may assist our understanding of the
complexity of the grieving process, none are meant to show
a linear sequence of emotions or stages. The actual grief
process is a total emotional response that is highly individu
alized.
Grief work does have some commonly recognized
phases.ll,16,54 Shock, disbelief, and numbness are common
initial reactions. Preoccupation with the loss of a person or
object, intense pining, restlessness, irritability, intense lone
liness, and overall anxiety are often-displayed initial re
sponses. With time, intense grief work may display a wide
range of emotional responses, from anger to apathy. The in
tensity of the grief response is related to the perceived sig
nificance of the loss, the bereaved individual's personality
traits and coping methods, and the elder's accepted social
and cultural norms. This time of grief work for the bereaved
elder patient may be confused with a clinical depression. The
apathy, mood swings, and aimlessness common in grief are
similar to depression and may be treated like a major de
pressive episode. Caution is advised in the use of medica
tions that may trigger additional mood swings or produce
significant side effects that may actually prolong the grieving
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process. 54 Finally, a gradual reorganization and balance oc
cur in the emotional and physical well-being of the grieving
individual. It is important to recognize that significant new
events or anniversary dates may continue to trigger grief re
actions or mood swings. Health professionals have an im
portant role in supporting their patients and their families
through the grieving process. Verbal and nonverbal support,
empathy, respect, and acknowledgment of their individual
needs are all part of a comprehensive plan of care.

Fear of Dying
All individuals have fears related to dying and terminal ill
ness. Some of the most common fears are isolation, pain,
and dependence. 27,43 The health care provider has a decided
role in supporting the dying patient by providing security,
alleviating suffering, and providing as much control for the
patient as possible. Continued physical and emotional sup
port diminishes the fears associated with terminal illness and
dying.
The fear of isolation is a fear of physical as well as emo
tional isolation. Family and health care providers confronted
with the loss of the patient and their own inability to prevent
the inevitable are known to retreat. This retreat is not only
from the patient but also from the health care provider's
own sense of loss or lack of control. The patient has the de
sire to be responded to as a living, worthwhile individual up
to the time of death. A dying patient, facing the unknown, is
supported by knowing that one will not be left alone.
The fear of pain is commonly expressed by dying pa
tients. A decrease of, or freedom from, pain significantly in
creases an individual's quality of life. A clear commitment by
health care providers to alleviate pain is a significant source
of comfort for the dying patient. 27
The dying patient's fear of dependence and of lack of
control are compounded by fears of isolation and pain. With
the loss of physical and mental functions, the dying patient
faces loss of control of aspects of life. The health care
provider's role is to empower the dying patient in whatever
ways possible by promoting or sustaining an environment
that is responsive to that patient's needs. All health care
providers would do well by adopting the hospice philosophy
of "affirming life and providing support and care" to dying
patients so that they may live as fully and as comfortably as
possible. 39 In addition, the adoption and promotion of living
wills and Medical Directives could greatly enhance the dying
patient's sense of controV 2

COMMUNICATING WITH THE
TERMINALLY ILL PATIENT
Communicating with a terminally ill patient should be no
different than any other patient-therapist interaction. The
uniqueness in our response to the patient with a terminal
illness comes from our awareness of the significance and fi
nality of death facing the patient and from the enormity of
our own perceptions and fears of death and loss. These are
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complex issues that we face as individuals and as health care
providers. The support of other health care providers is ad
visable when dealing with your own grief and loss for the
dying patient. Our helping professional role is not auto
matic or easy; it requires significant practice and skill in
communication and in the ability to listen, empathize, and
consistently promote the well-being of an individual from
that individual's own perspective. The key to all our profes
sional interactions is the provision of care from the patient's
perspective.

Maintaining Hope
Hope for a terminally ill patient may not necessarily be for a
cure. Hope for a patient may be to see hislher next grand
child, to have time to settle the family finances, to have one
more Thanksgiving with the family, or to ultimately have a
quick and painless death. As illness progresses, patients'
hopes may change. Your role is to facilitate the fulfillment of
that patient's hope as realistically possible. Open, direct
communication is required if the therapist is to learn what is
important to the patient. The setting of mutual goals is es
sential.

Alleviating Suffering
Suffering is not a simple physiological response. Suffering
the lack of comfort or physical well-being-can be greatly
reduced by the alleviation of fears. Patients need the support
of knowing that they will not be abandoned or allowed to
suffer as they approach death. Although a dying patient's de
creasing physical capacity may greatly limit his/her indepen
dence, the role of the health care provider is to maintain that
patient's dignity and self-control by promoting the patient's
decision making as much as possible.

Saying Good-Bye
Saying good-bye to a patient, especially a patient with a ter
minal illness, can be very difficult. Ned Cassem29 gives a clear
perspective of what one may choose to say and why:
What we often do because losses hurt so much is we don't say good-bye
to anybody. The day comes and we disappear ...What should be said is,
'I want you to know the·relationship was meaningful, I'll miss this about
you, or I'll find it hard to go down to the corner for a beer, it won't be
the same, I'll miss the bluntness that you had in helping me sort out
some things, or I'll miss the old bull sessions: or something like that. Be
cause those are the things you value. Now what does that do for the
other person? The other person learns that although it's painful to sep
arate it's far more meaningful to have known the person and to have
separated than never to have known him at all. He also learns what it is
in himself that is valued and treasured.

SUMMARY
Communication is an essential component of the role of the
health professional. Communication and interpersonal skills
are learned skills, which are driven by some commonly held
professional values. Respect for the individual, promotion of
the individual's autonomy, and nurturance of a trusting rela

tionship are values that drive the communication approaches
and interpersonal skills of health care professionals.
Effective communication with an elder requires adapta
tion to the common physiological, psychological, and social
changes associated with the aging process. Changes in hear
ing, sight, speech, and facial expression alter the elder's com
munication intake and response. Effective communication
with an elder considers the effects of the aging process on
that individual and adapts to those physiological and social
changes. Age-related learning, sight, hearing, and speech
deficits in an elder require conscious adjustments in the
communication approach of the health care provider. Effec
tive communication with an elder may be facilitated through
a variety of strategies and approaches including the use of
touch, reminiscence, and humor.
An imperative for health care professionals is to respect
and address the individuality of each elder they encounter.
Ageism remains in our society and continues to foster erro
neous assumptions about the capabilities, intelligence, and
physical skills of the elder patient. Our use of language is a
telling example of the insipid influence of ageism. Terms such
as old biddy and geezer continue to thrive in our culture.
Our quality of life is directly related to our ability to con
trol decisions and make choices. Ensuring that elders are in
control of their own decisions has a positive influence on
therapeutic outcomes, their quality of life, and adherence to
professional recommendations. A significant variable when
considering anyone's quality of life is the impact of culture
and ethnicity. Sensitivity to cultural and ethnicity issues is
essential. A model of advocacy embraces the principles of
compassionate health care that truly empowers elders.
Grief, death, and dying are significant issues of life for all
of us but are particularly prominent for the elderly. Com
municating with the terminally ill patient and family is com
plex. Alleviating suffering, maintaining hope, and saying
good-bye can be difficult skills for health care providers to
learn. Health care professionals have an important role in
supporting their patients. Communication is our tool.
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3

OUTLINE

INTRODUCTION
Age-related changes in the physiological organ systems of
the human body are major public health problems in the
rapidly expanding elderly population. It is unclear whether
there are any reversible components in these aging problems.
An understanding of the physiological changes and their im
pact on function is the crucial first step toward developing
rational therapeutic or preventative measures to address
these problems.
The physiological changes that occur with the passage of
time do not include changes due to disease processes. Aging
is not disease. The diseases that are commonly associated
with the elderly are due to long-term abuse (abuse in the
form of smoking, poor nutrition, inadequate exercise, expo
sure to noxious agents such as chemicals or ultraviolet radi
ation); however, this is not to say that all disease can be pre
vented by "clean and healthy living:'
The decline in physical function associated with the re
duced physical activity so commonly present in older adults
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does not describe aging. Older people become increasingly
limited in their abilities to perform activities of daily living
because of poor balance, reduced endurance, generalized
weakness, or repeated falls. However, it is not clear whether
these changes are due to the aging process per se or inactiv
ity. For example, lean body mass, basal metabolic rate, aero
bic capacity, and insulin sensitivity all decline with decreas
ing levels of physical activity and are also reduced with
aging. Bortz19 hypothesized that inactivity causes many of
the functional losses attributed to aging, at every level from
cellular and molecular to tissue and organ systems. Many of
the physiological changes attributed to aging are similar to
those induced by imposed inactivity and possibly could be
attenuated, or even reversed, by exercise (Table 3-1).
Aging is associated with profound changes in body compo
sition. With age, there is an increase in body fat mass, espe
cially the accumulation of more internalized fat deposits (ab
dominal), and a decrease in lean body mass. This decrease in
lean body mass occurs primarily as a result of losses in skele
tal muscle mass. 50 The age-related loss in skeletal muscle mass
has been termed "sarcopenia:' The loss in muscle mass ac
counts for the age-associated decreases in basal metabolic rate,
muscle strength, and activity levels, which, in turn are the
cause of decreased energy requirements in the older adult.
Daily energy expenditure declines progressively through adult
life. The main determinant of energy expenditure is fat-free
mass, which declines by about 15% between the third and
eighth decades of life, contributing to a lower basal metabolic
rate in the elderly.29 Although body weight increases with age,
the reasons are many. Chief among these causes are a declin
ing metabolic rate and activity level coupled with an energy
intake that does not match the declining need for energy.
These changes in body composition increase the older
adult's risk of developing a wide range of chronic disorders,
including hypercholesterolemia, atherosclerosis, hyperinsu
linemia, insulin resistance, non-insulin-dependent diabetes
TABLE 3-1

PHYSIOLOGICAL CHARACTERISTICS
ASSOCIATED WITH AGING, IMPOSED
INACTIVITY, AND EXERCISE
CHARACTERISTIC

Body Composition
Lean body mass
Fat mass
Bone mass
Total body water
Metabolism
Basal metabolic rate
Glucose tolerance
Muscle glycogen
Insulin responsiveness
Calcium balance
LDL cholesterol
.I.l =

Decrease; 1l

increase;

AGING

IMPOSED INACTIVITY

EXERCISE

11
11
11
11

11
1l
J!
,U

11
11
1l
1l/

11
11
11

11
11
11
U
U
1l

'~

U
U
1l
no change.

1l
1l
1l
1l
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(type II diabetes), and hypertension. 37 These changes, to
gether with the age-associated decline in whole-body exer
cise tolerance (maximal oxygen consumption, Vo2max), can
substantially reduce the amount and intensity of physical ac
tivities performed by the older adult. This decline in physi
cal activity also contributes to the loss of muscle mass and
the accumulation of fat mass and is considered a major risk
factor for the development of many age-related chronic dis
eases. '9 More importantly, these physical and metabolic im
pairments associated with aging and inactivity are reducing
the quality of life for a rapidly expanding older population.
To the practicing therapist, it is largely irrelevant to sim
ply discuss changes in the normal aging process, since the
older patients are likely to have, in most cases, additional
pathology underlying purely aging changes. However, a true
understanding of the aging process is essential to fully un
derstand how illness or chronic disease compounds an al
ready compromised system. The objectives of this chapter
are many. First, biological theories of aging are reviewed.
Second, age-related changes in the physiological organ sys
tems with special emphasis in the skeletal muscle system,
cardiovascular system, and heart and peripheral vasculature
at rest and during exercise are documented. Next, the adap
tations to exercise are discussed followed by a discussion on
the development of an exercise program for the older adult.

AGING THEORIES
The term aging is difficult to define because it has diverse
meanings for different professionals.
Since this chapter will be reviewing the physiological
changes that occur in the organ systems of the human body,
biological aging will be emphasized. Developmental changes
are irreversible normal changes in a living organism that oc
cur as time passes. The changes that occur with development
are neither accidental nor a result of abuse, inactivity, or dis
ease. The developmental changes can be divided into three
categories: development, maturation, and aging. Develop
ment refers to changes that occur before birth or during
childhood. Maturation concerns the changes that result in
the transformation of a child into an adult. Aging refers to
the group of developmental changes that occur in the later
years. Unlike development and maturation, changes associ
ated with aging reduce a person's ability to function, main
tain survival, and have a high quality of life. Thus, aging is a
continuous set of time-dependent processes that generally
mirrors chronological age but is highly variable and individ
ualized. Aged, as generally used, can best be defined as a
"state or condition" that mayor may not correlate with
chronological age and more often reflects the loss of a per
son's capacity to maintain independence.

Biological Aging
Aging includes several different kinds of changes. Age
associated changes that involve the physical structures and
functioning of the body and that affect a person's ability to
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function or survive are referred to as biological aging. The
cells, critical components of each organ system of the human
body, function at all times to build and maintain the struc
ture of the body and carry out its function. The state of hav
ing proper and steady conditions is called homeostasis.
Homeostasis involves many conditions, such as temperature,
nutrient levels, and water content. Biological aging reduces
the ability of the body to maintain homeostasis and there
fore to survive. Numerous and diverse theories attempt to
explain why and how biological aging occurs.
Biological aging of the different organ systems of the hu
man body occurs at specific rates. The rates of biological ag
ing are regulated by the following two general features:
1. A genetic component that imparts a species-specific ca
pability to carry out basic biological processes necessary
for life and reproduction
2. Environment and life-style components that are super
imposed on the intrinsic genetic design and can influence
the overall rates of aging and susceptibilitY to disease
The importance of the genetic component in the regula
tion of biological aging is demonstrated by the characteristic
longevity, or life span, of each animal speciesY For example,
humans live five times longer than cats, cats live five times
longer than mice, and mice live twenty-five times longer
than fruit flies. For humans and mammals, the genetic com
ponent in regulating the life span, defined as the heritability
oflife span, is small.
The small heritability of life span is strongly demon
strated by human twin studies. 43 When the twins are reared
apart, the twins share less than 35% heritability of life span,
i.e., the heritability of life span accounts for less than 35% of
its variance. In contrast, the environment and life-style com
ponents in regulating life span is much greater and account
for the remainder of the 65% observed variance. Thus the
relative minor heritability of human life span implies that
the choice of life-style and other environmental influences
profoundly modify the outcome of aging.
General theories of aging have been proposed to explain
the process of aging. However, even with extensive research,
a good general theory of aging has not been presented. There
are several theories of aging and the theories fall into two
general categories: (1) the stochastic model of aging-the
accumulation of damage to informational molecules and (2)
the programmed model of aging-the regulation of specific
genes. Most likely, aging is an integrated process that en
compasses both general theories.

Accumulation ofDamage to Information
Molecules (Stochastic Model)
In general, the stochastic theories suggest that damage to
cells and molecules underlie aging. Deoxyribonucleic acid
(DNA) damage and damage to proteins from a variety of
sources, with emphasis on free radicals and glycation, com
bine to produce manifestations of aging. Specifically, the ac
cumulation of damage to informational molecules proposes
that aging is the consequence of a progressive accumulation

of errors in the makeup of the cells because the cells' repair
processes do not keep up. The consequence of the error
buildup is that the genetic foundation of the cell becomes al
tered and the expression of essential, functional protein is ei
ther limited or cannot proceed at all.
In functional cells, there are built-in mechanisms to re
pair minor DNA damage so that protein synthesis and cell
homeostasis can be maintained. DNA damage is reflected in
changes in the membranes and enzymes that are made by
the cell. Manifestations of DNA damage are seen by cell
membrane changes in its transport of ions and nutrients.
With DNA damage, membrane-bound organelles, such as
mitochondria and lysosomes, are present in reduced num
bers. In addition, these organelles are less effective, presum
ably because of changes in their membranes and in the en
zymes that regulate their reactions.
Random environmental events such as oxygen-free
radical damage; somatic-cell-gene mutation; or cross-linkage
among macromolecules, particularly proteins, alter the
DNXs ability to function normally. Normal function is de
fined as the ability to transfer information from DNA to ri
bonucleic acid (RNA) to the synthesis of protein. Synthesis of
aberrant protein or a failure to express essential, functional
protein when required eventually leads to the cell's inability
to contribute to tissue and organ homeostasis. Individual cell
loss is not catastrophic to tissue or organ function because of
the redundancy of cells. However, the tissue or organ fails
when a significant complement of cells is altered. 57,107,122
Collagen Cross-Linking
Collagen is the most abundant protein in body. With age,
collagen is less soluble, rigid, and cross-linked. Free radicals,
glucose, and ultraviolet light are thought to increase collagen
cross-linking. Other substances in connective tissue (elastin)
as well as DNA are subject to cross-linking. There is, at pres
ent, no knowledge on how to prevent collagen cross-linking
from occurring. Functionally, the age-associated changes in
collagen is observed in skin, loosened teeth, clouded lens, re
duced kidney function, damaged lungs, reduced muscle ca
pacity, reduced joint mobility, arid altered circulatory effects.
Free-Radical Theory
Free radicals are highly reactive molecules with one or more
unpaired electrons available for bonding. Oxidation of pro
tein, fat, and carbohydrate results in free radical formation.
The free radical theory of aging suggests that the highly re
active by-products of oxidative metabolism can react with
key cellular constituents, including proteins, DNA, and
lipids, to generate long-lived dysfunctional molecules that
interfere with cellular function. Perhaps the most vulnerable
biological structure damaged by free radicals is the plasma
membrane, which is essential for homeostasis. Damage to
mitochondrial DNA results in the body's inability to pro
duce adequate energy for increased activity levels and may
have a significant impact on skeletal muscle strength and en
durance. Free-radical-induced damage of proteins in ten

Chapter 3

PHYSIOLOGICAL CHANGES ASSOCIATED WITH AGING

dons and ligaments cause them to become excessively joined
together and limit range of motion. Free radical damage can
initiate inflammation; cause excess blood clotting; and pro
mote several diseases, such as atherosclerosis. Clearly, free
radical damage alters essential organ function.
Vitamin E especially but also vitamins A and C are con
sidered to be free-radical scavengers. Individuals with high
levels of protection against free radicals (antioxidants) are
thought to live longer. Older people, in general, have lower
blood levels of vitamins A and C and perhaps E. It is still
plausible that alterations in oxidant production and controls
of oxidant-mediated damage may play significant roles in
the rates of aging.

i -

Glycosylation Theory
The glycosylation theory suggests that nonenzymatic glyco
sylation can create modified forms of proteins and perhaps
other macromolecules that accumulate and cause dysfunc
tion in aging. In this reaction, which does not require an en
zyme, glucose joins with certain amino acids in proteins, ren
dering an altered amino acid, and ultimately a dysfunctional
protein. The glycated proteins are damaged and are termed
advanced glycation end-products. To date, there is no known
benefit from glycation or advanced glycation end-products.
Glycated forms of human collagen do accumulate with
age in tendon and skin. Adverse effects from glycation in
clude body stiffening, reduced ability to control blood ves
sels and blood pressure, damage to blood vessel linings, in
creased blood clotting, eye damage, increased development
of Alzheimer's disease, and amplification of most effects
from diabetes. Glycation does not appear to cause aging.
However, this cellular process has a significant impact on
function and ultimately the quality of life for the older adult.

Pre-Programmed Gene Regulation
The regulation of specific genes proposes that the aging
process is actively programmed by the cell's genetic machin
ery. This category of aging theories maintains that aging oc
curs because of intrinsic timing mechanisms and signals. For
example, the programmed cell-death hypothesis during cer
tain cell-lines during development and maturation support
this theory. Deliberate programmed death of cells is called
apoptosis and occurs during development to remove un
wanted or extra cells, e.g., webbing between toes and fingers.
Telomere
Cells fall into three types: continuously replicating, replicat
ing in response to a challenge, and nonreplicating. Although
some cells continuously replicate in vivo, they have a finite
replicative life. With each cell division, a portion of the ter
minal end of the chromosome (the telomere) is not repli
cated and therefore shortens. It is proposed that telomere
shortening is the signal that results in the shift to a senescent
pattern of gene expression and ultimately cell senesecentY
Functionally, this process may activate detrimental genes
that cause aging.

31

Master Clock
The most plausible of the genetic regulation theories of ag
ing center around the theme of a "master clock." The master
clock theme suggests that humans have an organ, cell type,
or perhaps an intracellular molecule that loses function
over time and that is coupled to and assists time- or age
dependent changes in the other organs and cell types. The
difficulty with this master clock theory is that there is no
good evidence as to where this master clock or timing mech
anism might lie or how it might control aging in so many di
verse organ systems.
Potential master timers for the aging process have been
nominated and incorporate the other theories of aging.
Master timers include somatic mutations in DNA; telomere
shortening; cross-linking of extracellular connective tissue
fibers; changes in the composition and fluidity of the plasma
membrane; changes in mitochondrial function; alterations
in immune surveillance; alterations in the rate of protein
degradation and synthesis; programmed loss of mitotic ca
pacity in fibroblasts; speed of DNA repair enzymes; and
changes in hypothalamic, pineal, or pituitary cell function.
It is not easy to find the master clock because there are so
many age-associated alterations in the diverse physiological
systems. Among the age-related changes it is difficult to de
termine whether the changes in the extracellular, intracellu
lar, and multicellular function are primary, i.e., tightly linked
to some fundamental control system or whether the changes
occur secondarily as a consequence of other age-dependent
changes.
In conclusion, the number and diversity of theories at
tempting to explain biological aging can be perplexing. It is
evident that the aging process or processes are multifactorial
in origin and may be different in the various organ systems.
Further, it appears that in the absence of disease, the ability
of an individual to maintain homeostasis through protective
mechanisms or repair is key to longevity and quality of life.
Understanding the aging process may assist in providing ap
propriate care for the older adult and through good nutri
tion, exercise, and appropriate health care, it may be possible
to retard the negative manifestations of aging.

FUNCTIONAL PERFORMANCE
THRESHOLD
The ability to perform activities of daily living is important
in maintaining independence for the older adult. There is a
minimum criteria of physical functioning, e.g., strength,
range of motion, endurance, balance, required to perform
activities of daily living; this is defined as the functional per
formance threshold. Young adults have considerable physio
logical capacity and reserve that enable them to perform ac
tivities and exercise well in excess of the metabolic and
physical demands required by routine daily activities of liv
ing. They function well above the functional performance
threshold and possess a large reserve. With aging, however,
changes to the various organ systems, particularly the heart
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FIG. 3-1 Functional capacity, measured as Vo2 ma'C, declines with aging. The functional performance
threshold is the minimum criterion required to perform activities of daily living. The amount of reserve de
creases with age, such that the older individual functions closer to the minimal threshold.

and skeletal muscles, reduce the physiological capacity and
reserve (Fig. 3-1). Thus the older adult performs daily rou
tines closer to the functional performance threshold. The
physiological reserve of the older adult is limited. If a decline
in health status results in a functional capacity below this
critical threshold of functioning, the older adult will be un
able to do self-care activities and live independently. Falling
below this critical threshold can result from progressive age
related changes or an extended period of immobility or ill
ness sufficient to lower an older adult's already minimal re
serves. Thus the loss of physiological reserve increases the
risk of disability.
An objective of rehabilitation for older adults is to main
tain physiological capacity and reserve well above the func
tional performance threshold. A person's ability to perform
functional activities is primarily dependent on the integrity
of the cardiovascular system and its ability to influence oxygen
transport and tissue oxygenation. Both the structural and the
physiological changes that occur in the cardiovascular system
with aging influence the reserve capacity and bring the older
adult closer to the functional performance threshold. Specif
ically, the age-related changes in the cardiovascular system
decrease cardiac functional reserve capacity; limit the perfor
mance of physical activity; and lessen the ability to tolerate a
variety of stresses, including cardiovascular disease. The fol
lowing is an example of this concept of functional perfor
mance threshold and the cardiovascular system.
First, consider that in steady-state measures of oxygen
consumption, walking on a level grade at 5 km/h requires 3.2
metabolic equivalent values (METS) (l MET
3.5 ml
02/kg/min). With illness or inactivity, aerobic capacity falls
below the level required for daily tasks. Because exercise can
increase aerobic capacity, it should improve functional status
when aerobic capacity is below the threshold needed for
normal daily function. However, aerobic exercise would not
affect ability to walk at 5 km/h in most adults, whose aerobic
capacity already greatly exceeds 3.2 METS.

Physiologically, aging is associated with a variety of alter
ations in cardiovascular function, yet despite these changes,
the cardiovascular system continues to function reasonably
well in supplying the needs of tissues, at least at
rest. 20,32,33,1()(),I04 When the cardiovascular system is stressed,
during exercise or in response to situations imposing an in
crease in metabolic demand for oxygen, age-related alter
ations are evident and limit function. 4,5,12,16,18,1l7,118 The age
related changes in the cardiovascular system and the impact
on function are summarized in Table 3-2.
Ultimately, it is possible that older persons perceive activ
ities associated with a relatively low metabolic demand as
physically demanding. Certain activities may no longer be
able to be performed whereas others may require frequent
rest periods.
A person's ability to perform functional activities, such as
walking, stair climbing, and carrying packages, is also de
pendent on the integrity of the skeletal muscle system. Activ
ities of daily living require a minimum amount of muscle
strength and muscle endurance. The required muscle
strength and endurance can be referred to as a functional
performance threshold. As men and women grow older, how
ever, these simple activities of daily living may become diffi
cult because of a reduction in muscle mass and muscular
strength. Table 3-3 describes alterations in muscle and func
tion with aging. Weakness of the lower extremities has been
implicated with difficulties in rising from a chair and getting
out of bed, in slow gait speed, and in balance problems and
falls. 1,2,66,120
Thus the lack of functional capacity or falling below the
functional performance threshold of muscle strength and
endurance can lead to a more dependent life-style and ear
lier entry into long-term care facilities. The decrease in func
tional capacity of muscle strength and endurance also con
tributes to the risk of falls, a decline in bone density, and the
incidence of hip fractures and orthopedic injury in older
adults. 3,8,15,83,111 As observed in the cardiovascular system, the
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TABLE 3-2

AGE-RELATED CHANGES IN THE CARDIOVASCULAR AND ARTERIAL
SYSTEMS AND THEIR FUNCTIONS
MORPHOLOGICAL AND STRUCTURAL CHANGES

Heart
i Fat constituents (adipose)
i Fibrous constituents
i Mass and volume
i Lipofuscin (by-product of glycogen metabolism)
i Amyloid content
J. Specialized nerve conduction tissue
J. Intrinsic and extrinsic innervation
i Connective tissue and elastin
i Calcification

FUNCTIONAL SIGNIFICANCE

J. Excitability
J. Cardiac output
J. Venous return

i

Cardiac dysrhythmias

Blood Vessels

i
i
i
i
i
!

Loss of normal proportion of smooth muscle to connective
tissue and elastin constituents
Rigidity of large arteries
Atheroma arterial circulation
Calcification
Dilation and tortuosity of veins

Decreased;

f

=

J. Blood flow to oxygenate tissues
J. Blood flow and risk of clots in venous circulation
J. Cardiac output
J. Venous return

increased

TABLE 3-3

1

MORPHOLOGICAL AND

FUNCTIONAL

STRUCTURAL CHANGES

SIGNIFICANCE

J. Muscle mass
J. Type I fiber number
J. Type II fiber number
J. Type II fiber area

J. Strength and power
J. Fast and strong movements

i
i

Connective tissue
Fat content
J. Oxidative capacity
J. Capillary density
i Contraction time
i Relaxation time
J. Maximal shortening
velocity
J. Motor unit number
i Motor unit size
J. Number of anterior
horn cells
J. Nerve conduction velocity
J. Number of
dihydropyridine receptors
and ryanodine receptors
!

=

Decreased;

f

i

Injury

IIllness I

-2 ~
----(ji.--..
."."..- ... 
......

AGE-ASSOCIATED CHANGES
IN SKELETAL MUSCLE
Physiological
capacity or
reserve

~
~
------ .f:; -~~c;0~a7p~~;~::Ce

... ...•........ ... ::.:::;..........................

.

J. Endurance and sustained power
Slowing of movements
Altered coordination
Altered ability to perform
rapid, changing movements
J. Fine, controlled movements
J. Excitability

J. Excitability, altered
electromechanical
transduction

= increased

change in functional capacity or reserve is not noticed until
the individual is stressed due to exercise or an illness.
A person's rehabilitation potential depends on many fac
tors, e.g., age, cognition, strength, co-morbidities, depres
sion, and medications. Since there is an age-related decline

...... ........

threshold

Time

FIG.3-2 Numbers 1, 2, 3 represent three older adults with differ
ent amounts of physiological reserve. Each adult experiences an ill
ness, resulting in a hospitalization. The amount of physiological re
serve may have a significant impact on the recovery potential.

in physiological capacity, bringing the older person closer to
the functional performance threshold may influence his/her
rehabilitation potential. For example, an older adult with a
large physiological capacity who falls and breaks a hip may
recover immediately with therapeutic intervention. The op
portunity to return to independent living for this individual
is great because he/she did not fall below the threshold of
functioning. In contrast, an individual with a minimal phys
iological capacity has the potential to drop below the thresh
old of functioning after a hip fracture. The rehabilitation
process may be hindered due to the poor health status, and
the benefits of therapeutic intervention resulting in inde
pendent living are unknown (Fig. 3-2).
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PHYSIOLOGICAL CHANGES
Many of the physiological changes associated with aging re
suIt from a gradual loss. These losses may begin in early
adulthood, but due to the redundant make-up of the organ
systems, these losses do not become functionally significant
until the decline is extensive. For example, the kidney can
show an increase in number of abnormal glomeruli without
any change in creatinine clearance. However, at some point,
when the number of abnormal glomeruli increases to a sub
stantial amount, kidney function fails. Based on cross
sectional studies, most physiological organ systems seem to
lose function at about 1% a year beginning around age 30. In
contrast, longitudinal studies suggest that the changes are
less dramatic and do not occur until after the age of 70.6 ,108
Two systems--the cardiovascular and skeletal muscle, which
demonstrate gradual declines in function with age-are dis
cussed after a short review of their anatomy.
REVIEW OF THE CARDIOVASCULAR
SYSTEM AND FUNCTION

Anatomy
The heart is a pump that provides the force necessary to cir
culate the blood to all the tissues in the body. Three layers of
tissue form the heart wall: an outer epicardium, a middle
myocardium, and an inner endocardium. The epicardium is
a serous membrane that consists of connective tissue and
provides a thin protective layer. Blood vessels that nourish the
heart wall are located in the epicardium. The thick middle
layer is the myocardium. It forms the bulk of the heart wall
and is composed of cardiac muscle tissue. Contraction of the
myocardium provides the force that ejects blood from the
heart and moves it through the blood vessels. The smooth
inner lining of the heart wall is endocardium, which permits
blood to move easily through the heart. The endocardium
also forms the valves of the heart and is continuous with the
lining of the blood vessels.
The internal cavity of the heart is divided into four cham
bers: right atrium, right ventricle, left atrium, and left ven
tricle. The two atria are thin-walled chambers that receive

blood from the veins. The two ventricles are thick-walled
chambers that forcefully pump blood out of the heart. The
valves keep the blood flowing in the correct direction. The
valves between the atria and ventricles are called atrioven
tricular valves, whereas those at the bases of the large vessels
leaving the ventricles are semilunar valves.

Function
The major function of the cardiovascular system is to pump
blood through the systemic and pulmonary circulations and
thereby transport respiratory gases (oxygen), nutrients, and
metabolic products (carbon dioxide) to and from tissues.
Thus, cardiac function must be sufficient to meet the de
mands of the working tissues. The overall expression of car
diac function is cardiac output, i.e., the amount of blood
pumped by the heart into the circulation per unit of time (in
the healthy adult, cardiac output is 5.5 L/min). Cardiac out
put depends on two main factors-stroke volume and heart
rate (Fig. 3-3)-and is calculated by the following formula:
Cardiac Output
(ml/min)

=

Stroke Volume X Heart Rate
(ml/cycle)
(cycles/min)

Stroke volume is the amount of blood pumped from a
ventricle each time the ventricle contracts. Stroke volume
depends.{)n the amount of blood in the ventricle when it
contracts (end-diastolic volume) and the strength of con
traction. The end-diastolic volume, the amount of blood in
the ventricle at the end of diastole (or beginning of systole),
is directly related to venous return. The more blood returned
by the veins, the greater the volume in the ventricle to be
pumped out again. In this way, increased venous return in
creases end-diastolic volume, which increases stroke volume.
The amount of blood in the ventricle also affects contrac
tion strength. There is a direct relationship between venous
return, end-diastolic volume, and contraction strength; this
relationship is known as the Frank-Starling relationship of
the heart. As blood fills the ventricles, the cardiac muscle
fibers stretch to accommodate the increasing volume. In re
sponse to this stretch, the fibers contract with a greater force,
which increases the amount of blood ejected from the ven-

Factors Regulating Cardiac Output
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Strength of contraction
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tricle (stroke volume). Conversely, if venous return de
creases, end-diastolic volume decreases, there is less stretch
in the muscle fibers, and contraction strength decreases. The
autonomic nervous system also affects stroke volume byal
tering the contraction strength. Sympathetic stimulation in
creases the contraction strength of the ventricular myo
cardium. When sympathetic stimulation is removed, the
contraction strength decreases.
Heart rate depends on the autonomic innervation and the
intrinsic rhythmicity of the specialized pacemaker cells. The
pacemaker cells, located in the sinoatrial node (SA), acting
alone produce a constant rhythmic heart rate. Regulating face
tors act on the sinoatrial node to increase or decrease the
heart rate to adjust cardiac output to meet the changing
needs of the body. Most changes in the heart rate are medi
ated through the cardiac center in the medulla oblongata of
the brain. This center has both sympathetic and parasympa
thetic components to regulate the action of the heart. Factors
such as blood pressure levels and the need for oxygen deter
mine which component is active. Generally, the sympathetic
impulses increase the heart rate and cardiac output, whereas
the parasympathetic impulses decrease the heart rate.
Baroreceptors are stretch receptors in the wall of the aorta
and in the wall of the internal carotid arteries, which deliver
blood to the brain. As blood pressure increases, the vessels
are stretched, which increases the frequency of impulses go
ing from the receptors to the medulla oblongata. This
prompts the cardiac center to increase parasympathetic
stimulation and to decrease sympathetic stimulation so
heart rate, cardiac output, and blood pressure decrease. As
blood pressure decreases, the frequency of baroreceptor im
pulses also decreases. In response, the cardiac center in
creases sympathetic impulses and decreases parasympathetic
impulses to increase the pressure.
Blood pressure is produced by the pumping action of the
heart and influences cardiac output. The term blood pressure
refers to arterial blood pressure, the pressure in the aorta and
its. branches. The pressure in the arteries is greatest during
ventricular contraction (systole) when blood is forcefully
ejected from the left ventricle into the aorta; this is called sys
tolic pressure. Arterial pressure is lowest when the ventricles
are in the relaxation phase (diastole) of the cardiac cycle just
before the next contraction; this is referred to as diastolic
pressure. Pulse pressure is the difference between systolic and
diastolic pressures. Four major factors interact to affect
blood pressure. These factors are cardiac output, blood vol
ume, peripheral resistance, and viscosity. Each one has a di
rect relationship to blood pressure.
Cardiac output is the amount of blood pumped by the
heart in 1 minute (5.5 Llmin). Anything that increases either
the heart rate or the stroke volume will increase cardiac out
put and also increase blood pressure. When either heart rate
or stroke volume decreases, cardiac output decreases, which
decreases blood pressure.
The volume of blood in the body directly affects blood
pressure. Although blood volume varies with age, body size,
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and gender, the normal average is more than 5 L for adults.
Any changes in blood volume-severe hemorrhage, vomit
ing, or reduced fluid intake-are accompanied by corre
sponding changes in blood pressure. When blood volume
decreases, blood pressure also decreases. If the body retains
too much fluid, blood volume and blood pressure increase.
Peripheral resistance is the opposition to blood flow
caused by friction of the vessel walls. Increased peripheral
resistance causes an increase in blood pressure. Vasocon
striction decreases the vessel diameter and increases resis
tance, which subsequently increases blood pressure. When
blood vessels lose their elasticity, their resistance increases
and so does blood pressure. An increased peripheral resis
tance results in increased blood pressure because the heart
has to pump more strongly against this increased resistance
to flow. This increased resistance to flow is defined as the af
terload and refers to the work carried out by the heart in
pumping against the arterial resistance.
Viscosity is a physical property of blood that refers to the
ease with which the molecules and cells slide across each
other. Viscosity opposes the flow of a fluid. Normally the vis
cosity of blood remains fairly constant, but it changes when
either the number of blood cells or concentration of plasma
proteins changes. If the number of erythrocytes increases,
the blood becomes more viscous and blood pressure in
creases.
The arterial blood pressure is maintained within normal
ranges by changes in cardiac output and peripheral resis
tance as expressed in the following formula:
Blood Pressure

Cardiac Output X Total Peripheral Resistance

As previously stated, baroreceptors respond when the
walls are stretched by sudden increases in pressure. The im
pulses of the baroreceptors are transmitted to the cardiac
and vasomotor centers in the medulla oblongata. The cen
ters respond by sending out signals that decrease heart rate
(decrease cardiac output) and cause vasodilation (decrease
peripheral resistance). These actions return blood pressure
toward normal. The baroreceptors are important for
moment-by-moment blood pressure regulation. Thus, both
the sympathetic and parasympathetic divisions of the auto
nomic nervous system innervate the heart, whereas blood
vessels are predominantly innervated by the sympathetic
nervous system (Fig. 3-4).
With exercise, increased skeletal muscle activity results in
an increased demand for oxygen. The accumulation of
metabolites in the working skeletal muscle dilate blood ves
sels in the active skeletal muscle tissue, thus increasing blood
flow and oxygen supply to that tissue. This increase in blood
flow to the active tissue is at the expense of blood flow to
other tissues unless the cardiac output is increased. However,
cardiac output is increased reflexively. Specifically, vascular
dilation and increased blood flow to the active skeletal mus
cle tissue result in a decreased total peripheral resistance.
The decreased total peripheral resistance is sensed as a fall in
blood pressure, resulting in a reflex increase in cardiac out
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Sympathetic
-Control of total peripheral resistance
-Control of tissue blood flow

Parasympathetic
-Control of heart rate

Heart

Blood Vessels

FIG. 3-4 The heart is innervated by both the sympathetic and parasympathetic fibers, whereas the blood
vessels are predominantly innervated by sympathetic fibers.

put. Hence, working skeletal muscles or tissue demands de
termine cardiac output.
The cardiac cycle refers to the alternating contraction and
relaxation of the myocardium, coordinated by the conduc
tion system, during one heartbeat. The atria contract at the
same time, then they relax while the two ventricles simulta
neously contract. The contraction phase of the chambers is
called systole; the relaxation phase is called diastole. When
the terms systole and diastole are used alone, they generally
refer to action of the ventricles. With a normal heart rate of
72 beats per minute, one cardiac cycle lasts 0.8 second. The
cycle begins with atrial systole when both atria contract.
During this time, the atrioventricular valves are open, the
ventricles are in diastole, and blood is forced into the ventri
cles. Atrial systole lasts for 0.1 second, then the atria relax
(atrial diastole) for the remainder of the cycle, 0.7 second.
When the atria finish their contraction phase, the ventricles
begin contracting. Ventricular systole lasts for 0.3 second.
Pressure in the ventricles increases as they contract. This
closes the atrioventricular valves and opens the semilunar
valves, and blood is forced into the pulmonary trunk and as
cending aorta that carry blood away from the heart. During
this time, the atria are in diastole and are filling with blood
returned through the venae cavae. After ventricular systole,
when the ventricles relax, the semilunar valves close, the
atrio-ventricular valves open, and blood flows from the atria
into the ventricles. All chambers are in simultaneous diastole
for 0.4 second, and about 70% of ventricular filling occurs
during this period. The remaining blood enters the ventri
cles during atrial systole. The most widely used index of
overall cardiac pump performance is ejection fraction. The
ejection fraction is determined with the end-diastolic vol
ume (preload), the resistance to emptying (afterload), and
the intrinsic muscle performance (contractility).

~

Aging has a direct effect on each component of the car
diovascular system including the heart muscle, blood vessels,
and autonomic nervous system. When considering the car
diovascular system of an older adult, it is necessary to con
sider how the system is able to meet the demands of the
working tissues despite altered cardiac and arterial function.

Age-Related Structural Changes in the Heart
Structural changes with aging involve the myocardium, the
cardiac conduction system, and the endocardium. There is a
progressive degeneration of the cardiac structures with ag
ing, including a loss of elasticity, fibrotic changes in the
valves of the heart, and infiltration with amyloid.
The age-associated structural characteristics that have the
greatest impact involve the contractility of the heart's left
ventricular wall (the largest chamber of the heart and the
one from which blood is pumped into the aorta) and the
ability of the arteries to distend in response to the heart's
pumping action (aorta). The heart's left ventricular wall af
fects the heart's pumping capacity because of its ability to
contract quickly, and it fully determines the force and rate at
which blood is pumped into the arteries. The pumping ca
pacity of the heart is reduced with age due to a variety of
changes affecting the structure and function of the heart
muscle.
Heart Mass and Myocytes
For decades, it was thought that the heart undergoes atrophy
with advancing age, but evidence suggests that, if anything,
the opposite may be true. The use of echocardiography has
made it possible to measure accurately left ventricular wall
thickness and chamber size, thus allowing noninvasive and
accurate assessment of left ventricular mass. An age-related
increase in the left ventricular posterior wall thickness of ap
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proximately 25% has been found between the second and
the seventh decades. 53 ,69.106 An increase in heart mass with ag
ing, for the most part, is due to an increase in the average
myocyte size, whereas the number of myocardial cells de
clinesY4
The increase in ventricular wall thickness may represent
both cellular hypertrophy and an increase in noncellular
components. Increases in myocardial collagen, fibrosis, and
lipofuscin take place with aging. Collagen content within
the myocardium increases, and there is a change in physi
cal properties of collagen (due to altered cross-linking).54
The pericardium, composed of bundles of collagen, be
comes stiffer, which contributes to the decrease in compli
ance of the left ventricular wall. Lipofuscin, a brownish
lipid-containing substance, accumulates at the poles of the
nuclei of myocardial cells. Lipofuscin is thought to arise by
the peroxidation of lipid/protein mixtures, and in the my
ocardium increases at a rate of about 0.3 percent per
decade (as a result of free radicals). Thus, at the age of 90,
the pigment occupies 6% to 7% of the intracellular vol
ume. Basophilic degeneration, probably a by-product of
glycogen metabolism, is found within the sarcoplasmic
reticulum (due to glycation).
The progressive deposition of amyloid in the my
ocardium, usually in the atria, occurs in up to one third of
elderly people. This histologic feature of aging, amyloidosis,
is observed in the vasculature and many organs, toO.68 This
protein infiltrates tissue, rending it dysfunctional. Adipose
deposition between muscle cells is also common, resulting in
fattier heart tissue in the ventricles and the interatrial sep
tum. Fat deposits in the interatrial septum may displace con
duction tissue in the sino-atrial node and lead to conduction
disturbances.
Stimulus for Ventricular Hypertrophy (Increased
Mass)
In younger adults, ventricular hypertrophy occurs in re
sponse to an increased cardiac volume or pressure work
load, e.g., during high-resistant weight training. However,
the stimulus for the increase in left ventricular wall thickness
in the older adult is unclear. Age-associated ventricular hy
pertrophy may result from altered systolic blood pressure
and aortic compliance that occur with aging. For example,
with age the volume of blood in the ascending aorta in
creases due to age-related aortic dilatation. This increase in
volume of blood must be advanced by the heart for ejection
to occur; thus there is an increase in work load (afterload)
that has to be performed by the heart. The increase in work
load acts as the stimulus for muscle hypertrophy.
Valves
An age-related increase in valvular circumference has been
reported in all four cardiac valves (aortic semilunar valve,
pulmonary semilunar valve, bicuspid valve, tricuspid valve),
with the greatest changes occurring in the aortic valve (the
valve between the left ventricle and the aorta). The aortic
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valvular circumference approaches that of the mitral valve
(bicuspid valve located between the left atrium and left ven
tricle) by the tenth decade of life. 69 The age-associated in
crease in valvular circumference does not appear to be asso
ciated with valvular incompetence. Other valvular changes
with aging include thickening and calcification of the cusps
and leaflets. These changes do not usually cause significant
dysfunction, although in some older adults, severe aortic
valvular stenosis and mitral valvular insufficiency are related
to degenerative changes with age. Clinical heart murmurs
are detected more frequently.
Myocardial Subcellular Changes
Subcellular changes take place within the myocardial cells.
The nucleus, containing DNA, becomes larger and may show
invagination of its membrane. Nucleoli (the dense body
within the nucleus that contains a high concentration of
RNA) increase in size and number. The chromatin shows
clumping, shrinking, fragmentation, or dissolution, and
there is an increased likelihood of finding chromosomal ab
normalities (due to DNA damage). The mitochondria show
alterations in size, shape, cristal pattern, and matrix density,
which reduce their functional surface (due to accumulation
of damage). The cytoplasm is marked by fatty infiltration or
degeneration, vacuole formation, and a progressive accumu
lation of pigments such as lipofuscin. The combined age
related changes in the subcellular compartments of the cells
result in decreased cellular activities such as altered ho
meostasis, protein synthesis, and degradation rates.
Cardiac Muscle Compliance
In general, the walls of the heart become less compliant with
age. The decreased capacity of the left ventricular wall to ex
pand during diastole results in a reduced and delayed filling
of the left ventricle. Subsequently, during the systolic (emp
tying) phase of the cardiac cycle, the left ventricle contracts
less and ejects less blood (Frank-Starling relationship). In
creased left atrial size is another age-related change that is
thought to be related to an age-related decrease in left ven
tricular compliance, resulting in a decreased rate of left ven
tricular filling. Again, the decline in left ventricular compli
ance provides an increase work load on the atria, resulting in
hypertrophy of the atria.

Age-Related Structural Changes in the Blood
Vessels
In addition to the changes in the heart muscle itself, there are
effects of aging on the arteries that further compromise the
system's ability to distribute blood to the working tissues.
Blood vessels require varying degrees of distensibility or
compliance depending on their specific function. The for
ward motion of blood on the arterial side of the circulation
is a function of the elastic recoil of the vessel walls and the
progressive loss of pressure energy down the vascular tree.
The peripheral vasculature provides the delivery system by
which blood pumped by the heart reaches the various body
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tissues, therefore age-related changes in the blood vessels
may limit the maximal perfusion of these tissues and affect
cardiac performance as well. The decrease of elasticity of the
arterial vessels with aging may result in chronic or residual
increases in vessel diameter and vessel wall rigidity, which
impair the function of the vesseL
One important set of changes involves the aorta, the
chamber into which blood is ejected at each contraction of
the heart muscle. In general, the wall of the aorta becomes
less flexible, or shows an increase in wall stiffness, so that the
blood leaving the left ventricle of the heart is faced by more
resistance and cannot travel as far into the arteries. This
change in wall stiffness can be attributed to changes in the
elasticity of the vesseL There is a decrease in the amount of
elastic fibers and an increase in collagen fibers. The collagen
fibers are altered and less flexible (possibly due to an increase
in cross-linking).
Second, the aorta acts as a buffer for the total blood vol
ume in the arterial system because about one half of the
stroke volume is stored in the aortaY Up to the age of 60, the
aortic buffering capacity is not decreased by the increased
aortic wall stiffness. This is possible because the increase in
aortic volume accommodates a given volume injected into it
with less change in radius. This factor is known as volume
elasticity (change in pressure for a given volume change).
Thus the volume elasticity shows no age-associated changes
up to about 60 years. However, after the age of 60, there is a
marked decrease in volume elasticity. As the aorta stiffens
with age, less diastolic aortic recoil occurs and results in a de
creased aortic contribution to forward flow. Functionally,
the aorta will not be able to propel the blood volume toward
the systemic circulation.
Age-associated changes also occur in the more peripheral
vessels (arteries and capillaries) and have a significant influ
ence on the ability to propel the blood toward the capillaries
and working tissues. In general, the walls of the arteries
throughout the body become thicker so that they, too, are
less flexible and stiffer (altered elasticity). Changes in the ar
terial stiffness with aging are accompanied by an increase in
arterial diameter.26.121 The stiffness of large arteries is associ
ated with a loss in capacity to increase in diameter when
needed to accommodate larger blood volumes. Thus, there is
a decrease in arterial distensibility and compliance. 55,73.95
The age-associated increase in arterial stiffness is thought
to result from a diffuse cellular process that occurs in the
vessel wall. There is an increase in chondroitin sulfate and
heparin sulfate and a decrease in hyaluronate and chon
droitin content. There is a relative loss of elastin fibers and
an increase of collagen and collagen cross-linking. 96 The gly
coprotein component of elastin fibrils decreases and eventu
ally disappears, becomes frayed, and its calcium content in
creases.97
Impedance of blood flow through the arteries is further
influenced by the accumulation of lipids that occurs over the
individual's lifetime. The normal effects of aging include an
increase in the concentrations of total plasma cholesterol,

triglycerides, and the low- and very-low-density lipopro
teins (LDLs and VLDLs) that transport these substances
through circulation of the blood. Table 3-2 identifies the
changes in arterial structural and functional properties with
aging.
The walls of veins may become thicker with age because
of an increase in connective tissue and calcium deposits. The
valves also tend to become stiff and incompetent. Varicose
veins develop. Because of low blood pressure in veins, these
changes probably are not significant for cardiovascular func
tion. They may be of concern because of the possibility of
phlebitis and thrombus formation.
Function
The structural changes in the aorta and other large arteries
are reflected clinically in a rise of the systolic pressure and
widening of pulse pressure with advancing age. These histo
logical, morphological, and stiffness changes found in the
aging aorta and arteries are similar to those seen with essen
tial hypertension.
The age-related increase in arterial stiffness may have an
important impact on myocardial performance. The stiffer
aorta with no change in heart rate can result in higher sys
tolic ventricular pressure and decreased aortic diastolic pres
sure. Increases in ventricular diastolic pressure and volume
may be observed. Such hemodynamic changes occurring in
the older heart due to increased aortic stiffness require
greater left ventricular stroke work and result in increased
wall tension and myocardial oxygen consumption during
systole. Thus, these findings suggest that the resistance to
ventricular emptying increases with age; this increase in af
terload may explain, at least in part, the age-related increase
in left ventricular mass. The age-associated increases in arte
rial stiffness and pressure can be modified by life-style and
diet because arterial stiffness varies inversely with aerobic
capacityYs
Venous Circulation
The venous circulation is dependent on its being highly
compliant to accommodate the greatest proportion of the
blood volume at rest. Although the mechanical characteris
tics of venous smooth muscle have been less well-studied
compared with arterial smooth muscle, the efficiency of its
contractile behavior can be expected to be reduced with ag
ing. Further, its electrical excitability and responsiveness to
autonomic nervous systems tend to be less rapid and less
pronounced.

Blood
The blood appears to be rather resistant to the aging process
and under normal conditions blood values remain normal.
The volume and composition remain consistent. Blood cells
retain their normal size, shape, and structure.
The amount of red bone marrow decreases with age so
the capability for blood cell formation decreases, but the he
mopoietic mechanisms are still adequate for normal replace
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ment so that blood counts and hemoglobin levels stay within
normal ranges. Unusual circumstances, such as hemorrhage,
may put a strain on the hemopoietic mechanism so it takes
longer to rebuild after a hemorrhagic event.
In summary, arteries increase in diameter and wall thick
ness with aging, and these changes are associated with an in
crease in arterial wall stiffness and with a reduction in vol
ume elasticity. Age-related alterations in the blood vessels do
not appear to limit function and only are manifested upon
stressful situations.

Age-Related Changes in the Electrical Conduction
System of the Heart
With aging, the heart's conduction system changes such that
the frequency and regularity of cardiac impulses may be
come abnormal (dysrhythmia). First, cardiac conduction is
affected by the decrease in the number of pacemaker cells in
the sinoatrial node with age. 67 Beginning by age 60 there is a
pronounced "falling out:' or decrease, in the number of
pacemaker cells in the sinoatrial node, and by age 75 less
than 10% of the cell number found in the young adult re
mains. A less dramatic cellular decrease is noted in the atrio
ventricular node and the intraventricular bundle of His.
Although this loss in specialized conduction cells is mod
erate, it is also associated with fibrotic changes in the spe
cialized nerve conduction system. 109 With advancing age,
there is an increase in elastic and collagenous tissue in all
parts of the conduction system. Fat accumulates around the
sinoatrial node, sometimes producing a partial or complete
separation of the node from the atrial musculature. This oc
currence in extreme cases may be related to the development
of sick sinus syndrome. Fibrous infiltration of the bundle of
His and bundle branches is common. A variable degree of
calcification of the left side of the cardiac skeleton, which in
cludes the aortic and mitral anuli, the central fibrous body,
and the summit of the interventricular septum, occurs. Be
cause of their proximity to these structures, the atrioventric
ular node, A-V bundle, bifurcation, and proximal left and
right bundle branches may be damaged or destroyed by this
process, resulting in so-called primary or idiopathic block.
Several features of the electrocardiogram are altered by
normal aging based on the structural changes with age (Fig.
3-5). Although resting heart rate is not age-related, the P-R
and Q-T intervals show small increases with age. 102 The age
related increase in the P-R interval has been shown to be due
to conduction delay occurring proximal to the bundle of
His. 3! The conduction time from the bundle of His to the
ventricle is not altered. There is a leftward shift of the QRS
axis with advancing age, perhaps reflecting a variable degree
of fibrosis in the anterior fascicle of the left bundle branch as
well as mild left ventricular hypertrophy. The S-T segment
becomes flattened, and the amplitude of the T wave dimin
ishes.
Fifty percent of older persons have been reported to have
electrical conduction abnormalities at rest, which has con
siderable implications for the mechanical behavior of the
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FIG. 3-5 The electrocardiogram shows age-related changes as de
scribed in the text.

heart and the regulation of cardiac output, particularly when
stressed during activity and exercise. 24
In summary, the heart pumps less effectively with age.
Additionally, changes with age in the integrity of the valves
and those changes in the ventricles result in less efficient
pumping action of the heart. 58 The age-related anatomical
and physiological changes of the heart and blood vessels re
sult in reduced capacity for oxygen transport at rest and, in
particular, in response to situations imposing an increase in
metabolic demand for oxygen. Therefore, older individuals
may experience fatigue with minimal exertion and may no
longer be able to perform certain activities. The functional
capacity and reserve decrease, bringing the older individual
closer to the minimum criterion of functioning.

Age-Related Physiological Changes ofHeart Rate,
Stroke Volume, Ejection Fraction, Cardiac Output,
and Blood Pressure
Heart Rate
Heart rate is determined by the influence of the autonomic
nervous system on the intrinsic pacemaker activity of the
sinoatrial node. The parasympathetic and sympathetic ner
vous systems interact in controlling heart rate, the parasym
pathetic system acting through the vagus to slow the heart
and the sympathetic system acting to increase heart rate. In
young adults, the resting heart rate is normally reported to
be about 70 beats/min and to be under predominantly vagal
inhibitory control at rest.
Since resting heart rate is controlled by the autonomic
nervous system, it can be affected by emotional factors and
by changes in posture. Resting heart rate is also determined
by fitness, so a very fit individual may have a low resting
heart rate with a concomitantly higher resting stroke vol
ume. Hence, resting heart rate changes with age may be rel
atively difficult to interpret.
Supine resting heart rate is widely reported to be un
changed by aging.38.45.101 In contrast, sitting-position heart
rate decreases with age. IOI Respiratory sinus arrhythmia,
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which is the variations in heart rate due to respiration (dur
ing inspiration heart rate increases), and heart rate Variabil
ity decrease with aging. 36,105
The diminished heart rate variability is observed during
postural stress with a simultaneous diminished change in di
astolic blood pressure (even in the absence of overt postural
hypotension). The interaction of age and posture on heart
rate suggests that age-associated changes occur in mecha
nisms that regulate heart rate. Hence, diminished heart rate
variability and respiratory sinus arrhythmia with age may
represent altered autonomic reflex function, including re
duced vagal control. A shift in the balance of autonomic con
trol of the heart from vagal to sympathetic occurs with age.
In addition, the number of pacemaker cells in the sino
atrial node declines with age, so that by the age of 70 years
only about 10% of the number found in young adults are
present,32 This decline in pacemaker cell number may, in
part, explain the decreased heart rate.
In contrast to resting heart rate, maximum exercise heart
rate is a much more constant parameter. Maximum heart
rate, which is the heart rate achieved at the point when no
further increase in maximum oxygen consumption is ob
served despite increases in the intensity of the work load,
shows a linear decrease with age. 30.65,70 For example, the max
imum exercise heart rate in young adults is 200 beats/min
compared with 150 to 160 beats/min in the older adult (Fig.
3-6), The decline in maximal heart rate with age is indepen
dent of habitual activity status,+! whereas the maximal oxy
gen uptake reflects the level of physical fitness as well as the
effects of cardiovascular disease.

Ventricular performance or left ventricular contractility
(ejection fraction) does not show any age-related change.
However, there are several age-related changes in the left
ventricle, including increases in afterload, a reduction in
peak diastolic filling rate, and the increase in wall thickness
and overall mass (described previously).
With increasing age, there is a reduction in the rate of left
ventricular filling during early diastole as reflected by the
rate of closure of the mitral valve. This impairment of left
ventricular filling may derive at least in part from age-related
increases in left ventricular wall thickness, which diminish
ventricular diastolic compliance. To support this, there is
myocardial stiffness and prolongation of isovolumetric re
laxation. Perhaps as a result of this reduction of ventricular
compliance, the left atrium is enlarged with age (increased
work by the atrium). There is evidence of an increase in mi
tral inflow velocity during atrial systole.82
Because of these changes a greater proportion of blood
must enter in late diastole. These changes do not have an im
pact at rest, whereas they have a significant impact during
exercise, limiting maximum cardiac output in exercise when
diastole will be shortened and limiting coronary blood flow.
The decreased left ventricular compliance or increased ven
tricular stiffness may be due to increased amounts of con
nective tissue.
Cardiac Output
Cardiac output at rest is unaffected byage/o.74.94 Maximum
cardiac output and aerobic capacity are reduced with age.
There is a linear decline through the adult years, so the aver
age 65-year-old has 30% to 40% the aerobic capacity of a
young adult. 30

Stroke Volume
Stroke volume is changed little by aging; at rest in healthy
individuals, there may even be a slight increase. 3o.98 Earlier
studies note a decrease in left ventricular end-diastolic vol
ume, but the screening of individuals was not stringent. In
contrast, left ventricular end-diastolic volume may increase
slightly with age when no cardiovascular disease is present,75

Resting Blood Pressure
Blood pressure is a measure of cardiovascular efficiency. Al
though blood pressure is characteristically heightened
among older adults,53.54 there is evidence suggesting that
there are no effects of aging on this index of cardiovascular
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functioning in healthy individuals87 or when physiological
indicators of physical fitness are statistically controlled. A
lack of consistency across different investigations is most
likely related to variations across samples in the incidence of
hypertension, a chronic cardiovascular disorder that involves
elevated blood pressure. The inclusion of individuals with
hypertension in samples of older adults tested for normal
aging effects presents an obvious confounder of the effects of
aging with the effects of disease.
Blood pressure is determined by cardiac output and by
total peripheral resistance. Since cardiac output is little al
tered by age in the healthy older adults, blood pressure in
creases with age are likely to reflect mainly alterations in to
tal peripheral resistance and diminished aortic compliance.
Remember the equation:
Blood Pressure = Cardiac Output X Total Peripheral Resistance

Systolic Blood Pressure vs. Diastolic Blood Pressure
Both systolic and mean blood pressures significantly in
crease from 20 to 80 years. Specifically, systolic blood pres
sure tends to increase with age throughout life, whereas di
astolic pressure increases until the age of about 60 years and
then stabilizes or even falls. 71
The main cause of isolated systolic hypertension in the el
derly, where the systolic pressure increases with age92 (as de
picted in Fig. 3-7), is a decreased arterial compliance (Fig.
3-8). The compliance of the aorta falls by a factor of three to
four over the age range of 20 to 80 years. 36 Even in nor
motensive, rigorously screened volunteers, age-related in
creases in arterial stiffness occur,1I6 and aortic stiffening cor
relates with LDL cholesterollevels.61
In summary, increased left ventricular stiffness, dimin
ished compliance with resulting prolongation of relaxation,
and a reduced rate of early diastolic rapid filling occur with
age. Ventricular diastolic function, therefore, is compro

mised by aging changes, and diastolic filling becomes more
dependent on atrial contraction in older persons. The de
gree of ventricular diastolic impairment due to aging alone,
however, is not usually severe enough to cause clinical heart
failure.
Older adults do not appear to have cardiac limitations at
rest. They are at risk of developing heart failure if hyper
tension or ischemic heart disease is present even though
ventricular systolic function is normal. Some studies have
reported that 45% to 550/0 of patients older than 65 years
with clinical heart failure have normal systolic ventricular
function.9

Age-Related Cardiovascular Response During
Exercise
The preceding section addressed aging changes in cardiac
performance evident at rest. In many organ systems, func
tional impairments may become manifest only under condi
tions that tax the capability of the system-that is, stress,
such as exercise. The following section centers on the age
related changes in the cardiovascular system in response to
aerobic exercise.
Exercise performance is determined by a multistage
continuous treadmill or bicycle test, each successive stage
requiring greater energy expenditure than the preceding
one. The cardiovascular system supports this exercise by
distributing increasing amounts of blood to the working
muscles. The working muscles need sufficient oxygen to
satisfy their increased metabolic requirements. The ability
to deliver oxygen to the working muscles is quantified by
measuring the maximal oxygen consumption (Vo2max),
which is the product of the maximal cardiac output (heart
rate and stroke volume) and maximal systemic arteriove
nous oxygen (a-V02 ) difference. The term maximal sys
temic a-vo2 difference is the difference in the oxygen con
tent of arterial and mixed venous blood. At rest, a-V0 2

NERVOUS CONTROL
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Increased arterial stiffness
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FIG.3-S

Schematic representation of age-related alterations in vascular function.

difference is normally 4 to 5 ml of oxygen per 100 ml of
blood. The large quantity of oxygen still remaining with
hemoglobin provides an automatic reserve by which cells
can immediately obtain oxygen should the metabolic de
mands suddenly increase. Vo 2 max is considered an indica
tor of cardiovascular fitness.
Heart Rate and Exercise
During exercise, the expected rise in cardiac heart rate nec
essary to increase cardiac output in order to provide for the
increased oxygen consumption by the exercising muscles is
much lower in the elderly than in the young. The maximum
achievable heart rate with exercise decreases linearly with
age and may be calculated empirically, using 220 beats per
minute as the maximum in the adult. The age changes can be
calculated by subtracting the age of the individual from the
220 values. Thus, in an SO-year-old the maximal heart rate
that can be achieved while exercising is 220 - SO = 140
beats/min. Although the decline is progressive, the change is
more precipitous after 50 years of age. The age-associated
changes in heart rate influence the maximal cardiac output,
significantly influencing Vo 2max.
Mechanisms for Heart Rate Changes During Exercise
The increase in heart rate during various types of physical
activity is a function of the relative (% of maximum) load or
power output rather than the absolute exercise intensity.
Therefore, to determine possible changes in the regulation of
heart rate, the same relative exercise stimulus must be ap
plied. In older adults, there is a consistent smaller tachycar
dia (increase in heart rate) during both isometric and dy
namic exercise compared with younger adults.
One possibility for the lower response in heart rate in the
older adult is that there is a reduction in cardiac vagal influ
ence on heart rate under resting conditions and that this
limits the degree of reduction in vagal tone possible in re
sponse to exercise. The other possibility is that older adults

have some impairment in f3-adrenergic activation of heart
rate during exercise. For example, there could be lower
synaptic concentration of norepinephrine in older subjects
(due to a diminished neural activation, impaired neuronal
release, and/or enhanced neuronal reuptake); circulating
levels of epinephrine may rise less during exercise in older
adults; or older adults may have impaired f3-adrenergic re
ceptor and/or postreceptor responsiveness.
Stroke Volume and Exercise
At light work loads there is no age-associated difference in
stroke volume, but the stroke output diminishes as effort is
increased toward a maximum. The stroke volume during ex
hausting work is thus 10% to 20% percent smaller than in a
young adult. The ability to increase stroke volume in the
older adult during exercise is achieved with an increase in
end-diastolic volume through the Frank-Starling relation
ship.74,98 The Frank-Starling relationship links the volume
and pressure of blood in the ventricle (filling pressure) to the
force of contraction of the ventric;:ular muscle so that an in
creased filling of the ventricle causes an increased stretch of
the wall and results in an increased force of contraction.
Cardiac Output and Exercise
Cardiac output increases similarly with increasing work
loads in various age groups; however, the mechanism of aug
mentation of cardiac output is different between the age
groups. The young adults demonstrate a large increase in
heart rate from rest to exercise. In young adults, stroke vol
ume increases with exercise because of a large decrease in
end-systolic volume compared to rest. For example, a car
diac output of 15 Llmin is achieved by a heart rate of ap
proximately 135 beats/min and a stroke volume of 115 ml in
the young and a heart rate of 115 beats/min and a stroke vol
ume of 135 rnl in the elderly,98
Therefore, exercise cardiac output is maintained with age.
Importantly, the mechanisms that account for the increase
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in exercise cardiac output differ according to age. In the
young adult, through f3-adrenergic stimulation, there is a
large increase in heart rate and decrease in end-systolic vol
ume. Older adults, likely because of the age-associated de
creased responsiveness to catecholamines, show a failure of
end-systolic volume to decrease and a decreased chro
notropic response to exercise. End-diastolic volume in
creases in the older adult, with a consequent increase in ex
ercise stroke volume. This shift to the Frank-Starling
relationship suggests some impairment of the exercise re
sponse in the older adult.
Role of Afterload
One major determinant of afterload, the characteristic aor
tic impedance to flow, is derived from the relationship be
tween pressure and flow during the cardiac cycle. At low ex
ercise levels in younger individuals, there is a stepwise
increase in stroke volume with increasing work load and no
change in impedance from resting values. In contrast, the
older subjects demonstrate a striking increase in impedance
during exercise, with minimal augmentation of stroke vol
ume. These differences persist through maximal work loads.
Thus, the increased afterload imposed by the vasculature of
older subjects during exercise may be a factor in stroke vol
ume responses (altered ejection fraction). The increased af
terload in the older population may reflect an impaired va
sodilator response to catecholamines on the heart and
peripheral vasculature.
The diminished effect of catecholamines with advancing
age could be secondary to a decrease in impaired target or
gan responsiveness to catecholamines, since plasma cate
cholamine levels during maximal treadmill exercise increase
in the older adult.
Left-Ventricular Contractility and Exercise
Left ventricular systolic performance is well-maintained
with aging under resting conditions but is reduced even in
healthy older subjects during strenuous exercise. Thus the
impaired "pump" performance during exercise appears to be
mediated, at least in part, by age-associated reductions in f3
adrenergic function or responsiveness on the heart.

V0 MAX-MAXIMAL AEROBIC POWER
2

The best physiological measure of an individual's endurance
work capacity is the amount of oxygen consumed at maxi
mal exercise (maximal aerobic power, or Vozmax). Vozmax is
determined by the capacity of the cardiovascular system to
deliver Oz to the working skeletal muscles and the capacity of
the muscles to extract O 2 from the blood to generate energy
(adenosine triphosphate [ATP]). Vo2max is determined by
maximal heart rate and stroke volume (cardiac output) and
maximal arterio-venous oxygen difference. Therefore any
age-related change in these factors could alter Vozmax.
For more than 50 years, cross-sectional studies have repeat
edly demonstrated a significant age-related decrement in
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Vo 2max. Together, these data suggest that exercise capacity or
aerobic performance declines by approximately 1% per
year. 35 Most of the oxygen consumption takes place in skele
tal muscle during heavy exercise. The age-related decline in
skeletal muscle mass, however, does not entirely explain the
decline in Vo2max.
Aerobic performance capacity is most likely determined
by functional integrity in respiration, circulation, and mus
cle metabolism. Part of the age-related decline in aerobic
performance capacity may, therefore, result from a decline in
the quality of skeletal muscle as reflected in the decreased
oxidative capacity, as described in the following.
In early studies, the observed decline in Vo 2max with age
was attributed to a decrease in both maximal cardiac output
and maximal a-Val difference. The decrease in maximum
cardiac output was due to a decrease in both maximum
heart rate and maximum stroke volume. 30 However, systolic
blood pressure and right ventricular end-diastolic pressure
were greater at peak exercise in the older men compared
with younger men. The conclusions drawn from early stud
ies are tentative because they may have included subjects
with coronary artery disease. In addition, maximum aerobic
capacity may have been limited in these studies by noncar
diovascular factors, such as body composition, physical ac
tivity status, and respiratory function.
Thus, the decline in Vo 2max or physical work capacity can
be attributed to, at least partly, age-related reductions. in
maximum heart rate, contractility, and cardiac output in ex
ercise and partly to decreased muscle mass and quality of
skeletal muscle.48
Therapists need not be so concerned about the separation
of aging from its confounding factors. Perhaps their most
important realization is that because of these factors-i.e.,
deconditioning, latent coronary artery disease, and multiple
organ system pathology acting on a substrate that has al
ready been altered by time per se-the presentation of dis
ease may be modified. The potential for rehabilitation may
be limited due to the lack of physiological reserve or capac
ity.Indeed, it is this multifaceted characteristic of human ill
ness that requires the therapist to treat the whole patient
not just the disease or the aging process.
In conclusion, the primary age-associated cardiovascular
changes include a decrease responsiveness of myocardium
and vascular smooth muscle to f3-adrenergic stimulation
and an increase in arterial stiffness with resultant increase
in afterload. Whether these changes are inherent to the ag
ing process or due to a secondary change, such as the in
creasing sedentary life-style, is unknown. The older adult
appears to have adequate cardiac reserve or adaptation,
such as the Frank-Starling relationship or the increased
contribution of atrial contraction to end-diastolic volume,
which maintain normal cardiac function at rest and exer
cise. However, these age-associated changes make the older
adult more prone to develop symptoms in the setting of dis
ease, such as hypertension, coronary artery disease, or atrial
fibrillation.
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REVIEW OF THE SKELETAL MUSCLE
SYSTEM AND FUNCTION
Skeletal muscles contract in order to perform four major
functions: movement, posture, joint stability, and heat pro
duction. An individual skeletal muscle may be made up of
hundreds, or even thousands, of muscle fibers bundled to
gether by specific connective tissue covering. Muscles are at
tached to bones by tendons.

Anatomy
Each skeletal muscle fiber is a single cylindrical muscle cell
composed of typical cellular organelles (nucleus, sarcoplas
mic reticulum). The sarcoplasm of muscle cells is packed
with myofibrils composed of actin and myosin myofila
ments. Actin and myosin are considered the major force
producing proteins in skeletal muscle. The arrangement of
the actin and myosin myofilaments form the basic unit of
muscle, the sarcomere. The individual muscle fibers are
arranged in parallel to form fasciculi, which in turn make up
muscle. Skeletal muscles have an abundant blood and nerve
supply.
Skeletal muscle contraction is the result of a complex se
ries of events, based on chemical reactions and mechanical
reactions, at the individual muscle fiber level. This chain of
reactions begins with stimulation by an alpha motor neuron
and ends when the muscle fiber is again relaxed. Skeletal
muscles are stimulated to contract by special nerve cells
called alpha motor neurons. As the axon of the alpha motor
neuron penetrates the muscle, the axon branches, so there is
an axon terminal for each muscle fiber. A single alpha motor
neuron and all the muscle fibers it stimulates is a called a

motor unit.
The region in which an axon terminal meets a muscle
fiber is called the neuromuscular junction. Acetylcholine, a
neurotransmitter, is contained within synaptic vesicles in the
axon terminal and diffuses across the synaptic cleft to acetyl
choline receptors. Receptor sites for the acetylcholine are lo
cated on the sarcolemma. Acetylcholinesterase rapidly inac
tivates the acetylcholine. This ensures that one nerve
impulse will result in only one muscle impulse and only one
contraction of the muscle fibers. Skeletal muscle contraction
is produced by simultaneous and synchronized contraction
of muscle fibers.
The energy source for muscle contraction is ATP. Energy
from ATP is needed for the actin and myosin to generate
force. Muscles have limited storage capacity for ATP, thus the
ATP supply is replenished by creatine phosphate, glucose,
and fatty acids. Fatty acids and glucose become the primary
energy sources when muscles are actively contracting for
extended periods of time. Oxygen is required for the break
down of fatty acids and glucose to ATP. When adequate oxy
gen is available, glucose is metabolized via aerobic metabo
lism or respiration to produce ATP. If adequate oxygen is not
available, the mechanism for producing ATP from glucose is
anaerobic metabolism (glycolysis). Aerobic metabolism pro
duces nearly 20 times more ATP per glucose than the anaer

obic pathway, but anaerobic metabolism occurs at a faster
rate. Limited amounts of oxygen can be stored in muscle
fibers. Myoglobin contains iron groups (hemoglobin) that
attract and temporarily bind with oxygen. When the oxygen
levels inside the muscle fiber diminish, the oxygen can be
supplied from myoglobin.
Skeletal muscle is composed of two main skeletal fiber
types. The type II, fast-twitch fibers, have a lower oxidative
capacity, little myoglobin, greater glycolytic potential, and a
faster twitch response than the slow-twitch, type I fibers. The
type I fibers are also known as fatigue-resistant fibers because
of their metabolic qualities that include greater mito
chondrial density, capillary density, and myoglobin content.
With the exception of postural muscles, most human skele
tal muscle is composed of both fiber types. During slow,
low-intensity exercise, most of the muscle force is generated
by the type I fibers. During higher intensity exercise, both
type I and type II fibers are recruited.
The sarcoplasmic reticulum is a specialized form of
smooth endoplasmic reticulum that stores calcium ions in
muscle. The properties of the sarcoplasmic reticulum are the
strongest determinants of the speed of contraction of the
isometric twitch. The rates of sarcoplasmic reticulum cal
cium uptake are strongly correlated with the contraction
time of the isometric twitch.
Two proteins participate in sarcolemmal excitation
sarcoplasmic reticulum calcium release: dihydropyridine re
ceptor, a voltage-gated calcium channel, and a calcium release
channel, a ryanodine receptor. The dihydropyridine receptor
is expressed in the transverse tubule, and it elicits calcium re
lease from the sarcoplasmic reticulum through a hypothetical
mechanical interaction with the ryanodine receptor.

Function
Muscle force or strength, is proportional to the cross
sectional area of the muscle fibers. Speed of contraction is an
important characteristic of muscle performance. This prop
erty is important because the velocity of movement and the
power generated by muscle can have greater relevance than
absolute muscle strength in the 'ability to perform a number
of activities of daily living, to independence, and to func
tional capacity. Maximal shortening velocities in a muscle
depend on several factors. First, total shortening and short
ening velocity are the sum of the movements of actin and
myosin filaments. The velocity also depends on the load on
the muscle; the force-velocity relationship stresses this con
cept. Muscles lift a heavy load slowly but can shorten rapidly
when lightly loaded. Velocity of shortening is also dependent
on the molecular properties of the myosin isoform synthe
sized within the muscle fiber. There is a direct proportional
ity between the ATPase activity, ability to hydrolyze ATP, and
shortening velocity. Type II skeletal muscle fibers hydrolyze
ATP faster than type I fibers, resulting in faster shortening
velocities. Power, or work/time, is the product of force and
velocity. Muscular endurance is the ability to perform exer
cise over a prolonged period of time. The endurance of a
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muscle is a function of the fiber composition and the oxida
tive capacity of the muscle. The endurance capability of a
muscle depends on the balance between energy output and
energy supply. The ability of the blood flow to supply oxygen
to the mitochondria in skeletal muscles and the capacity of
the muscle fibers for oxidative metabolism determine en
durance.
Aging has a significant effect on the components of the
skeletal muscle system, including the alpha motor neurons,
neuromuscular junction, excitation-contraction coupling,
and contractile proteins. When examining the skeletal mus
cle system of an older adult, it is important to consider how
this system is able to meet the demands required for activi
ties of daily living.

Age-Related Changes in Skeletal Muscle
Skeletal muscle undergoes major structural and functional
adaptations in response to physical inactivity, just as it does
in response to disease, nutritional status, and obesity, and
these effects must be· considered when examining the inde
pendent effects of aging on muscle structure and function.
Age-related reductions in muscle mass are a direct cause of
declines in muscle strength with aging. This reduction in
muscle strength is a major cause of disability in the older
adult since strength and power are major components of
gait, balance, and the ability to walk. 13
Reductions in Muscle Mass
Aging is associated with decreases in total muscle cross
sectional area, amounting to approximately 40% between
the ages of 20 and 80 years (Fig. 3-9). Reductions in leg mus
cle cross-sectional area have been observed to begin in early
adulthood and accelerate beyond 50 years of ageY This re
duction in muscle cross-sectional area is accompanied by in
creases in noncontractile structures such as fat and connec
tive tissue. 88•95 Thus, the girth or volume measurements of
muscle, used commonly in the clinic, may not show the ac
tual reduction in the contractile proteins responsible for
force generation (actin and myosin). Net growth or the
maintenance of muscle mass occurs as a result of the balance
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between protein synthesis and degradation. The rates of
skeletal muscle protein synthesis decline with age and may
also contribute to muscle atrophy and repair process after
injury.46
Reduction in Muscle Fiber Number
The total number of muscle fibers is significantly reduced
with age, beginning at about 25 years and progressing at an
accelerated rate thereafter. 77 The decline in muscle cross
sectional area is most likely due to decreases in total fiber
number, especially type II fast-twitch glycolytic fibers.77 The
loss of muscle fibers is followed by a replacement with fat and
fibrous tissue and a gradual increase in non-muscle tissue.
Changes in Muscle Fiber Size
The size of the individual fast-twitch type II fibers decreases
with age (vastus lateralis, tibialis anterior, and biceps
brachii), whereas the slow-twitch type I fiber size does not
change. 56.77 For example, in the third or fourth decade of life,
the mean cross-sectional area of individual fast-twitch type
II fibers in the quadriceps femoris muscle exceeds that of
. slow-twitch type I fibers by approximately 20%. By the age
of 85 the area of individual fast-twitch type II fibers is less
than 50% of that of slow-twitch type I fibers.21.113 In addi
tion, small, angulated fibers and grouped atrophy are com
monly seen in muscles of older men and women. These
morphological changes are similar to changes that are ob
served in skeletal muscle diseases.
The reduction in number of muscle fibers contributes
more to the decrease of whole muscle cross-sectional area
than does the reduction in area of individual fibers. The
findings that individual fast-twitch type II fibers decrease in
cross-sectional area suggest that the relative contribution of
fast-twitch type II fibers to force generation is less in the
older adult.
It is not surprising that most reduction in muscle fiber
cross-sectional area is seen in type II fibers, particularly the
lIb fibers (fast-twitch, predominantly glycolytic and readily
fatigable). Order of recruitment of motor units and there
fore muscle fibers dictates that type I fibers will remain in
relatively regular use, even in older adults, whereas the type
II fibers and particularly the lIb fibers will rarely be recruited
and therefore are subject to disuse atrophy. These changes
have a significant impact on force production and sustained
power production.
Motor Unit Number and Size
There is a decrease in total number of motor units with
age. 22•24 The average motor neuron loss from the second to
tenth decade is approximately 25%. The loss of motor neu
rons seems to be uniform within and between the seg
ments.ll2 The decrease in motor unit number is accompa
nied by an increase in size or innervation ratio, such that on
average, each motor neuron innervates more muscle fibers
in the older adult. The increase in size of the motor unit is
found primarily in the muscles of the lower limb, particu

I

l

46

Part One

FOUNDATIONS OF GERlATRIC PHYSICAL THERAPY

lady in persons 60 years old, and more in distal than in prox
imal muscles.
Electrophysiological studies have shown a reduced num
ber of functioning motor units with increasing age, mainly
after age 60 in both proximal and distal muscles. Loss and
dysfunction are observed among the largest and fastest mo
tor units, i.e., type II motor units.39
Axon
The loss of motor neurons is accompanied by a reduction in
both the numbers and diameters of motor axons. There is an
age-related reduction in the numbers of large and interme
diate myelinated ventral root fibers but no significant reduc
tion of the small nerve fibers. This preferential loss is esti
mated to be approximately 50/0 from young age to old age.
Quantitative electromyography (EMG) has shown changes
in both duration and amplitude of motor unit action poten
tials with increasing age. 62 Axonal nerve conduction veloci
ties of all motor nerve fibers are uniformly slowed with ag
ing. This suggests that with aging, the alterations in
conduction velocities could reflect a variety of changes in the
nerve fibers, such as a dropout of the largest fibers, a seg
mental demyelination, and a reduced internodal length. In
addition, the mean soma size of motor neurons is reduced
with age with accumulation of lipofuscin.

Neuromuscular Junction
The neuromuscular junction is the crucial link between the
motor neuron and the muscle. Normally, the junction has a
high safety factor, meaning that the arrival of an action po
tential at the nerve terminal results in an action potential in
the muscle fiber. The motor end plates have been noted to
undergo continuous remodeling during normal develop
ment, maturation, and aging, with gradual changes in both
presynaptic and postsynaptic components.
The number of preterminal axons entering an end plate
increases, and there is increased incidence of branches or
boutons. Th,e convolutions in the motor end plate decrease,
and the sarcolemma becomes smoother. The length of end
plates increases and is composed of a greater number of
smaller conglomerates of acetylcholine receptors. The signif
icance of these changes on the transmission of the action po
tentials and excitation-contraction coupling is, however, not
fully understood. It is possible that these changes are com
pensatory rather than the result of degeneration per se,
thereby preserving neuromuscular function with increasing
age. However, these changes may alter the surface area of the
postsynaptic terminal, resulting in a diminished ability of
the muscle cells to be activated by the motor neuron.
Altered Motor Unit Remodeling
Motor unit remodeling is the natural cycle of turnover of
synaptic connections occurring at the neuromuscular junc
tion by the process of denervation, axonal sprouting, and
reinnervation of the muscle. In aging, however, it appears
that motor unit remodeling is altered. Aging of skeletal mus

cle is associated with a combination of changes in nerve and
muscle cells, resulting in weakened neural influences and a
shift toward "functional denervation" concomitant with se
nile muscle atrophy. Motor unit remodeling is altered such
that type II fibers are selectively denervated and reinner
vated by collateral sprouting ofaxons from fibers of the slow
motor units. This is an attractive theory that accounts for
many observed functional and morphological age-related
changes in skeletal muscle. The reason for altered motor unit
remodeling is unclear; it might result from faster axonal
growth in slow motor units or from their superiority in es
tablishing permanent connections with both type I and II
muscle fibers. It has been suggested that the type II fibers,
which become reinnervated by slow motor unit axons, actu
ally become type I fibers, with respect to physiological and
biochemical properties.72 The fast motor unit axons degen
erate when they no longer innervate muscle fibers.
Terminal sprouting is a mechanism that maintains neu
romuscular contact and is persistent through life. This
process decreases with advancing age. Motor end plate
associated choline acetyltransferase {a marker enzyme for
synapse integrity) and acetylcholinesterase (which is neces
sary for transmitter breakdown) activity also decline with
age. 14 Age-associated motor unit remodeling is a conse
quence of alterations in the normal turnover of synaptic
junctions that results from a cycle of denervation, axonal
sprouting, and reinnervation. In young adults, the turnover
occurs without any alteration in the type of innervation
reaching fibers. With age, however, it is common to observe
an aggregation of type I fibers. This age-associated change
reflects some denervated type II fibers becoming reinner
vated by axonal sprouting from adjacent innervated type I
fibers.
Age-Related Changes in Motor Neurons
Aging beyond 60 years is associated with a reduction in
number oflumbosacral spinal cord motor neurons. ll2 These
decreases appear to be caused by losses of the largest alpha
motor neurons and their myelinated axons in lumbar ventral
roots, with preservation of smaller motor neurons. The sur
viving segmental neurons increase in branching complexity
and exhibit additional collateral growth, perhaps as a com
pensatory mechanisms for the loss of motor neurons and an
increased load due to increased innervation ratios to the
muscle fibers they innervate. With age, the size of slow mo
tor units increases. The number of fibers and the total fiber
area in a given motor unit also increase.
The collected evidence strongly suggests that as age in
creases beyond 60 years, muscle undergoes continuous dener
vation and reinnervation, due to an accelerating reduction of
functioning motor units. This is mediated through a loss of
motor neurons in the spinal cord and myelinated ventral root
fibers. Initially, reinnervation can compensate for this dener
vation. However, as this neurogenic process progresses, more
and more muscle fibers become permanently denervated and
subsequently replaced by fat and fibrous tissue.
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Sarcoplasmic Reticulum, Dihydropyridine Receptor,
Ryanodine Receptor
An age-related change in the properties of the sarcoplasmic
reticulum appears to be the most probable explanation for
the altered twitch contractile properties with age. The age
related slowing of the isometric twitch (prolonged twitch
contraction duration) is, in part, related to an impairment of
the calcium uptake activity of the sarcoplasmic reticulum.
The dihydropyridine receptor and the ryanodine receptor
are key molecules involved in skeletal muscle excitation
contraction coupling. With age there are decreases in the
number of dihydropyridine receptors, ryanodine receptors,
and the dihydropyridine/ryanodine receptor ratio in both
fast- and slow-twitch muscles.
The dihydropyridine receptor is a voltage-gated calcium
channel, and its activation by transverse-tubule membrane
depolarization evokes calcium release from the sarcoplasmic
reticulum through the ryanodine receptor. Contractile pro
teins on binding calcium initiate muscle contraction and
force development. Hence, the dihydropyridine and ryan
odine receptors playa central role in skeletal muscle con
traction. The reduction in the number of receptors alters the
electromechanical transduction leading to muscle force de
velopment, resulting in muscle weakness in the elderly.

Age-Related Changes in Muscle Performance
Strength
Age-related decreases in strength have been well-docu
mented. A variety of limb muscles have been tested during
isometric strength tasks and demonstrate that reductions in
isometric and dynamic voluntary strength become substan
tial by the seventh decade of life and may accelerate there
after. Arm, leg, and back strength decline at an overall rate of
8% per decade, starting in the third decade of life. 10 The rate
of decline is not linear but is slightly lower early in the de
cline and accelerated late in life. Healthy men and women in
their seventh and eighth decades of life demonstrate average
reductions of 20% to 40% in maximal isometric strength in
various muscles.
The age-associated reduction of quadriceps muscle
strength is such that the average 80-year-old is at or near the
minimum level of strength required to rise from a chair. Leg
muscle strength also appears to be related to maximum and
sustainable walking speeds in ambulatory older populations
(Fig. 3-10).
There is evidence to indicate that the muscles in the arms
and legs are affected disproportionately. Loss of muscle
strength in leg muscles is greater than loss in arm muscles
between the ages of 30 and 80 (40% compared with 30%).
Weight-bearing muscles showed greater changes than
non-weight-bearing muscles."o
These age-related reductions are relatively similar for
both male and females. Because of its functional importance
in gait and fall prevention, as well as the accumulated mor
phological, histochemical, and biochemical data, a great deal

-+300

Isometric
strength

_MEV

250

o
15

18

25

35

45

55

65

Age (years)

FIG. 3-10 Maximal isometric strength (Nm) and maximal knee
extension velocity (MEV) with age.

of work has focused on the strength of the quadriceps
femoris group. Studies using concentric isokinetic contrac
tions of the knee extensors and ankle plantar flexors have
shown that aging is associated with a 20% to 40% loss in
strength in both males and females. It has been reported in
both the elbow and knee extensor muscles in men, and the
knee extensors and flexors in women, that age-related decre
ments in strength are less remarkable during isokinetic
eccentric contractions than during concentric contrac
tions. 9o ,91
Muscle weakness may be due to a decline in the ability to
activate the existing muscle mass. It is conceivable that age
related weakness may be caused partly by decreased central
drive and thus a decrease in ability to voluntarily activate a
muscle. The threshold of excitability of the corticospinal
tract increases progressively with age and is significantly
higher in the elderly.99 The weakness may, in part, be due to
loss of muscle mass and therefore in the number of force
generating crossbridges interacting between actin and
myosin. Lastly, the reduction in strength could be attributed
to changes in the intrinsic properties of the remaining skele
tal muscle fibers, a decrease in the force developed by each
actin and myosin crossbridge. There may be a combination
of all three factors contributing to the decline in strength.
The conclusion may be drawn that unknown factors in
addition to a loss of muscle mass must explain the age
associated loss of strength.
Power and Endurance
The power output is governed by (1) the velocity of short
ening and (2) the force-generating capacity of the muscle.
Aging reduces the peak forces that can be generated by mus
cles at fast contraction speeds, resulting in a decrease in peak
power output. Peak power output declines by about 20%
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with age. The decrease in power output results, at least in
part, from motor unit remodeling, which reduces the fast
to-slow-fiber ratio.
The importance of understanding the mechanisms un
derlying these particular muscle properties is supported by
the close association between age-related reductions in lower
extremity power output and functional abilities such as
maximal walking speed and stair climbing ability. This re
duced capacity for rapid-force generation might also limit
the ability to respond quickly to a loss of balance and in
crease the risk of falling.
A decline in muscular endurance is a feature of old age
that contributes to functional loss and disability. Alterations
in muscle, both contractile and metabolic, with advanced
age may contribute to the decrease in muscle endurance. The
alterations include reduced blood supply and capillary den
sity and impairment of glucose transport and therefore of
substrate availability, lower mitochondrial density, decreased
activity of oxidative enzymes, and decreased rate of phos
phocreatine repletion.
Velocity
The maximal speed of muscle contraction decreases with
age. This decrease is reflected in a decrease in the actin-acti
vated myosin ATPase activity and may in part explain the
slowing of movement with age.
With age, the muscle twitch is characterized by prolonged
contraction and one-half relaxation times. Thus, fused
tetanic forces occur at lower stimulation frequencies (an
adaptation that increases muscle efficiency). This adaptation
also lengthens the time for muscle relaxation, thus impairing
the ability to perform rapid and powerful alternating move
ments.
Metabolic Pathways: Glucose Uptake
Aging is associated with decreased glucose tolerance and a
greatly increased incidence of noninsulin-dependent dia
betes mellitus (NIDDM). The decreasing glucose tolerance
of aging is linked to the age-associated changes in body com
position and activity levels. Improved fitness as a result of
aerobic exercise improves glucose tolerance, and exercise
prevents the onset of NIDDM.60
Specifically, glucose tolerance is impaired in persons
older than 60. Insulin resistance is primarily due to defects
in skeletal muscle with age. Levels of Glut-4 protein, the
insulin-regulated glucose transporter in plasma membranes,
decrease in skeletal muscle during maturation but not dur
ing aging. Although the pool of intracellular transporters
does not change, there is an age-associated decline in the
insulin-receptor signaling system. There is a down-regula
tion of tyrosine kinase activity of the insulin receptor, which
explains why there is an age-associated reduction in the
translocation of transporters from the intracellular com
partment to the sarcolemmal membrane. This change in the
insulin-receptor signaling system at the cellular level has a
significant impact on function.

I

Enzyme Activity
Age-related impairments in skeletal muscle metabolism take
place. However, the glycolytic enzymes (phosphorylase,
phosphofructokinase, and lactate dehydrogenase) do not
show age-associated changes. With exercise in the older in
dividual, there is a greater metabolic stress and a decreased
rate of phosphocreatine repletion after exercise.
In contrast, the aerobic enzymes (succinate dehydroge
nase, citrate synthase, and j3-hydroxyacyl-CoA-dehydroge
nase) decline with age. With age, mitochondrial decay oc
curs. This mitochondrial decay includes decreased
mitochondrial content, decreased oxidative capacity, de
creased enzyme activities, and increased mitochondrial
DNA deletions or mutations.
In addition to the decrease in skeletal muscle mitochon
drial capacity, there is a decline in capillary density.27,S!
These changes have a significant impact on aerobic metab
olism, limiting fatty acid oxidation, glucose and lipid
metabolism, and glycogen storage. 57 Functionally, these
changes decrease oxygen uptake by muscle during exercise
and contribute to the decline in Vo2max in older people by
reducing the a-V0 2 difference maximum. 78 ,86 In addition,
the decline in mitochondrial content and function impairs
muscle oxidative and endurance capacity and is, therefore,
likely to contribute to the increase in muscle fatigability that
occurs with aging.
Blood Flow and Capillarity
Sustained muscular performance requires a proper balance
between energy supply and demand. The decreased en
durance capacity of muscle with age likely reflects decreased
blood flow and decreased oxidative capacity, possibly im
pairing energy balance. 25,63 Capillary density decreases with
age and appears to be due to an actual reduction in the total
number of blood capillaries, as both capillary-to-fiber ratio
and the number of capillaries in contact with each muscle
cell is lower in the aged. 28 The reduction in capillarity has
major importance for the ability of muscle to sustain power
output over time.
In summary, maintenance of muscle mass and strength
may be critical for maintaining independent function in the
elderly. Muscle mass and muscle strength decline with ad
vancing age, and the underlying mechanisms responsible for
the altered muscle performance are unclear but most likely
involve multiple levels.

AGE AND EXERCISE
Skeletal and cardiac muscle adaptations occur because of
changes in intensity, duration, and frequency of physical ac
tivity (increase or decrease). The adaptations include alter
ations in morphological, biochemical, and molecular prop
erties. These adaptations that are associated with altered
physical activity lead to altered functional characteristics
from the cellular to the whole tissue and functional perfor
mance levels.
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Exercise training (increase in physical activity) is very
specific. 4 The principle of specificity refers to adaptations in
the metabolic and physiological systems, depending on the
type of overload imposed. It states that strength training in
duces specific strength adaptations and that specific aerobic
exercise elicits specific endurance-training adaptations. Ex
ercise specificity results in enhanced capacity to develop
maximal power after strength training, whereas maximal en
durance is improved after aerobic training. Strength and en
durance training adaptations may occur independently or
concurrently if appropriate training programs are used.

Benefits of Strength Training
Strength training, or resistance exercise, is generally defined
as training in which the resistance against which a muscle
generates force is progressively increased over time. The
maximal weight or resistance a person can lift or move to
complete the movement is defined as one repetition maxi
mum (1 RM). Muscle strength has been shown to increase in
response to training between 60% and 100% of the 1 RM.
The changes in strength-trained muscles are generally lim
ited to adaptations in the muscle itself (Box 3-1). Strength
training increases muscle size, defined as hypertrophy. The
fast-twitch type II fibers show greater hypertrophy than
slow-twitch type I fibers with strength training. This increase
is largely the result of an increase in contractile protein con
tent. The process of muscle hypertrophy is directly related to
an increase in the synthesis rates of myosin. The increase in
total contractile protein with strength training occurs with
out a parallel increase in the total volume of mitochondria
within the cell (decrease in the ratio of mitochondria to cell
volume). This adaptation may have an impact on the capa
bility of the muscle to sustain power output. The changes in
the muscle with strength training may increase the fatigabil
ity of the muscle.
Neurologic factors (neural facilitation) are involved in
strengthening; however, they are observed in the early phases
of a training program before muscular hypertrophy occurs.

Strength Training and the Older Adult
The very old and frail elderly experience skeletal muscle at
rophy, a decrease in muscle mass, as a result of disuse, dis-

Skeletal Muscle
• Increases in resting levels of anaerobic substrates (ATP, CP,
glycogen)
• Increase in fiber size (fast-twitch type II fibers)
• Increase in activity of anaerobic enzyme function (glycolysis)
• Increased capacity for levels of blood lactic acid
• Improved motivation
• Improved pain tolerance
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ease, undernutrition, and the effects of aging per se. Muscle
weakness that accompanies advanced age has been related to
the risk of falling and fracture in these older individuals.
Studies demonstrate that frail elderly men and women, well
into their tenth decade of life, retain the capacity to adapt to
resistance exercise training with significant and clinically rel
evant muscle hypertrophy and increases in muscle strength.
Results from the resistance training studies performed in
the young, middle-aged, elderly, and the oldest old indicate
that it is the intensity of the stimulus, not the underlying fit
ness or frailty of the individual, that determines the magni
tude of the gains in strength and muscle size. For example,
when the intensity of the exercise is low, only modest in
creases in strength are achieved by older persons. 7,76
Whereas, if given an adequate training stimulus (>60% of 1
RM), older men and women show similar or greater strength
gains compared with young individuals as a result of resis
tance training.
Progressive resistance exercise, defined as periodically in
creasing the exercise intensity, is the key element in the suc
cess of the training program with the older adult. For exam
ple, older men responded to a 12-week progressive resistance
training program (800/0 of the 1 RM, three sets of eight rep
etitions of the knee extensor and flexors, 3 days per week, re
evaluation of 1 RM every 2 weeks) by more than doubling
extensor strength and more than tripling flexor strength.
The increases in strength averaged approximately 5% per
training session, similar to strength gains observed in
younger men. 51 ,52
The muscle hypertrophy and increased strength, along
with the changes in body composition and hormonal and
nervous system adaptations associated with strength train
ing, have a substantial impact on the daily activities of living
and functional independence of the elderly. In frail elderly
living in a nursing home, a high-intensity progressive resis
tance training program of 8 weeks' duration increased
strength on the average of 1749'0, with a mean increase in
muscle cross-sectional area of 150/oY These increases in
muscle size and strength were associated with clinically sig
nificant improvements in gait speed, balance, and functional
independence.
Strength training can also have substantial benefits for
protection from injury in the elderly, as falling is strongly re
lated to hip weakness, poor balance, and postural sway. Ex
ercise training in the form of therapeutic rehabilitation that
is instituted after hospitalization due to disease, acute illness,
or surgery has the potential to prevent disability and institu
tionalization in the elderly by enhancing muscle function.4D
Total food intake, and perhaps selected nutrients, can af
fect muscle hypertrophy during a strength-training pro
gram. Progressive resistance training seems to have pro
found anabolic (to build up) effects in the older adult.
Resistance training is therefore an effective way to increase
energy requirements, decrease body fat mass, and maintain
metabolically active tissue mass in older people. Resistance
training may be an important adjunct to weight loss inter
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vention in the older adult. In addition to its effect on energy
metabolism, resistance training improves insulin action in
older adults.
It is clear that the capacity to adapt to increased levels of
physical activity is preserved even in the oldest old. Regularly
performed exercise, in the form of resistance training, results
in a remarkable number of positive changes in elderly men
and women. Because sarcopenia and weakness may be al
most universal characteristics of advancing age, strategies for
preserving or increasing muscle mass in the elderly should
be implemented. With increasing muscle strength, increased
levels of spontaneous activity have been seen in both healthy,
free-living older subjects and in very old and frail men and
women. Thus, resistance training, in addition to its positive
effects on skeletal muscle, insulin action, bone density, en
ergy metabolism, and functional status, may also be an im
portant way to increase overall levels of physical activity in
the elderly.

Benefits ofAerobic Exercise
Aerobic exercise takes place in the presence of oxygen and
involves aerobic metabolism of glucose. The exercise is rela
tively comfortable and can be sustained for 20 minutes to
many hours. Regularly performed aerobic exercise increases
Vozmax, and the extent of change is dependent on the base
line fitness level of the individual and the intensity of the
aerobic training."
The fundamental adaptations of the heart to aerobic
training include a resting and submaximal exercise brady
cardia, increased maximal stroke volume, an increase in left
ventricular end-diastolic volume, improved myocardial con
tractile function, and subtle to moderate increases in myo
cardial mass (Box 3-2). The adaptive response ofVo 2max is
rapid.
The absolute gains in aerobic capacity after aerobic exer
cise training are similar between young and older individu
als. 59 ,Bl However, the mechanism for adaptation to regular
submaximal exercise appears to be different between old and
young people. Older individuals show a greater increase in
oxidative capacity of the skeletal muscles after training. The
skeletal muscle glycogen stores in the older adults are lower
than those of the young adults initially but increase signifi
cantly with exercise. The skeletal muscles of older adults in
crease in capillary densities, mitochondrial enzyme levels,
and ability of muscles to extract oxygen from the blood. 28•8 !
These skeletal muscle adaptations contribute to the rise in
Vozmax in the elderly with training. These skeletal muscle
enzyme adaptations and the increase in blood flow to mus
cle with exercise training raise the Vo 2max in the older per
son by increasing the a-VOl difference maximum, a major
determinant ofVo2 max. 78
The other major determinant of Vo2 max is cardiac out
put. In older adults, left ventricular systolic performance and
diastolic filling dynamics improve with endurance exercise
training. The mechanisms involved for the improvement in
left ventricular systolic performance and diastolic filling in

Skeletal Muscle
Increases in capacity to generate ATP aerobically
Increase in the number of mitochondria
• Increase in the size of mitochondria
Increase in activity of aerobic enzyme function
Increase in skeletal muscle myoglobin content (increase quantity
of oxygen available)
Increase in blood flow within the muscle
• Selective skeletal fiber hypertrophy (slow-twitch type I fibers)
Increase in muscle's capacity to mobilize fat, oxidize carbohy
drate

Cardiac Muscle
Increase in weight and volume (increase in the size of the left
ventricle wall and cavity)
Increase in total hemoglobin and plasma volume
Decrease in resting and submaximal exercise heart rate
Increase in stroke volume at rest and during exercise
Increase in diastolic filling
Increase in maximal cardiac output
Increase in capacity to extract oxygen from the circulating blood
Decrease in systolic and diastolic blood pressure at rest and sub
maximal exercise

response to training are complex. The mechanisms may in
volve the integration of cardiac loading conditions, i.e. hy
pertrophy, Frank-Starling relationship, a reduction in vascu
lar stiffness, and enhanced contractile function in response
to J3-adrenergic stimulation in the trained state.
Although both older men and women respond to en
durance training with an increase in Vo2max, the mechanism
of adaptation is also different. In older men, two thirds of
the increase in Vozmax is due to an augmented cardiac out
put and one third is due to a wider a-v0 2 content difference.
On the other hand, in older women, there is a similar in
crease in Vozmax with training; however the changes in left
ventricular systolic performance and diastolic-filling dy
namics do not occur. Thus, the increase in Vozmax in older
women is due to peripheral adaptations that lead to the en
hanced a-V0 2 content difference. Peripheral adaptations in
clude increases in skeletal muscle capillarization and activity
of mitochondrial marker enzymes, e.g., citrate synthase. The
underlying reasons for this gender-specific adaptation are
unclear but most likely reflect the difference in hormonal
patterns.
The fact that aerobic exercise has significant effects on
skeletal muscle may help explain its importance in the treat
ment of glucose intolerance and NIDDM. A moderate in
tensity aerobic exercise program at 50% maximal heart rate
(HR) reserve, 55 min/day, 4 days/week for 12 weeks without
weight loss results in improved glucose tolerance and rate of
insulin-stimulated glucose disposal and an increase in skele
tal muscle GLUT 4 levels. So, endurance training and dietary
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modifications are generally recommended as the primary
treatment in the non-insulin-dependent diabetic older
person.

Reversing Decline
Although both aerobic and resistance training are recom
mended to improve muscular function in the elderly, only
resistance training can reverse or delay the decline in muscle
mass and strength with aging. Increased strength and mass
can be important steps in maintaining daily functional ac
tivities of independence in older persons in whom "disuse"
atrophy has limited their daily activities. Aerobic exercise has
long been an important recommendation for those with
many of the chronic diseases typically associated with old
age. These include non-insulin-dependent diabetes mellitus,
hypertension, heart disease, and osteoporosis. The incorpo
ration of aerobic and resistance exercise training into the
life-style of older individuals can have a considerable impact
on the functional capacity, physiological reserve, and inde
pendence. Exercise enhances the functional capacity, bring
ing the older adult physically well above the threshold of
performance.
The opposite spectrum of exercise training is inactivity,
or immobilization (a decrease in physical activity). With im
mobilization, there is a significant decline in muscle strength
and endurance. Skeletal muscle mass declines rapidly (atro
phy). In the cardiovascular system, resting and submaximal
heart rates and blood pressure increase, and maximal oxygen
consumption is reduced. Total blood and plasma volumes
are reduced, and blood viscosity is increased along with the
risk of thromboembolism. The rate of deconditioning dur
ing immobilization has been reported to exceed that of exer
cise training, which has particular consequences in the older
individual with less physiological reserve. The effects of im
mobilization are accentuated in older people.

DEVELOPING EXERCISE INTERVENTIONS
FOR THE OLDER ADULT
In a program of exercise for the older adult, it is important
to include aerobic exercise, strengthening, and flexibility
components. 59 In evaluating the older adult for exercise, sev
eral factors need to be considered. First, it is unrealistic to to
tally depend on an exercise tolerance test to develop the ex
ercise program or prescription. 119 Second, a good history,
systems review, and appropriate use of tests and measures
are essential to determine risk factors and associated medical
conditions. 49,s5 Third, it is critical to establish goals con
jointly with the older adult and to obtain commitment of
participation. 103 Both physiological changes and psychoso
cial problems impact the older adult's exercise prescription
and how the program is conducted (Box 3-3).

Exercise Program
The exercise prescription or program should contain aerobic
exercise and resistance training. Increasing evidence indi-

Reduction in the following:
Maximal aerobic power
Cardiovascular reserve
Elasticity of peripheral vasculature
Heat tolerance
Muscular strength
Elasticity of connective tissue
Musculoskeletal flexibility

cates the benefits of both forms of exercise for the older
adult. The exercise prescription, tailored to the individual
older adult, describes the type, frequency, duration, and in
tensity of the proposed activity. It includes information on
the warm-up, conditioning, and cool-down components of
each exercise session.

Resistance Exercise
A decrease in functional mobility and recurrent falls are asso
ciated with the well-documented decline in muscle strength in
older adults. This age-related muscle weakness may be related
to physical inactivity (disuse syndrome), nutritionally inade
quate diet, comorbid disease, and the biological aging process.
Several clinical trials of healthy community-dwelling older
adults younger than 80 have reported increases of 17% to 70%
over baseline maximum isometric strength after 6 weeks of
static exercise.84 A long-term program of strength training is
necessary to sustain improvements in muscle function. This is
particularly important in the elderly, in whom loss of muscle
mass and weakness are prominent deficits. Resistance training
of both the upper extremities and lower extremities can be ac
complished with precautions and supervision and be of sig
nificant value in maintaining basic self-care activities and in
creasing strength and muscle mass. 42•BO
Resistance exercise, or muscle strength training, can be
accomplished by virtually anyone. Many health care profes
sionals have directed their older adult patients away from re
sistance training in the mistaken belief that it can cause
undesirable elevations in blood pressure. With proper tech
nique, the systolic pressure elevation is minimal. Muscle
strengthening exercises are rapidly becoming a critical com
ponent to rehabilitation programs, e.g., cardiac, as clinicians
realize the need for strength as well as endurance for many
activities of daily living. Strength training is an effective
method for developing musculoskeletal strength and is often
prescribed for fitness, health, and the prevention and reha
bilitation of orthopedic injuries.
Definition and Benefits
Strength conditioning, or progressive resistance exercise, is
generally defined as training in which the resistance against
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which a muscle generates force is progressively increased
over time. Progressive resistance training involves few con
tractions against a heavy load. Muscle strength has been
shown to increase in response to training between 60% and
100% of the lRM (the maximum amount of weight that can
be lifted with one contraction). For example, lifting weight
requires that a muscle shorten as it produces force; this is
called a concentric contraction. Lowering the weight, on the
other hand, forces the muscle to lengthen as it produces
force; this is an eccentric muscle contraction. These lengthen
ing muscle contractions have been shown to produce ultra
structural damage that may stimulate increased muscle pro
tein turnover. The metabolic and morphological adaptations
from resistance and endurance exercise are quite different.
Strength conditioning will result in an increase in muscle
size, and this increase in size is largely the result of increased
contractile proteins.
The physiological adaptations most often associated with
strength training include increases in muscle mass, bone
mass, and connective tissue thickness and associated in
creases in muscle strength and endurance. In addition to its
effect on increasing muscle mass and function, resistance
training can also have an important effect on energy balance.
When participating in a resistance-training program, a per
son needs more calories to maintain body weight. This in
crease in energy need is due to increases in resting metabolic
rate and in protein metabolism. Thus, resistance training can
preserve or even increase muscle mass during weight loss.
This aspect of resistance training may be perceived as a ben
efit. Strength training, as part of a comprehensive fitness
program, may reduce the risk of coronary heart disease,
non-insulin-dependent diabetes, and certain types of can
cer. It improves function and reduces the probability of falls
in the elderly. These benefits can safely be obtained when ex
ercise program variables (frequency, volume of training, and
model of training) are manipulated to meet the needs of the
individual.

Risks of Exercise
The possible adverse effects of exercise that are most worri
some are sudden death, injury, and osteoarthritis. The most
serious but least common of these is sudden death, defined as
death occurring either during the actual activity or within 1
hour after it. Although reported rates of sudden death vary
from 4 to 56 times greater than chance, the absolute risk is
low: one cardiac death per 396,000 hours of jogging or one
death per 15,000 to 18,000 exercises per year. 64
There are few data on the risks of injury associated with
the physical activities performed by older adults, such as
walking and gardening. Injuries sustained by participants in
organized exercise programs, which are primarily due to
overuse, are relatively common. The ankle is the joint most
likely to be injured. Most nontraumatic musculoskeletal in
juries in runners are directly related to distance run and in
creasing mileage. Age and obesity do not appear to be con
tributing factors in current studies. There are no good

studies of nontraumatic musculoskeletal injuries related to
walking, cycling, or gardening.
Pre-existent musculoskeletal problems may be a deter
rent to beginning an exercise regimen. More than 50% of
older adults involved in a variety of new activities devel
oped injuries that were exacerbations of preconditions. 79
For previously healthy persons, injury rates ranging from
10% to 50% for both novice and experienced exercisers
have been reported. Significantly lower rates of injury are
associated with low-impact exercise, such as walking, than
with higher-impact activities, such as aerobic dance and
jogging. Almost all organized walk/jog exercise programs
reporting injuries cite the primary involvement of the
lower extremities. Because most participants recover from
the injury and maintain training intensity by substituting
for example an uphill treadmill walk for jogging, high im
pact rather than intensity has been implicated as the cause
of injury.
The fear that the physical activity may stimulate os
teoarthritis or exacerbate a pre-existing condition has kept
some older adults from participating in an exercise program
and may prevent health care professionals from recom
mending that they do so. Because osteoarthritis affects 85%
of all persons 70 years and older, it is important to know
whether activities limit this population.
Physical inactivity may in fact promote osteoarthritis
through repetitive stress placed on joints supported by weak
muscles and stiff tendons. Regular weight-bearing exercise
may help prevent osteoarthritis by improving muscle
strength, increasing bone density, and reducing obesity.
Compliance
Dropout rates as high as 50% from recommended exercise
programs have been documented. 23 Older adults are more
likely to participate in such a program if advised to do so by
their health care provider. Clearly defining the expected
health benefits of exercise, such as lowering blood pressure
and improving longevity, improves compliance. Older per
sons are also more likely to participate in activities that eas
ily fit into their dai~y schedule. Any proposed activity that re
quires transportation, someone to exercise with, special
equipment, or high cost will limit participation. Regular,
stepwise low-level exercise is preferable to infrequent bouts
of strenuous physical activity. Encouragement by health care
professionals by phone may promote compliance with an
exercise regimen.
Thus, some of the declines in cardiovascular and muscu
lar function with aging can be reversed or prevented by aer
obic and resistance exercise training. The adaptations that
occur in response to training are usually related to the ini
tial exercise capacity of the older adult, because exercise
training improves functional declines that are related to be
ing sedentary. Hence, functional improvements in response
to exercise training can be large in older persons and, in rel
ative terms (percent of basal), comparable to that in
younger subjects.
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SUMMARY
Lack of functional capacity leads to a more dependent life
style and earlier entry into nursing homes. Decreased func
tional capacity also contributes to the risk of falls and a de
cline in the physiological organ system. From a health care
point of view, the increased risk of hospitalization is a costly
health problem.
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4

ROKINESIO
IONS IN THE

OUTLINE

are unique to the musculoskeletal system of the aged adult.
The chapter focuses on the age-related changes in periartic
ular connective tissue and not the neuromuscular system per
se. This chapter assumes that natural age-related changes
can occur in joint function even in the absence of disease.
A strict chronological classification of the "aged" adult is
not given since so much variation exists in the manner that
adults actually grow old. Aged, however, is not synonymous
with aging, since technically the aging process begins imme
diately after conception. The aged adult therefore will refer to
the adult whose biological systems have already matured, and
owing to their advanced age, structural and functional joint
changes have occurred or are imminent. These changes may
be extremely subtle and pose virtually no disability, or they
may be extremely profound and result in total disability.
This chapter is organized into three parts. In the first part
the principles and terminology unique to communicating
concepts of arthrokinesiology are reviewed. The basic struc
ture and related function of each. major joint tissue is then
considered. This brief review is followed by the main topic of
the second part, which covers the specific age-related
changes that are known or hypothesized to occur in periar
ticular connective tissues. Finally, this chapter describes how
age-related changes at the tissue level can cause changes in
movement at the joint level.
This chapter should enhance the ability to observe a typical
aged adult and relate some movement or postural dysfunction
to specific mechanical age-related causes within the joint. This
ability should ultimately enhance the therapist's ability to eval
uate and treat the specific physical needs of the elderly.

INTRODUCTION
Arthrokinesialogy is the study of the structure, function, and
movement of skeletal joints. This term combines the word
kinesiology, which is the science of movement, with the
Greek prefix arthra, which means "joint:' The purpose of this
chapter is to address specific arthrokinesiologic issues that

REVIEW OF BASIC PRINCIPLES OF
ARTHROKINESIOLOGY
The first part of this chapter describes the mechanical prin
ciples of arthrokinesiology that govern normal joint func
tion. These principles serve as a foundation for the third
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part, which describes changes in joint mobility and stability
that may be likely in the aged individual.

Bone and Joint Kinematics
Kinematics, as defined with respect to arthrokinesiology, is
the study of the motion within a joint or between bones,
without regard to forces or torques that have caused the mo
tion. 82 Osteokinematics, therefore, describes the motion of a
rotating bone about an axis of rotation that is oriented per
pendicular to the path of the moving bone. For example, if
elbow flexion occurred from the anatomical position, the os
teokinematic motion of the forearm would take place in the
sagittal plane about a mediolateral (ML) axis (Fig. 4-0.
When we move our limbs, the distal bone of an articulation
may move in relation to a fixed proximal bone (see Fig. 4-1),
or the proximal bone may move in relation to a fixed distal
bone. An open kinematic chain describes the linkage of two
bones where the distal bone rotates in relation to a more sta
ble proximal bone. In contrast, a closed kinematic chain de
scribes the movement of a proximal bone rotating in rela
tion to a more stable distal bone. Regardless of which bone
is performing most or all of the rotation, a given bone's os
teokinematic motion is determined by the mechanical
events that have occurred between joint surfaces.
Arthrokinematics describes the relative rotary and transla
tory movements that occur between joint surfaces. 93 Transla
tion, in this context, refers to the glide (or slide) of an artic
ular surface where all points along the bone glide in a
direction somewhat parallel with each other. For example,
glenohumeral abduction may be described as an action of the
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convex humeral head rolling (or rotating) superior and si
multaneously gliding (or sliding) inferior on the concave
surface of the glenoid fossa. The rotary motion of the
humeral head may be likened to a large marble rolling up a
slight depression on the glenoid fossa. In order for the mar
ble to remain within the confines of the concave fossa, the
rolling marble must simultaneously glide inferior to com
pensate for any distance the marble may have gained
"rolling" up the glenoid surface (Fig. 4-2). In this present ex
ample, these "roll and glide" arthrokinematics must occur if
full glenohumeral abduction is to be accomplished. Full ab
duction may be limited in the aged person if the joint's con
nective tissue resists either the translation or the rotation of
the bone. This example is discussed in greater detail in the fi
nal part of this chapter.

Bone and Joint Kinetics
In the scope of arthrokinesiology, kinetics describes the joint

forces and torques that cause potential motion at a joint. In
order to fully understand potential motion about a joint, one
must appreciate the difference between a force and a torque.
Think of a force as a "push or a pull" that originates from
muscle activation, the pull of gravity, the push from a thera
pist, or connective tissue's inherent resistance to stretch.
Forces cause bones to translate in space and/or rotate in a
plane about an axis. In this chapter, active forces refers to
forces produced by muscle contraction through active effort.
Passive forces, on the other hand, are the forces produced
purely by the resistance generated when periarticular struc
tures are stretched. As subsequent discussions will suggest,

FIG. 4-1 Elbow model showing the osteokinematic motion of flexion in the sagittal plane. The dark rod is
the axis of rotation, and muscle's force line is the dark, thin arrow.
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"Subacromial bursa

Supraspinatus
pull

FIG. 4-2 Roll-and-slide arthrokinematics during abduction of the glenohumeral joint. The supraspinatus
is shown contracting to direct the roll of the humeral head. The taut inferior capsular ligament (ICL) is
shown supporting the head of the humerus. (SeL = superior capsular ligament.) Stretched tissues are de
picted as thin, elongated arrows. (Reprinted with permission from Neumann DA: Human Kinesiology: Ap
plications to Physical Rehabilitation. St. Louis, Mosby, in press.)

increased stiffness in "aged" connective tissues may con
tribute to decreased range of motion in the elderly.
As depicted in Fig. 4-1, forces acting on a bone may cause
the bone to rotate within a plane about an axis of rotation.
This "turning effect" of a bone is called a joint torque. This
torque, or moment, may be estimated by the product of the
force multiplied by a given moment arm. In this chapter, an
internal moment arm (dashed line in Fig. 4-1) is defined as
the length of a line that extends from the axis of rotation
(dark rod in Fig. 4-1) to the perpendicular intersection of the
muscle's force line (dark, thin arrow in Fig. 4-1). Further
more, the product of an active muscle force and internal mo
ment arm is referred to as an internal torque. The modifier
internal is used since the torque was produced by a force in
ternal to the musculoskeletal system. The torque effect of a
muscle group's contraction is often measured by various
"isokinetic" testing devices. B2
In this chapter, an agonist muscle is considered the mus
cle or muscle group that is primarily responsible for produc
ing the active forces that direct bone movement. The antag
onist muscle, in contrast, is considered the muscle or muscle
group that has an action opposite to the agonist muscle. Re
alize that as the agonist muscle contracts and shortens, the
antagonist muscle must elongate while creating a passive
force that would not significantly inhibit the intended
movement.
In most joint systems, large active muscle forces are re
quired to "drive" the movement or provide joint stability.
These forces have been referred to as myogenic, since they are
produced by action of muscle. 66 Myogenic joint forces most
often compress joint surfaces and assist with certain physio-

logical activities such as joint stability and cartilage nutri
tion. In the case of disease or weakened articular tissue sec
ondary to advanced age, large myogenic joint forces can
cause joint damage, pain, and dysfunction.
To illustrate the concept of a compression force between
joint surfaces, consider the model in Fig. 4-3, which shows
the kinetics about the right hip during single-limb standing.
Since the pelvis is assumed to be fixed about the right femur,
the model assumes a condition of static equilibrium. The
"external" torque caused by body weight is prevented from
rotating the pelvis clockwise due to an equivalent counter
clockwise torque produced by the hip abductors. Since the
external moment arm used by body weight is about twice as
long as the internal moment arm used by the hip abductors
(D1 vs. D in Fig. 4-3), the hip abductor force must equal
twice the body weight. 67 As Fig. 4-3 shows, body weight and
hip abductor force produce a combined force that must be
matched by an equivalent joint force oriented in an opposite
direction. This force, often called a joint reaction force, most
often compresses the joint together (JRF in Fig. 4-3). Nor
mally, in the healthy young joint, this large force is trans
ferred across the joint without problem. In certain patholog
ical or osteoporotic conditions, however, the joint reaction
forces exceed the physiological tolerance of the weakened
bone, and hip fracture may result.

Posture and Positions ofNatural Joint Stability
In order to fully appreciate the implications of faulty posture
in the aged population, a brief review of the mechanical in
teractions between joint tissue and the pull of gravity on
body segments is required. Consider that a pair of articular
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FIG. 4-3 Closed-chain action of the right hip abductor muscle when the pelvis is held stationary about
the right femoral head. Assume that the pelvis is only free to rotate within the frontal plane about an an
teroposterior (AP) axis that pierces the right femoral head. The hip abductors must generate an internal
torque that stabilizes the pelvis and trunk about the right hip during single-limb support. This stability re
quires that the internal torque equal the external torque. HAP = hip abductor force; D = internal moment
arm; D, = external moment arm; BW = body weight; JRF = joint reaction force. NOTE: The external mo
ment arm is equal to the length of a line that extends from the axis of rotation to a point of right-angle in
tersection with body weight's force vector. (Modified from Neumann DA, Cook TM: Phys Ther 1985;
65:306.)

surfaces assume a position of maximal congruency (or fit) at
one unique position within a joint's range of motion. This
position of natural stability has been referred to as the joint's
close-packed position. 93 In this position, the ligaments and
joint capsule may be relatively elongated and stretched
slightly. The resistance to this stretch may be temporally
stored as a passive force that may provide an element of
transarticular stability.
In the hip and knee joints, the major component of each
joint's close-packed position corresponds to positions where
stability is required during standing, i.e., in hip and knee ex
tension. While standing in hip and knee extension, the force
line of gravity usually falls posterior to the hip and anterior
to the knee. This force line produces a series of external
torques that maintain these stable joint positions. Active
muscle force while standing may therefore be minimized,
subsequently reducing energy expenditure as well as myo
genic joint force. Gaining useful force through noncontrac
tile and metabolically "inexpensive" tissues for certain static,
low-torque stability functions may have certain physiologi
cal advantages. 68 This discussion resumes in the third part of

this chapter with specific clinical significance to the aged
person.
AGE-RELATED CHANGES IN JOINT
CONNECTIVE TISSUE

Growing old is usually associated with a reduced level of
physical activity. In fact, the body's physiological responses
to both are quite similar.12 Furthermore, as one reaches an
advanced age, the chance of being affected by a disease in
creases. The interaction of these facts requires that three
points be considered when studying the arthrokinesiologic
aspects of geriatric physical therapy. First, changes in the
structure and function of joint connective tissue may occur
simply as a natural process of growing old. The manner in
which these natural "age-related" changes affect joint func
tion is the main focus of this chapter. Second, the type and
degree of physical activity one engages in also have a signifi
cant influence on the structure and function of connective
tissues. 8s The third point to consider is that pathology can
affect the joint's connective tissue at any age and lead to pro
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found functional limitations and disability. The effects of
disease, reduced physical activity, and advanced age often oc
cur simultaneously and may have 'a combined effect on joint
function. Countless odIer factors, such as genetics, previous
postural habits, and earlier injury, also interact and influence
an aged person's arthrokinesiologic function. The exact na
ture of the interaction is very complicated and not fully un
derstood.
This part of dIe chapter proceeds with a brief review of
the structural and functional aspects of dIe various joint
connective tissues. This review will set dIe stage for an
overview of dIe functional changes that are believed to occur
in aged joint tissue.

Periarticular Connective Tissue (PCT)

i

I

I
~

Review of Tissue Structure and Function
Periarticular connective tissue includes ligament, associated
joint capsule, aponeurosis, tendon, intramuscular connec
tive tissue, and sldn. All these tissues are physically linked to
joints, and dIerefore dIeir extensibility influences a joint's
range of motion. The predominant histological components
of all PCT are fibroblasts and fibrous proteins, namely, col
lagen and elastin, extracellular ground matrix, and water. 86,93
The ground matrix resembles a viscous gel that consists of
large, branching proteoglycan molecules. AldIough termi
nology is inconsistent and often confusing, dIese macromol
ecules are often referred to as acid glycosaminoglycans
(AGAGs).80 AGAGs consist of repeating disaccharides, each
attached to negatively charged carboxylate and/or sulphate
esters. 93 This material and water act as filler and cementing
substance for dIe embedded fibrous protein.
Collagen provides most of the structure and tensile
strength to all connective tissues in the body. At least 14
types of genetically different collagen have been identified in
the body, most in connective tissue. Subsequent discussion
in dIis chapter refers to type I collagen since this is the main
protein in PCT.
Collagen fibers strongly resist stretch and are capable of
providing great strengdI to the tissue in which they reside.
The mechanical stability of collagen is maintained dIrough
life by a complex mechanism referred to as intermolecular
cross-bridging. The tropocollagen molecules, the building
blocks of the collagen fibril, are strongly linked together at
regular parallel intervals. Many fibrils are grouped together
to form the collagen fiber and ultimately the collagen fasci
culi. Once collagen fibers are formed, dIeir rate of turnover
is very slow. The protein should not be considered inert or
static. Collagen metabolism can be influenced by physical
and chemical stimuli. This can be observed in tissues dIat are
in the process of producing a scar or after periods of de
creased physical activity.48
Elastin is anodIer protein found in most PCT. Connective
tissues with abundant elastin stretch easily widI almost per
fect recoil. The physical alignment and relative proportions
of collagen and elastin determine the PCT's ability to limit,
guide, or stabilize joint motion.

Ligaments are a type of dense connective tissue composed
chiefly of thick, longitudinal bands of collagen widI rela
tively few cells and extracellular gel substance. Macroscopi
cally, ligaments resemble thick cords dIat connect bone to
bone and dIereby provide structural stability across a joint.
Each collagen fiber widIin a ligament best resists elongation
in the direction parallel to the long axis of the fiber. Signifi
cant elongation of the ligament itself is restricted by dIe in
herent stiffness in the collagen. The stiffness within the liga
ment stabilizes and protects a joint against unnatural
motion dIat may injure odIer joint structures, including
muscle. Ligaments often blend in with, and are structurally
part of, each joint's articular capsule. The collagen fibers
widIin ligaments and capsule may be arranged slightly
oblique to the long axis of the ligament or capsule. This
arrangement provides resistance to the multidirectional
elongations that may arise due to various joint movements.
Collagen fibers provide a limited amount of elasticity to
capsular ligaments. This is based on the fact that unstretched
collagen fibers are oriented in a wavy or coiled manner. Sig
nificant ligamentous resistance to stretch is delayed slightly
until dIe collagen fibers are pulled straight. After dIe stretch
is removed, the elastin fibers may aid in recoiling dIe colla
gen fibers back to their prestretched appearance. 59 As stated
earlier, forces that stretch collagen and elastin may be tem
porally stored and used to perform joint stability functions.
A tendon transfers muscle force to bone. The fibrous tis
sue within dIe tendon is mostly white collagenous bands of
dense connective tissue with limited amounts of elastin. The
collagen bundles are thick, tightly packed, and aligned paral
lel widI each odIer and to the long axis of the tendon. The
parallel fiber arrangement allows tendons to resist elonga
tion even in the presence of very high stretching forces. This
characteristic high stiffness of dIe tendon reflects a function
of transmitting large muscular forces to bone.42 Since ten
dons contain a limited amount of elastin, they elongate
slightly due to muscle pull but return to dIeir originallengdI
after the removal of the muscle force.
Skeletal muscle is composed chiefly of contractile pro
teins that are wrapped in a continuous sheadI of intramus
cular connective tissue. This tissue surrounds each muscle
fiber, muscle fasciculi, and external surface of the individual
whole muscle. The intramuscular connective tissue ulti
mately blends with the connective tissue fabric of dIe tendon
and periosteum. The intramuscular connective tissues con
tain b~collagen and elastic fibers.20 When these tissues are
stretched beyond a specific length, the inherent elasticity
widIin these tissues may assist in dIe production of forces
that move and/or stabilize our joints. Internal torques pro
duced about a joint may therefore be dIe result of both active
and passive forces.? Active forces may be considered neuro
genic since the nervous system "actively" initiates dIe coded
impulses dIat cause contractile proteins to shorten and exert
a pull on adjacent intramuscular connective tissues. Passive
forces generated from stretched muscle, on the other hand,
do not require any volitional neural input. These forces may

Chapter4

61

ARTHROKINESIOLOGIC CONSIDERATIONS IN THE AGED ADULT

be considered elastogenic since they are produced by the
forces that are stored within the stretched elastic connective
tissue elements of a whole musde. 68
Finally, the basic structure of skin must be considered
since this tissue surrounds all joints and must deform
slightly to allow the extremes of a joint's range of motion.
The dermis, a deeper skin componeI}t,is a form of connec
tive tissue that contains large amounts of collagen. The ma
jority of the thickness of the dermis is a dense, irregular con
nective tissue that consists of collagen fibers oriented in a
wavy and coiled pattern. Elastin fibers are also present in the
dermis, but to a much lesser extent than collagen. As is well
known by watching a joint move through full motion, the
dermis can be stretched quite a distance before any signifi
cant resistance is encountered. The eventual resistance is due
to the straightening out of the coiled collagen fibers. When
the stretch of the skin is removed, young, healthy skin re
turns to its original position by the rebound action of the
elastic fibers. The wavy and multidirectional physical orien
tation of all the fibrous elements in the dermis allows the
skin to resist forces in many directions.
Review of Mechanical Properties of Connective
Tissues
Before proceeding further with the discussion of age-related
changes in PCT, a few selected mechanical properties that are
relevant to the study of connective tissue need to be reviewed.

Researchers may deform connective tissues in vitro, and
the resistance the tissue produces to the deformation may be
measured as a force. A deformation-force curve may be plot
ted and yield information about the tissue's ability to toler
ate certain biological or environmental factors. Ligaments or
tendons are often tested for their ability to produce a tensile
force, that is, a force generated as a resistance to stretch. Hya
line cartilage, on the other hand, is often tested to determine
its ability to resist compression. Elasticity and viscosity each
describe a unique property of a tissue's resistance to defor
mation. 96 Connective tissues are partially elastic and there
fore temporally store a component of the force that origi
nally caused dIeir deformation. Like a spring, stretched
elastic tissues tend to return to their original prestretched
length after the removal of dIe force. Viscosity describes the
extent to which a tissue's resistance to deformation depends
on the rate of the deforming force. Viscosity is a time-de
pendent property, whereas elasticity is not. Realize that most
connective tissues demonstrate a viscoelastic property since
both the rate of deformation and instantaneous tissue length
determine the amount of resistance the tissue generates
when deformed. Usually the greater the amount and rate of
deformation, the greater the resistance offered by the tissue.
Connective tissues may be excised from animals of differ
ent ages and subjected to various forms of mechanical test
ing. As an example, Fig. 4-4 shows a plot depicting the results
of a typical "stress vs. strain" test on an excised tendon of a
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FIG. 4-4 Hypothetical data showing the typical mechanical behavior of an excised tendon that has been
stretched to a point of rupture. Tissue stress (or force per unit cross-sectional area) has been plotted against
a constant strain (stretch) rate. Region A shows the length where the slack is taken up from the tendon and
little, if any, stiffness is recorded. Region B shows the length where the tendon shows a linear elastic stiff
ness. Region C depicts the length where the tissue starts to exhibit permanent deformation. Region D shows
the length at which the tendon actually starts to rupture, and Region E shows complete structural failure
of the tissue.
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rabbit.90 The terms stress and strain are somewhat analogous
to the terms force and deformation, respectively. For pur
poses of normalization, the force developed in the deformed
tissue is divided by the tissue's cross-sectional area and thus
presented as a pressure measurement called stress. The de
formation, either in elongation or compression, that is ap
plied to the tissue is often normalized to a percent change in
original length and referred to as strain. The plot in Fig. 4-4
illustrates several mechanical characteristics common to
many viscoelastic tissues that are stretched to a point of rup
ture. This graph shows five regions that each show specific
information about mechanical properties of connective tis
sue. Region A shows that at the beginning of the stretch the
increase in length in the tendon does not result in a signifi
cant increase in stress in the stretched tendon. This region of
low resistance is reportedly due to the straightening out of
the unloaded coiled collagen fibers. 1 Once the fibers have
been stretched out straight, the stress-strain relationship be
comes linear due to the parallel arrangement of the fibers
(Region B). The slope of the stress vs. strain curve in Region
B is a measure of the tissue's stiffness. Region B is often re
ferred to as the elastic region, since at this length removal of
the stretch force would result in the tissue recoiling back to
its original length. Region C shows a property of stretched
tissue known as plasticity. This is evident by continued elon
gation of the tissue without an increase in resistance from
within the tissue. Connective tissue that is stretched to a
length where plasticity actually begins may remain perma
nently deformed. In fact, this is part of the logic used in a
therapeutic stretching program in physical therapy. Region D
shows a stretch length that causes actual structural failure
within the tendon. In this case, the force of the stretch ex
ceeded the ability of the collagen to transmit the force. Con
tinued elongation of the tissue will eventually cause com
plete tissue failure, as evident by a complete lack of resistance
to increased stretch (Region B). It is important to realize that
the characteristics of the plot in Fig. 4-4 would most likely
vary as a function of tissue age, specific type, and rate of the
stretch.

Age-related animal research suggests that ligaments and
tendons increase in stiffness and demonstrate a decrease in
the maximal length at which rupture occurs. IS A biochemi
cal analysis of aged tissue usually shows an increase in the
relative amount and diameter of collagen;87 an increase in
fibril size and aggregation; and a relative decrease in water,
elastin, and proteoglycan content.
A mechanism to account for the increase in stiffness in
age-related PCT may be the fact that aged collagen shows in
creased numbers of cross-links between adjacent tropocolla
gen molecules. 5,35 Increased rates of cross-linking would in
crease the mechanical stability of collagen and may explain
the increased stiffness in the tissue. 75
The unique structure of collagen provides a natural ele
ment of stiffness and rigidity to connective tissue. Increased
amounts of collagen in PCT may partially explain the in
creased PCT stiffness shown in aged animals and perhaps
humans. 35 Increased collagen content in the endomysium of
the rat's intramuscular connective tissue has been shown to
correlate with increased stiffness of the whole muscle.' In
creased numbers of cross-linkages may increase collagen's re
sistance to degradative enzymes, therefore increasing the rel
ative content of the protein in aged PCT.60 Reduced physical
activity tends to be a natural part of advanced aging in ani
mals and humans. Understanding the interactive effect of ad
vanced age and reduced physical activity on connective tissue
stiffness would be very beneficiaL Williams and Goldspink94
monitored the changes in muscle's connective tissue in rela
tively young animals following rigid limb immobilization.
They reported marked increases in relative intramuscular
collagen as well as stiffness after 4 weeks of immobilization,
particularly evident if the muscles were immobilized in a
shortened length. The immobilized "young" muscles ap
peared to show qualitative and quantitative changes similar
to what has been observed in aged tissue. These results sug
gest that physical activity, regardless of age, has a very impor
tant influence on muscle stiffness. Further research is needed
to understand the precise manner in which physical activity
influences the stiffness of aged PCT in general.

Age-Related Changes in PCT
The mechanical properties of PCT change with advanced
age. The structural and functional changes in the collagen
protein account for most change; however, the precise phys
iological mechanisms are not known or universally ac
cepted. 20 ,73 Much of the research literature presented in this
chapter regarding the effects of advanced age on human
PCT is based on animal research. Human research in this
area obviously cannot be conducted with rigid experimen
tal control for variables such as previous physical activity,
earlier tissue trauma, nutrition, or breeding. Making direct
inferences to human aged tissue based on animal data may
be done, however, with caution. Extensive research is
needed before definitive descriptions can be given to ac
count for purely age-related changes in the structure of hu
manPCT.

Hyaline Cartilage
Review of Tissue Structure and Function
Hyaline cartilage lines the articular ends of bone and pro
tects the joint from damaging transarticular forces. Without
this shock-absorbing and lubricating function, normal
everyday joint forces would exceed the compression limits of
underlying subchondral bone, thus causing fracture. 92 The
elastic quality of articular cartilage dissipates high loads as
well as decreases the rate of the compression on the joint
surfaces.
Hyaline cartilage consists of a small population of chon
drocytes widely dispersed !Jl a relatively dense extracellular
matrix. 61 The matrix is chiefly composed of water, collagen
fibers, and long, branching proteoglycan macromolecules. 52 ,78
The collagen fibrils within the matrix provide "scaffolding"
to the cartilage, lending both shape and tensile strength. The
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negative electrochemical charges on the proteoglycan side
chains cause adjacent chains to repel, adding additional stiff
ness to the collagen-proteoglycan mesh. The structure of the
matrix is further reinforced by the presence of water mole
cules that bind to and fill the spaces between the hydrophilic
proteoglycans. 28 The "frowded" extracellular matrix of artic
ular cartilage may be visualized as a "stuffing" that supports
the collagen network. This structure provides healthy artic
ular cartilage the ability to deform repeatedly and re-form
after an exceedingly large number of compressions through
out a lifetime. The rate of the deformation of the articular
cartilage is controlled somewhat by the action of water
slowly oozing through the impedance offered by the matrix.
The water under pressure flows toward the relatively un
loaded areas of the cartilage. As the joint is unloaded, the wa
ter returns to its original location by the swelling pressure
produced by the hydrophilic macromolecules within the
matrix.15 The amount of swelling is physically restrained by
the tensile properties of the collagen network.

A

Age-Related Changes in Articular Cartilage
Histological observation of healthy articular cartilage in the
aged adult shows that the density of chondrocytes and the
amount of collagen within the extracellular matrix remain
essentially unchanged. 29 The water content in the tissue,
however, does reduce with advanced age. The hydrophilic
proteoglycans have been shown to become shorter in aged
tissue and therefore lose their ability to hold water in the ma
trix.16 Dehydrated articular cartilage may have a reduced
ability to dissipate forces across the joint.
Aged articular cartilage may become more susceptible to
mechanical failure. Freeman and Meachim29 have hypothe
sized that the loss of physical strength of aged cartilage may
be due to fragmentation of the collagen network and/or rup
tures of the interfiber bonding. This collagen fragmentation
and weakening may, in part, explain the high incidence of lo
calized structural disintegration often observed on the sur
face of aged articular cartilage. Cartilage lesions, often re
ferred to as fibrillated cartilage, are commonly observed with
the naked eye during a joint dissection. Fig. 4-5, A through
C, shows a scanning micrograph of the articular surface of a
femoral condyle in a 7l-year-old male cadaver. Fig. 4-5, A,
shows the surface of what appears to be healthy but aged ar
ticular cartilage. Fig. 4-5, Band C, demonstrates samples
taken from fibrillated articular tissue from a different loca
tion of the same knee. Fibrillated articular tissue may be lim
ited to superficial layers of articular cartilage, or the tissue
may show vertical splitting and fragmentation that reach
and expose subchondral bone.
The literature supports the notion that some amount of
fibrillation in articular cartilage is normal and a natural age
related process. 57 Of course, the increased fibrillation may be
partially due to the reduced physical activity that often ac
companies advanced age. Fig. 4-6 shows data that suggest
that many joints exhibit natural degeneration with increased
age. 37 According to Freeman and Meachim, histological

B

FIG. 4-5 A scanning electron micrograph of the articular surface
of a femoral condyle of a knee in a 71-year-old embalmed cadaver.
A, Articular cartilage from an apparently "normal" looking region
of the lateral femoral condyle. The wavy but smooth surface texture
represents the normal aging process in hyaline cartilage (200 x).
B, Fibrillated articular cartilage from a fragmented and pitted re
gion of the medial femoral condyle from the same knee as above
(225X). C, Higher magnification of B (600X) showing the frag
mented regions of the cartilage (arrow heads). The lower case c in
dicates an exposed chondrocyte, which is usually concealed within
the matrix. (Micrographs courtesy Dr. Robert Morecraft, Univer
sity of South Dakota, School of Medicine.)

analysis of fibrillated tissue reveals rupture of the collagen
network and an associated weakness in the tissue. 29 Fibril
lated cartilage does not tolerate compression and tensile
forces nearly as well as intact aged cartilage. Freeman sug
gests that the collagen structure of aged fibrillated cartilage
experiences mechanical fatigue that causes the proteoglycans
to "leak out" of the tissue. 28 Decreased proteoglycans within
the matrix would diminish the natural dampening effect of
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FIG. 4-6 Plot showing the frequency of location of degenerative joint disease as a function of age. The
joints were inspected during 1000 necropsies. (Redrawn from Heine J: Virchows Arch Pathol Anat Physiol
Klin Med 1926; 260:521-663. Used by permission.)

cartilage. The cumulative mechanical wear of advanced age
may cause, or is strongly associated with, a weakening of ar
ticular cartilage.29
In summary, some degree of mechanical degeneration of
aged human articular cartilage should be considered a nor
mal process. The wear may be from repeated loading of
joints over the good part of a lifetime. The ability of even
"healthy" articular cartilage to dissipate transarticular forces
may diminish in the aged population.
Any discussion of aged articular cartilage should include
the point that osteoarthritis is not an imminent consequence
of the natural fragmentation of collagen. Fibrillated tissue
does not always lead to the disease of osteoarthritis. The link
between the hypothesized wear-and-tear theory of fibrillated
cartilage and the development of osteoarthritis has not been
shown conclusively. Granted, osteoarthritis does occur with
greater frequency in the elderly. As a matter of fact, by age 60,
more than 60% of the population may have some degree of
cartilage abnormality in certain joints. 53 Nevertheless, one
cannot assume that the disease of osteoarthritis is purely a
mechanical result of aging. If this logic were true, then all old
persons should develop osteoarthritis, and this is not the

case. Genetic, biochemical, traumatic, and morphological
factors may also be interrelated with the effect of aging and
development of osteoarthritis.29•49
Due to the relatively high incidence of osteoarthritis in
the aged population, the physical therapist should be aware
of the basic clinical consequences of the disease. 33 Os
teoarthritis often presents with severely degenerated and
thinned articular cartilage. The severe collagen weakening
and proteoglycan depletion observed in advanced os
teoarthritis markedly reduce the cartilage's ability to resist
tensile and compressional forces. As a consequence, un
dampened joint forces may cause a reactive hardening or
sclerosis of the unprotected subchondral bone.72 This reac
tive response is in accord with the Wolff's law (1892) that
bone is laid down in areas of stress and reabsorbed in areas
of nonstress. Degenerated cartilage and stiffer subchondral
bone are not able to adequately attenuate high transarticular
forces. Osteophytes and variou~ remodeling may occur as a
further progression of Wolff's~law, and the entire morphol
ogy and geometry of the joint surfaces may change. Physical
therapists need to understand the deleterious consequences
of having their patient's arthritic joints subjected to large
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and repetitive joint forces. Concepts of "joint protection"
need to be used with these patients.63

Bone
Review of Tissue Structure and Function
Bone contains widely dispersed specialized cells that manu
facture and secrete a dense, fibrous extracellular matrix.
Compact bone's characteristic rigidity and stiffness are due
to the presence of the dense collagen network within the ex
tracellular matrix. This collagen lattice is structurally rein
forced by calcium phosphate-based minerals. Bone would be
a very soft and pliable material if it were not for the miner
alization of the calcium salts on the collagen and matrix
material.
The collagen fibers within compact bone possess some
degree of elasticity and therefore are well-suited to resist ten
sile forces. 25 Calcium phosphate, in contrast, is very good at
resisting compression forces. The interaction of these two
materials provides bone with a unique ability to resist forces
in multiple directions. The outer cortex shell of bone is very
dense to withstand the high forces produced by muscle pull
and weight-bearing activities. The inner, more spongy, can
cellous bone is porous, which allows bone to flex slightly un
der a load.
Despite bone's inert appearance, the tissue is physiologi
cally very dynamic and hence possesses a rich blood supply. 51
Osteocytes constantly differentiate into active osteoblasts
that produce new bone. Simultaneously, the osteoclasts act
as macrophages and reabsorb unneeded or extra bone. The
net result of this constant process of syntheses and reab
sorption is to change the shape, density, and ultimate
weight-bearing ability of bone. This dynamic process allows
bone to remodel and heal itself in response to mechanical
stress and trauma. Bone, by being a reactive tissue, can alter
geometrical shape to withstand the force demands imposed
by muscle contraction and gravity. The exact mechanism by
which bone cells actually sense and alter cellular synthesis in
response to mechanical stress is not known for sure. One
popular theory suggests that as a bone bends slightly from a
mechanical stress, small piewelectrical charges induce an
electrical field that stimulates osteoblastic activityY
Age-Related Changes in Bone
The precise shape and density of bone are maintained
through life by a balance of mechanical and physiological
mechanisms. Mechanical stress stimulates the formation of
new bone, whereas the endocrine system functions to ulti
mately reabsorb bone. 51 Increased internal stress stimulates a
net increase in bone density so that the bone can withstand
higher forces. As an individual advances in age and becomes
less active, a loss of bone mass per unit volume usually oc
curs. If the bone becomes excessively brittle and prone to
fracture, the condition may be classified as osteoporosis. This
process is characterized by a progressive loss of both fibrous
matrix and mineral content; 53 new bone is not made at a
rate to replace the natural rate of bone absorption. De
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creased bone mass results in a decreased ability of bone to
support loads and resist external forces. 17•54 As an example,
consider the relatively common incidence of avulsion frac
ture of the tibial tuberosity in the aged population. This frac
ture occurs when the ligamentum patella and tibial tuberos
ity are pulled free from the shaft of the tibia due to excessive
force produced in the quadriceps muscle. The large tensile
force developed through the ligamentum patella exceeds the
capability of the bone to maintain an intact tibial tuberosity.
The medical impact of osteoporosis in the elderly is sig
nificant, particularly evident by the high incidence of frac
ture of the hip.24.5B.97 Hip fracture can lead to significant loss
of functional status in the elderly. One study showed. that at
1 year after hip fracture, only 33% of persons regained their
prefracture status in performing basic activities of daily liv
ing.40 According to a longitudinal study by Gallagher and
colleagues, the rate of hip fracture doubles each decade after
age 50.31 There are also gender differences. Hip fracture af
fects 32% ofwomen and 17% of men by age 90. The strength
of the proximal osteoporotic femur is often not able to with
stand the high forces that result from a fall and/or vigorous
muscle contraction. Hip fracture in the elderly often results
from high torsional forces created about the shaft of the fe
mur during a twisting motion. 3D Interestingly, the aged fe
mur has demonstrated increased stiffness when stressed at
high force levels. The femur therefore would lose some abil
ity to "give" under high forces. This may partially account for
the fact that older bones fracture at significantly lower force
levels than younger bones. 38
The decline in physical activity and subsequent dimin
ished stress placed on bone are often associated with grow
ing 01d. 36 Therefore, the loss of bone mass and increased sus
ceptibility to fracture should be considered a normal
age-related process. Experiments have shown that males lose
about 3% of their cortical bone mass each decade after age
40. 53 Women, on average, lose cortical bone at a similar rate
but show an accelerated rate of bone loss after menopause.
The postmenopausal loss of bone in women reflects the nor
mal physiological role of estrogen in the maintenance of cor
tical bone mass. One should keep in perspective, however,
that diminished physical activity from bedrest may have a
more significant demineralizing effect on bone than does the
decrease in estrogen after menopause. 38 Fortunately, bone
loss in postmenopausal women can be minimized somewhat
through active dynamic exerciseY Furthermore, according
to a review by Prior and colleagues, regular moderate physi
cal activity in persons with osteoporosis can reduce the risk
of falls and bone fracture.7°
ARTHROKINESIOLOGIC IMPLICATIONS
OF AGING
Joints in the elderly display a subtle decrease in both angular
velocity and displacement. 54 This observation may be made
even in the absence of overt pathology such as stroke, arthri
tis, or Parkinson's disease. The following discussion suggests
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reasons why the elderly tend to reduce the speed and amount
of extremity movement from primarily an arthrokinesio
logic perspective. This discussion closes by analyzing the ef
fects that torques and forces may have on the structure and
function of the aged joint system.

search study has shown that the conduction velocity of mo
tor nerves decreases with advanced age. 26 These factors, cou
pled with the factors previously mentioned, would theoreti
cally decrease the rate or magnitude of force generated by
muscle and partially account for diminished joint angular
velocity.44

Kinematic Considerations of the Joints in the Aged
Reduction in Joint Angular Velocity
Reduced Physical Activity. Decreased velocity of joint
movement in the aged seems to parallel a natural decline in
overall physical activity. The exact reason why the elderly
slow down is multifaceted and not as obvious as would first
appear. Consider that the elderly often assume a more seden
tary life-style. This life-style may be chosen due to a combi
nation of personal, family, cultural, or socioeconomic rea
sons. The decline in physical activity may also be related to
actual age-related physiological changes in the sensorimotor
systems, such as decreased muscle strength or decreased vi
sion. Excessive medication; debilitating medical problems or
poor nutrition; and a general overcautiousness, coupled
with a fear of falling, are additional factors that may con
tribute to the decreased physical activity.
The elderly often experience major life stresses that may
have a subtle effect on their psychological as well as physio
logical ability to engage in physical activity. For example, the
elderly woman who has just lost her husband may not feel as
comfortable taking evening walks on her own. This de
creased daily level of physical stress placed on her cardiovas
cular system, for example, would reduce her system's aerobic
capacity. Eventually, an attempt at any significant physical
exertion becomes an uncomfortable experience rather than
a rewarding one. The cycle of inactivity, decreased physical
fitness, and continued inactivity tends to perpetuate itself in
the elderly as well as in the young.
Sensorimotor Changes. The general responsiveness of the
nervous system tends to slow with advanced age (see Chap
ters 3 and 5). This slowing may partially account for a de
cline in physical activity and subsequent slowed joint move
ment. 50 Age-related changes in the nervous system include
decreased reaction times; increased rate of loss of brain cells;
altered level of neurotransmitter production; and a de
creased acuity of the auditory, vestibular, and visual sys
tems. 25 ,41.47,69,79,84 Possibly, the slowed movement displayed by
many elderly is simply a natural mechanism that provides
additional time to adequately interpret and process incom
ing environmental stimuli. Many people have experienced
the situation of driving behind a slow-moving automobile
with an elderly person at the wheeF4 The person may not be
acting inconsiderately, but rather driving at a "top" speed at
which his/her slowed neuromuscular system can safely
process and react to multiple streams of sensory input.
A subtle decline in sensorimotor processing in the elderly
is certainly just one of many possible explanations that may
account for their reduced level of physical activity. Skeletal
muscle fibers atrophy with age, and this atrophy may be
more prevalent in the fast-twitch muscle fibers.,4 Also, a re

Stiffness in Periarticular Connective Tissue
Increased PCT stiffness may be another contributor to
slowed movement in the aged. Increased levels of resistance
to joint motion has been measured directly in the elderly.96
To discuss the implications of this concept, consider an ex
ample where an elderly person demonstrates slowed neck
rotation to the left, let us say, in response to the call of his/her
name. The motion of left cervical rotation requires a con
centric contraction of the left rotators. These muscles must
provide sufficient force to rotate the neck as well as elongate
the antagonistic right rotator muscles. Increased intramus
cular connective tissue stiffness in the right rotator group,
for example, could act as a resistance to the left rotation mo
tion. Since most connective tissues demonstrate viscoelastic
properties, the passive resistance generated by the right rota
tors would be dependent on these muscles' length as well as
the rate of their elongation. Attempts at increasing the ve
locity and subsequent amount of left cervical rotation may
increase the resistance offered by the right muscle group's in
tramuscular connective tissue. Significant resistance offered
by these tissues would reduce the productive power output
of the intended motion of left rotation. Recall that power
output about a joint is the product of internal joint torque
multiplied by the average angular velocity of the movement.
A Natural Adaptive Mechanism
Regardless of specific physiological mechanisms, consider
the hypothesis that the slowing of extremity motion in the
aged may be, in part, simply a natural biological process in
tended to ensure the safety and well-being of the individual.
For example, age-related changes in the nervous system may
slow extremity movement, which would, in effect, protect
painful joints, reduce the likelihood of a fall, or protect a
skeletal system with osteoporosis from large forces. This
adaptive mechanism may be similar to that of the young
child's soft and pliable skeletal system. A child's pliable bones
are able to bend and therefore give slightly to the potentially
damaging forces that occur as the young child learns to in
teract with the relentless pull of gravity.

Reduction in the Extremes ofJoint Range of
Motion
The loss of passive range of motion in the elderly is often
progressive and subtle, occurring usually at the extremes of
a joint's potential movement. This redu~ed magnitude of
joint movement may exist even in the abseilce of pathology.
In general, the magnitude of passive joint range of mo
tion declines with advancing ageY,39,91 Healthy adult men
and women tend to have greatest joint mobility in their 20s,
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with a gradual decrease thereafter. 10 The loss of range of mo
tion is highly variable across joint and subject; however, joint
flexibility is clearly inversely related to age. Bell and
Hoshizaki have shown that females tend to lose range of mo
tion at a slower rate than males and that joints of the upper
extremity remain more flexible than the joints of the lower
extremities. 10
What factors could account for this rather strong associ
ation between advanced age and a progressive decrease in
joint range of motion? To consider this question, a few pre
requisites for full active range of joint motion should be rec
ognized. First, full range of motion requires that the articu
lar surfaces allow a tracking for movement without undue
physical interference. Second, a sufficient motor drive with
adequate sensory feedback is needed from the neuromuscu
lar system. Third, the PCT must possess a stiffness level that
does not inhibit a joint's full range of motion.
Several factors may impede full active or passive range of
motion in the elderly. Age-related changes may occur in the
joint from previous injury, occupation, or poor posturing.
Subsequent excessive joint wear may predispose osteophyte
formation and incongruities at the articular surfaces. These
factors, in conjunction with increased viscosity of the syn
ovium, calcification of articular cartilages, and increased
fatigability of muscle, could all interfere with full joint
motion.
Increased Stiffness in PCT
Stiffness in PCT certainly needs to be considered as a prime
factor in the reduced range of joint motion in the elderly. In
all joints, aged or otherwise, the extremes of movement are
resisted slightly due to the inherent stiffuess provided by the
PCT. Wright and Johns have determined from in vivo hu
man experiments that articular capsule and muscle combine
to account for about 90% of the total passive stiffness in a
healthy joint. 96 The resistance generated by tendon and skin
accounted for most of the remaining natural stiffness. Hu
man joints of aged individuals have shown significant in
creases in passive resistance to movement. 13,96 This phenom
enon may be partially explained by increased stiffness in
local joint PCT. As reviewed previously in this chapter, the
increased stiffness in the PCT may be due to alterations in
the structure of the collagen. Increased stiffness may also re
sult from a reduction in physical activity in the elderly and
subsequent lack of natural stretch applied to PCT.2,9
Knowledge of the relative influence of each specific PCT
to stiffness in the human aged joint would enhance the plan
ning and implementation of physical therapy programs
aimed at maintaining overall joint mobility. Clinical evi
dence suggests that the intramuscular connective tissues
may account for a significant amount of the limitation of
joint motion in the aged. James and Parker measured passive
ankle dorsiflexion in subjects older than 80. 39 Significantly
less passive ankle dorsiflexion was available when the knee
was in full extension as compared with full flexion. The ex
tended knee evidently placed additional stretch on the aged

67

and somewhat stiff connective tissue within the multijointed
gastrocnemius muscle. The increased stiffness in the muscle
was only fully realized when the muscle was stretched over
both ankle and knee joints simultaneously.
Another aspect of increased stiffness in intramuscular
connective tissues of the aged relates to total metabolic effi
ciency. The increased resistive "drag" provided by stiff intra
muscular connective tissue within antagonist muscle may
limit the effectiveness of work output of the agonist muscle.
This passive resistance, albeit relatively small when expressed
over any particular single joint, may be rather significant
when multiple joint actions are attempted, particularly at the
extremes of motion. The increased muscular effort of the ag
onists may contribute to general fatigue when the elderlyen
gage in physical activity. Poor nutrition or compromised
function of the cardiopulmonary system may further com
pound the problem. 77
Age-Related Influences in Joint Mechanics
Increased stiffness in PCT in the aged may have significant
influence on joint arthrokinematics. Consider the motion of
active glenohumeral abduction to full range. To achieve this
motion, all PCT and muscle that have the potential to pro
duce a glenohumeral adduction torque (either through ac
tive or passive means) must be elongated. Furthermore, the
head of the humerus must be able to stretch a pouch formed
by the inferior aspect of the glenohumeral capsule. The infe
rior slide of the humeral head is part of the natural
arthrokinematic pattern of full abduction (see Fig. 4-2). Sig
nificant capsular and ligamentous stiffness may interfere
with the natural translations that constitute the arthrokine
matics of abduction. Increased tissue resistance to any ex
pansion of the capsule, for example, would inhibit the de
scent of the humeral head. This may cause the head of the
humerus to roll superior on the glenoid without the neces
sary compensatory inferior glide. The head of the humerus
may impinge on the supraspinatus tendon or make contact
with the coracoacromial arch, thus limiting further abduc
tion (Fig. 4-7). Increased transarticular forces may result
since greater muscle forces may be needed to rotate and/or
translate the bones against the resistance imparted by the
stiffer capsule. Abnormal muscle synergies may also result
over time, since, as in the previous abduction example, the
serratus anterior may have to develop greater and longer du
ration forces to upward rotate the scapula on the thorax in
efforts to assist the shoulder abduction.
Practical and Clinical Significance of Decreased Joint
Mobility
The functional impact a limitation of joint motion has on
aged individuals depends on which joint is limited, the de
gree of the limitation, and the overall health and mobility of
the person. Consider the following research study. Shoulder
abduction range of motion was measured in 1000 persons
who we're still relatively mobile and living in their homes. 9
The subjects were considered healthy but did possess a wide
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Subacromial bursa

FIG. 4-7 Biomechanics of shoulder "impingement syndrome:' Note that abduction without a sufficient
inferior slide causes the humeral head to impinge against the acromion of the scapula, blocking further ab
duction. Calculations show that without the slide, the superior roll would result in impingement after only
about 20 degrees of abduction. (Reprinted with permission from Neumann DA: Human Kinesiology: Appli
cations to Physical Rehabilitation. St. Louis, Mosby. In press.)

i-

range of typical age-associated medical problems. The au
thors found that more than 50% of the subjects older than
75 years could not actively abduct their shoulder up to 120
degrees. Also, the mean shoulder abduction range of the 75
year-old group was about 30 degrees less than that of a
group of subjects with an average age of 39 years. From a
practical standpoint, a maximal range of 120 degrees of
shoulder abduction should be considered a significant im
pairment, since many functional activities that require the
hand to be brought above the head would be limited. s The
person who could only actively abduct a shoulder to 110 de
grees would, for example, have difficulty returning items to
a top shelf in the kitchen. Besides the obvious practical lim
itations imposed from this lack of mobility, consider other
more subtle implications. The elderly person may eventually
respond to progressive loss of motion by moving the con
tents of kitchen cupboards to a lower level. From a practical
standpoint, this modification is certainly a sensible one.
From an arthrokinesiologic standpoint, however, the modi
fication would reduce the number of abduction efforts at
tempted each day. The tightness in the shoulder may become
self-perpetuating. A simple home exercise program may de
lay when the cupboards have to be modified and therefore
allow the natural demands of the functional task to maintain
required joint flexibility.
Loss of range of motion in the aged may inform the phys
ical therapist of other aspects of a persons overall health. In
the study by Bassey and colleagues, the amount of shoulder
motion deficit was positively correlated with an index of the
subject's health. 9 Of interest was a statistically significant
correlation between a 10% loss of mean shoulder abduction
for women and the presence of arthritis, lack of (overall)

mobility, and incontinence. The therapist must be aware that
a reduction in joint motion may be an indirect symptom of
some other more significant medical problem. According to
the multiple regression equation determined from the
Bassey study, the therapist should be alerted to a greater sta
tisticallikelihood of systemic health problems if the active
shoulder abduction motion in 60-year-old persons is less
than about 140 degrees. 9
A distinction should be made between loss of joint mo
tion associated with a disease process and a loss of motion
due to the natural process of growing old. Often this dis
tinction is not clear. An interesting example may be made in
this regard by considering the data from Bell and
Hoshizaki. 10 These researchers measured the range of mo
tion in several joints and correlated this measurement to
subject's gender and age. When considering the 17 joint mo
tions tested, cervical motions showed generally the steepest
and most consistent decline with age across both genders.
One may speculate that this specific loss of motion may, in
part, parallel the natural age-related decline in the acuity of
some of the special senses. An important function of the cer
vical spine is to allow the special senses of vision, hearing,
smell, and balance to be placed in a wide range of positions.
Even a small decline in the acuity of these afferent systems
may reduce the functional demand placed oJt.the cervical
joints and theoretically contribute to their/loss of passive
motion. Research could not be found to substantiate this
speculation; however, the logic appears to be sound and
worthy of study.
Two final points will be made as a conclusion to this dis
cussion on limitation of joint motion in the elderly. First, it
is essential to realize that not all elderly individuals lose sig
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nificant range of motion as they age. Exceptions will always
exist, and the reasons for such exceptions should be analyzed
as clues to effective treatment principles. The literature does
report cases of very athletic aged individuals who have sig
nificantly greater range of motion than younger or more
sedentary persons. 27 Furthermore, significant increases in
range of motion can be gained in the elderly through regu
lar stretching programs.21 ,45,71 Further research is needed to
deciph~r the complex interaction between aging, mental at
tiH.rae; and physical activity on the mechanical behavior of
PCT in the human. Why certain persons maintain full range
of motion and others do not is an important research ques
tion in the field of geriatric physical therapy. The importance
of such a question will only increase as the active elderlyoc
cupy an even greater percentage of living persons in our
society.
Finally, consider the idea that an age-related "limitation"
in extremity mobility may lend a subtle element of safety to
aged persons and, therefore, in this regard may be beneficial.
For example, aged persons tend to walk at reduced velocities
and with a broader and shorter stride length. 62 This gait pat
tern seems to favor stability and security during walking.
This slowed and cautious gait pattern may reduce stride
length as well as the amount of ankle dorsiflexion required
during the stance phase. The reduced magnitude and/or fre
quency of heel cord stretch may eventually limit the maxi
mal range of available ankle dorsiflexion. In the larger pic
ture, the small reduction in ankle range of motion may be
considered beneficial if the altered gait actually prevents a
fall and a subsequent scenario of hip fracture and prolonged
bedrest.

during standing can be achieved with minimal hip muscle
contraction.
In contrast to the relative ease of standing when the hip
joint is fully extended, consider the effect of a hip flexion
"contracture" on standing (Fig. 4-8, B). Lack of full hip ex
tension in the elderly is relatively prevalene6 and may be pre
disposed by periods of prolonged sitting. The forward place
ment of the pelvis and trunk shown in Fig. 4-8, B, may shift
the force line of gravity slightly anterior to the hip. The force
line of gravity acts now as a hip flexor, not as an extensor as
shown in Fig. 4-8, A. Increased extensor muscle force would
be required to maintain the standing position. The subse
quent increase in myogenic hip joint force may exacerbate
existing hip pain or increase cartilage wear. Also, standing
with a hip flexion contracture may direct the larger muscu
lar forces toward thinner regions of articular cartilage. Fur
thermore, the increased metabolic requirements of main
taining low levels of hip extensor muscle contraction may
add to general fatigue. This situation may encourage in
creased sitting, which may perpetuate the cycle of continued
or increased PCT tightness.

Joint Mobility and Influence on Whole Body Posture
As just discussed, in certain conditions, subtle restrictions in
joint motion may provide a physiological benefit to the over
all health of the elderly. As a contrast to this argument, con
sider how a moderate limitation in joint motion may have a
potentially negative physiological effect, particularly in re
gard to standing posture.
Previously in this chapter, we discussed that in erect
standing the body's force line of gravity creates multiple ex
ternal torques that favor stability of various joints of the
lower extremity. Fig. 4-8 shows this same concept, but with a
focus on the external (flexor) torque at the hip. Note that in
erect standing, the ability to achieve full hip extension places
the superincumbent force line of gravity posterior to the
mediolateral axis at this joint (Fig. 4-8, A). Gravity now acts
with an external moment arm that is posterior to the hip and
therefore produces an extensor torque. This extensor torque
helps maintain the stable position at this joint. Furthermore,
full hip extension stretches and elongates the hip's capsular
ligaments, producing transarticular hip forces that may as
sist with the stability of the extended hip. The extensor
torque can be balanced by a passive flexor torque produced
by the natural stiffness in the taut iliofemoral ligament.
Therefore, in theory, the sagittal plane stability at the hip

Internal Joint Torque Considerations
Maximal internal torque about a joint is defined as the
product of the maximal volitional muscle force multiplied
by the length of the associated internal moment arm. Aging
and various changes in structure and function of connective
tissue can alter these variables, and each is discussed sepa
rately.
Reduced Ability to Generate Muscle Force. Clinically, the
elderly patient often shows a reduced "muscular strength" as

Kinetic Considerations of the Joints in the Aged
In earlier sections of this chapter, the concepts of joint forces
and torques are briefly discussed. This section focuses exclu
sively on these concepts with continued specific attention on
the elderly. Arthrokinesiologic implications that relate to in
ternal torque about the joint are discussed first. The remain
der of this section reviews a clinical example in which con
nective tissue about the joint fails to resist the deforming
postures created through external torques.

tested through adynamometer. isokinetic device, or manual
muscle testing. More precisely stated, the maximal internal
torque produced about joints tends to decline with advanced
age. 3 ,6,55,89 Assuming that the length of the internal moment
arm at any given joint angle remains constant as one reaches
an advanced age, the lowered peak internal torque genera
tion must be due to reduced peak muscle force. Skeletal
muscle mass declines with advanced age, and this factor
alone could account for a significant amount of the loss of
force production. The loss of muscle mass may be in part
due to simple disuse atrophy secondary to a reduction in
physical activity. Other factors that may contribute to the re
duced peak muscular force in the aged are a loss in the num
ber of functioning motoneurons,19 a preferential atrophy of
fast-twitch (type II) muscle fibers,34,46 decreased quality of
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FIG. 4-8 The effect of hip flexion contracture on the biomechanics of standing. A, When a person stands
with hips fully extended, the body weight (BW) force is directed slightly posterior to the axis of rotation at
the hip. Due to the external moment arm, the force of body weight causes an extensor torque at the hip. The
taut anterior capsule of the hip (shown as the iliofemoral ligament) prevents further hip extension. B, With
a flexion contracture, attempts at standing upright are resisted by passive tension in the stretched iliopsoas
muscle and iliofemoral ligament. This posture redirects body weight anterior to the hip joints, causing a hip
flexor torque. The gluteus maximus is shown contracting to prevent the hip joint from flexing further into
a squat position. (The external moment arms used by the gluteus maximus and body weight are shown by
dark black lines.) In A and B, the dots at the hip show the regions of thickest cartilage. (Courtesy C.
Wadsworth, Editor, Orthopedic Section of APTA: Arthritis Home Study Course "The Synovial Joint:
Anatomy, Function, and Dysfunction," by Neumann DA, 1998.)

synapses at the neuromuscular junction,56 or simply a de
creased motivation to produce large forces. Additional fac
tors on sensorimotor changes in the elderly are reviewed
elsewhere.
Evidence exists that the natural decline in active muscle
force in the elderly may be reduced with exercise programs
that increase levels of physical activity.22,31,88 Earlier in this
chapter, we discussed that joint range of motion can also be
maintained or improved with exercise. Exercise programs
that strive to increase or maintain muscle active force pro
duction, as well as maintain joint flexibility and angular ve
locity, are as rational for elderly persons as those designed

for the younger persons. Safe levels of stress imposed on
bone during properly designed exercise may decelerate os
teoporosis, which offers an additional benefit to exercise for
the elderly.
Work vs. Power Considerations. Relating concepts {l(~
work and power to this discussion may add a deeper layer of
understanding to the physiological and practical limitations
of an aged musculoskeletal system. The work that is per
formed about a joint during concentric muscle contraction
is equal to the product of the average internal torque multi
plied by the degrees (or radians) of joint rotation. The diffi
culty an elderly person may have in thoroughly cleaning a
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FIG.4-9 Drawing showing the mechanics involved with thumb interphalangeal (IP) radial deviation de
formity secondary to needlepointing activity. A, Note the "radial" direction of needlepointing force exerted
from index finger to the thumb's distal phalanx. B, The long-term force causes an excessive and chronic ra
dial deviation torque about the thumb's IP joint. C, Throughout the years, the radial deviation torque over
stretches the ulnar collateral ligament (UCL) at the IP joint. The IP deformity created an internal moment
arm, so the extensor pollicis longus (EPL) muscle force can now actively radially deviate the IP joint. Axis
of rotation for radial deviation torque is shown as a dark circle.

window, for example, may arise from both variables that de
fine work, since both are expected to naturally decline in the
elderly. This is why both "strengthening" and range-of
motion exercises are usually recommended for the elderly.
Power is defined as the rate of performing work. In the ex
ample above, the time required to clean the window becomes
a relevant variable. The average power produced about a
joint during a task is determined by the product of the aver
age internal torque multiplied by the average velocity of the
joint movement. Decreased velocity of movement, either
from increased resistance from antagonist muscle or in
creased central processing time, would result in reduced
power. When practical, reducing the time element of a task
performance reduces some of the limitations imposed by the
diminished ability of the elderly person to generate signifi
cant power. Often, however, the time element of a task can
not be removed, such as the time required to respond with
sufficient muscle force to catch oneself from a fall. In this
case, the rate of muscle contraction and subsequent speed of
joint rotation may be of greater physiological importance
than the amount of peak muscle force.
Change in Length of Internal Moment Arm. Joint pos
ture may be defined as the habitual position of a joint or se
ries of joints. The length and orientation of the internal mo
ment arm may change in the elderly and subsequently alter

joint posture. The fact of having lived and worked to old age
often provides the time needed for forces to significantly in
fluence the length and therefore effectiveness of the internal
moment arm. To illustrate this point, consider the case of a
92-year-old female who has been needlepointing for several
hours a day for the last 40 years. She presents with a sub
stantial radial deviation deformity at the interphalangeal
(IP) joint of her dominant hand. An analysis of the needle
pointing activity in a healthy young hand shows that the in
dex finger produces a radial deviation force that causes the
deviation of the IP joint (Fig. 4-9, A-C). Year after year, the
chronic tensile forces placed on the IP's ulnar collateralliga
ment have caused the ligament to elongate beyond its nat
ural length due to the action of a constant external force. The
elongated ligament now acts more like a plastic material
than an elastic one. The elongated ulnar collateral ligament
would offer little resistance to the omnipresent radial devi
ated (external) torque. What is essential to understand in
this scenario is that the radial deviated deformity at the IP
joint mechanically displaced the tendon of the extensor pol
licis longus (compare Fig. 4-9,B, with Fig. 4-9, C). The force
line of pull of the thumb extensor now acts with an internal
moment arm that can generate a radial deviation internal
torque. Any active IP extensor muscle activation will now
maintain or increase the pathomechanics of the deformity.
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This self-perpetuating cycle of joint deformity is not limited
to the aged population, but this group is particularly suscep
tible since long periods of time have been available for forces
to act on the joints.
The presence of disease may interact with aging and fur
ther influence the biomechanics of joint posture. Consider
both rheumatoid arthritis and osteoarthritis. Chronic syn
ovitis from rheumatoid arthritis may reduce the ability of the
articular capsule to provide resistance to large external
torques. A deformity called ulnar drift at the metacarpopha
langeal joint serves as a prime example of this situation. 14
Also, consider when severe hip osteoarthritis involves a re
modeling of the proximal femur such that the distance be
tween the greater trochanter and femoral head diminishes
(compare Fig. 4-10, A, with Fig. 4-10, B). The result of this re
modeling is a decrease in length of the internal moment arm
that the hip abductors use to produce frontal plane stability
during the stance phase of walking. 63 The hip abductors must
therefore produce greater amounts of force during the stance
phase to offset the loss of length of the internal moment arm.
Hip joint forces would therefore increase and possibly stimu
late continued bony remodeling with possible continued re-

duction in internal moment arm length. Once again, a path
omechanical situation is shown to be self-perpetuating. In
this case, the deleterious effects of the pathomechanics may
be alleviated by orthopedic surgery or instruction from phys
ical therapy in the proper use of a cane.64,65
External Joint Torque Considerations
Joint posture is determined by the net effect of all internal
and external torques acting about the joint. Recall that ex
ternal torque is the product of a force multiplied by the
length of the external moment arm (see Fig. 4-3). The force
component of an external torque may arise from gravity,
from a weight applied to a limb, or through some other
source that is external to the joint. The external moment arm
is the distance from the axis of rotation to the perpendicular
intersection with the external force.

A

A

B

BW

Drawings showing a healthy right hip free of os
teoarthritis (A) with hip abductor force (HAF) and associated in
ternal moment arm (D). Right hip with osteoarthritis is shown (B)
with diminished internal moment arm (D l ) secondary to partial
disintegration of femoral head. (From Neumann DA: Arthritis Care
Res 1989; 2:146-155. Used by permission.)
FIG. 4-10

FIG. 4-11 Model showing the orientation of the force line of
gravity from body weight (Bl¥, arrow) at the cervical and thoracic
spines. A through C show a progression in severity of kyphos1s;,~
Each model demonstrates the mediolateral axis at the midpoint of
the thoracic and cervical regions (dark circles) and the associated
external moment arms (hatched lines). A, Patient with ideal stand
ing posture and normal thoracic kyphosis. BW creates a small cervi
cal extension torque and a small thoracic flexion torque.
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Pathomechanics ofSenile Kyphosis. Accentuated kypho
sis in the elderly is quite common and may sometimes result
in significant disability. This sagittal plane postural asymme
try usually develops gradually over time and is partially re
sponsible for loss of body height in the elderly. Relatively
large external (gravitational) torques may develop about the
spine of the aged person as a consequence of changes in the
mechanics of the connective tissues. To describe the associ
ated pathomechanics, consider the ideal posture of an aged
person's spinal column (Fig. 4-11, A). Note that in ideal
standing posture, the force line of gravity is directed on the
concave side of the cervical and thoracic curvatures. This al
lows the force line to act with an external moment arm that
maintains the natural posture of these spinal regions. For
purely comparison purposes, assume that a small cervical
extension torque and a small thoracic flexion torque are con
stantly present in the ideal posture shown in Fig. 4-11, A. To
limit the extent of these natural cervical and thoracic curva
tures, restraining forces must be produced from adjacent tis-
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sues. In the thoracic spine, the anterior side of the interver
tebral discs are compressed as a result of the natural anterior
concavity in the thoracic curve. Since intervertebral discs be
come more dehydrated and less elastic with advanced age,
their effectiveness in resisting compression forces would di
minish. 95 A small flexor external torque, acting over long
time periods, could compress and deform the anterior mar
gins of intervertebral thoracic discs, thereby accentuating
the local kyphosis. As the thoracic flexion posture increases,
the force line of gravity shifts further anterior, thus increas
ing the length of the external moment arm and magnitude
of the flexed posture (Fig. 4-11, B).
Sagittal plane x-rays of aged adult spines with moderate
kyphosis often show an anterior translation or shift of the
upper thoracic and cervical regions. This anterior shift, ob
served by comparing Fig. 4-11, A, with Fig. 4-11, B, increases
the lengths of the external moment arms, which produce a
moderate thoracic and cervical flexor torque. As a result, in
creased back extensor musc;:le force may be needed to hold

c

BW

BW

FIG. 4-11, CONT'D B, Patient with moderate thoracic kyphosis. BW creates a moderate cervical and tho
external mo
racic flexion torque. EMA' = external moment arm at the thoracic spine midpoint; EMA
ment arm at cervical spine midpoint; lMA internal moment arm for back extensor muscular force. C, Pa
tient with severe thoracic kyphosis. BW causes a small cervical extension torque and a large thoracic flexion
torque.
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the person's trunk and head upright. Increased muscle force
would increase the magnitude of intervertebral joint forces
and possibly predispose arthritic changes, compression frac
tures, and/or disc injury.23
A simple biomechanical principle may be used to esti
mate the amount of myogenic joint force transferred across
a midthoracic intervertebral segment of a moderately

kyphotic spine. Based on an assumption of static equilib
rium, the sum of the internal and external torques about a
joint equals zero. 63 For sagittal plane rotary equilibrium
about a midthoracic region in the spine (see Fig. 4-11, B),
the product of body weight (BW) and the length of the ex
ternal moment arm (EMA') equals the product of the mus
cle force multiplied by the length of the internal moment

Pre-Senescent Factors
Health history, life-style (e.g., smoking, fitness
level), occupation, hobbies, previous trauma.
genetics. others

Pathology

Normal Age
Related Changes
in Physiology

Degenerative arthritis,
Parkinson's disease, chronic
obstructive pulmonary
disease, peripheral vascular
disease, dementia, others
Increased Potential for
Changes in
Arthrokinesiology

Decreased reaction and
movement times, reduced vision,
increased stiffness in connective
tissues and muscle, reduced
muscle mass, reduced
cardiopulmonary function, others

1
Other Factors
Pain, increased energy
expenditure for simple tasks,
fatigue, reduced social
contact. others

Altered Posture and Patterns
of Movement

Factors Reducing
Physical Activity

Prolonged
Time

Medication, fear of falling,
loss of muscle strength,
depression, poor nutrition,
dehydration, others

*

Actual Changes in
Arthrokinesiology

~

Reduced joint mobility, such as excessiv:e kyphosis,
hip or knee flexion contracture, reduced shoulder
abduction
Excessive jOint mobility, such as severe genu varus,
glenohumeral jOint subluxation

Others

.
Reduced Functional Status

Difficulty performing personal cares, such as feeding,
dressing, bathing, using the toilet
Difficulty walking, rising from a chair, or driving a
vehicle
Difficulty performing chores, such as shopping, cooking,
laundry, cleaning
Others
FIG.4-12 This diagram shows the interaction of factors that can contribute to changes in arthrokinesiol
ogy in the elderly.
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arm (IMA). To estimate the myogenic joint force across the
dark circle shown in Fig. 4-11, B, the extensor muscle force
required to maintain the kyphotic spine upright must be de
termined. Observe that the len~h of the EMA' is about twice
as long as the associated IMA. The required muscle force
therefore can be estimated by multiplying body weight
above the chosen axis of rotation by the ratio of EMA' to
IMA. Assuming BW above the midthoracic vertebra to be 90
pounds and moment arm ratio about 2, then at least 180
pounds of muscle extensor force would be needed to hold
the sagittal plane posture in Fig. 4-11, B. This force, trans
ferred across a small intervertebral surface area, would result
in a relatively large physical pressure that must be supported
by adjacent tissue.
Applying this same biomechanical equation to the ideal
posture shown in Fig. 4-11, A, one can estimate an approxi
mate 67% reduction in myogenic joint force at the thoracic
spine. This reduction is based on the ideal posture having an
external moment arm of only one third the length of that
present in the moderately kyphotic posture. This simple
mathematical calculation emphasizes the concept that pos
ture and the subsequent length of the external moment arms
have a profound effect on forces produced across a joint.
The thoracic posture shown in Fig. 4-11, B, may, in ex
treme cases, progress to that shown in Fig. 4-11, C, which
was modeled after an actual x-ray of a standing elderly per
son. During standing, this patient showed a small cervical
extension torque and a large thoracic flexion torque. Note
that despite the large thoracic kyphosis, this particular pa
tient was able to hold her head in enough extension so that
the weight of her head assisted in the maintenance of the
normal cervical lordosis. However, the main point in Fig.
4-11, C, to appreciate is the impact that the large external
flexor torque would have in the midthoracic region. This
large torque will continue as long as the force line of gravity
acts with such a large external moment arm. The increased
compression forces produced on the anterior side of the tho
racic vertebrae may stimulate bony remodeling with a con
tinued decrease in height of the anterior side of the thoracic
bodies. This loss in thoracic "height" is responsible for most
of the loss in overall body height in the elderly. Compression
fractures from osteoporosis may augment the kyphosis by
increasing the anterior concavity of the middle thoracic
spine. This case of severe senile kyphosis should be a re
minder of the important role connective tissue has in ab
sorbing the relentless forces of gravity. When aged tissues
lose their ability to resist deformation from external forces,
gravity wins the ultimate "tug of war" and dominates the
clinical course of the posture.

SUMMARY
Arthrokinesiology, or the study of the structure, function,
and movement of skeletal joints, is one component of the
scientific basis of physical therapy. Age-related changes in
joint function can, and do, occur in the elderly, even in the
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absence of disease. When the effects of disease are coupled
with reduced physical activity, the elderly may experience
substantial decrements in function. Successful treatment of
joint impairments and abnormal posture in the elderly is
based on a careful analysis of the pathomechanics of the af
fected joints.
In conclusion, Fig. 4-12 shows a model of the complex in
teraction among factors that may lead to changes in arthroki
nesiology within the elderly. An important role of the physi
cal therapist is to understand when or how physical therapy
can diminish the effect these factors have on an individual's
function and ultimately his/her quality of life. This figure is
certainly not complete, but is intended to serve as a starting
point to analyze a very complex topic. Readers are encour
aged to expand and modify this model based on additional
information and/or clinical and personal experiences.
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executed movement, and loss of muscular strength and
power. Loss of motor function that supports fundamental
activities of daily living such as the muscular power to
climb stairs or the locomotory speed to cross the street be
fore the traffic light changes progressively denies an elder
of his/her independence and autonomy. Moreover, many of
the most meaningful roles and activities in life, such as
playing a musical instrument, painting, participating in
sports activities, or operating a vehicle, involve tasks re
quiring skilled motor performance. Thus, inability to par
ticipate in these fulfilling activities robs an elder of a rich
aspect of his/her life. From the larger perspective of societal
costs, it is important to appreciate changes in motor func
tion with aging as demographers propose that by the year
2025 one in five persons will be older than 65 years. 90 This
statistic portends a consistent trend toward a greater pro
portion of the population evidencing physical disablement
with concomitant dependency on family members, institu
tions, and public resources.
While a public health perspective on aging is sobering,
extension of the human life span is an important opportu
nity for disciplines in science and medicine to advance un
derstanding of biological mechanisms and explore their lim
its. Historically the aging process has been characterized as
one of progressive decline across biological systems. In re
freshing contrast, more than a decade ago an insightful com
mentaryon aging was rendered by Rowe and Kahn. 181 Ordi
nary descriptions of the aging process promoted, to use their
term, "a gerontology of the usual:' despite the fact that ex
amples of individuals who continue to function at levels
commensurate with lesser chronological age are not uncom
mon. This now-classic notion has inspired extensive investi
gation regarding the determinants of aging in the absence of
pathology and concomitantly has occasioned change in the
accepted'definition of normal aging. 36 In both the basic sci
ences and the practice of geriatric medicine, it has become
accepted that portrayal of aging as a chronic, progressive de

INTRODUCTION
Aging is typically characterized by notable declines in the
control and organization of movement. Most prominent
among these are slowing of movement (both movement
initiation and execution), deterioration in the quality of
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terioration or as affected with insidious pathologies is sim
ply not accurate. Rather, it has been established that aging, in
and of itself, is not synonymous with pathology nor the in
ability to forestall pathology. Normal (biological) aging is
what Rowe and Kahn termed "successful" aging, whereas the
more "typical" degenerative view of aging is what they
termed "usual" aging. The semantic argument is justified
when we realize that "usual" aging incorporates many
pathologies-some subtle, some frank.
Complicating historical descriptions of aging are the ma
jor longitudinal studies of aging in this country. The Balti
more Longitudinal Study on Aging (BLSA) and the Boston
Normative Aging Study were initiated with the intention of
developing an accurate description of the aging process. The
Framingham Heart Study, initiated as a longitudinal study of
cardiac function, naturally evolved into a study of normal
aging as the cohort aged. The advent of these three longitu
dinal studies was, however, well in advance of our ability to
make clear differentiation between normal aging and
pathology. At the inception of these studies, Alzheimer's dis
ease, for example, had yet to be identified and defined as a
clinical and pathological entity. Due to descriptions emanat
ing from these epidemiological efforts, the common wisdom
became that with aging decline could be expected across
physiological systems, including increased blood pressure,
impaired memory, and loss of cortical neurons. Currently, it
has been established that none of these familiar biological
impairments is a characteristic of normal aging. Hence, the
seminal longitudinal studies merely describe an increasingly
heterogeneous population in which pathology becomes
more prevalent with advancing age. It is important to em
phasize that increased prevalence of pathology accompanies
secular trends of aging, but these pathologies do not consti
tute aging per se.
Across biological and behavioral domains, a common
theme with aging is variability. With increasing age, biologi
cal variability increases much more rapidly than perfor
mance declines.172 From the perspective of "successful ag
ing:'lBl this is simply evidence of the need to separate the
biological process attributable to aging and that or those at
tributable to pathology. Moreover, with each additional
decade, the survivors are likely to be the most healthy, most
successful, most able to forestall deleterious sequelae of ag
ing. It is also not clear that aging is a unitary phenomenon
affecting all physiological systems equally or in like chronol
ogy. Rather, there is more evidence of greater vulnerability in
certain systems (e.g., certain aspects of the central nervous
system), impairment in which is likely to be responsible for
the characteristic manifestations of "usual" aging. The study
of aging then is multifactorial, which in the context of mo
tor behavior, involves scrutiny of the interaction between an
organism and its environment, including perception; moti
vation; integration of activity across physiological systems;
and only finally execution of motor action.
Appreciation of age-related changes in movement func
tion requires understanding of both sensorimotor control
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and the biological correlates of aging. The complexity sur
rounding decline in the quality and quantity of movement
is focused on a number of factors that may contribute to a
decline in sensorimotor performance. These factors could
be the result of changes intrinsic to the individual, factors
extrinsic to the individual, or a combination of both. Some
intrinsic factors associated directly with the integrity of the
individual's cognitive status and also with the neuro
musculoskeletal system include changes in such variables
as neurons, central or peripheral synaptic mechanisms, pe
ripheral nerve, peripheral receptors, muscle, bone, or
joints. Other intrinsic factors, such as the status of hor
mones, the cardiovascular system, respiratory system, and
basal metabolism, play an indirect but critical role in guar
anteeing the integrity of the sensory and muscular systems.
Extrinsic factors that can affect the normal function of the
neuromusculoskeletal system include death of a spouse, re
tirement from an occupation, retirement from community
involvement, loss of income, change in nutritional status,
decline in physical activity level, and inadequate health
care. Indeed, altered motor control with aging is complex
and multifactorial.
The perfect theory of motor control would offer a frame
work or model that proposes the interaction within and be
tween intrinsic and extrinsic factors to produce movement.
Age-related change in any variable would then lead to a pre
dictable change in behavior that could be confirmed by
measurement. A variety of motor control theories have
been proposed to account for movement, discussion of
which can be found in two recent publications. 234 •235 These
contemporary perspectives on motor control view the bio
logical organism as "complex" and its behavior as "adap
tive." 103 Complexity belies the multitude of levels, including
the cell, organ, system, and organism, at which observation
can be made; adaptive suggests the utility of behavioral ac
tion that, for example, enables feeding, communication,
and locomotion (all movement activities) essential to the
function and survival of the organism-in this case the per
son. Change subs erving adaptive behaviors can then be
found at various biological and physiological levels. In the
specific context of aging, change over time has typically
been viewed as a progressive and deteriorating process. It is
a significantly different point of view to consider that
change across the life span may, in fact, involve compensa
tions in support of preserving adaptive movement function,
thereby enabling the organism to respond to environmental
and task demands.
The scope of this chapter is limited to addressing some of
the intrinsic changes that occur in the sensorimotor system,
including the brain. The assumption is made that sensation
must be intact for the individual to learn and to execute the
myriad of motor behaviors produced by the human. Since
any model of motor control assumes integrity of the neuro
musculoskeletal system, the information presented in this
chapter should be relevant regardless of the motor control
model assumed.
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The purpose of this chapter is to present the kinds of
changes that occur in the sensorimotor system of the aging
human. A commonly uttered classroom phrase is "Who
cares?" In this case, the question should be more specific:
"Why should a physical therapist care about biological, cel
lular, or systems changes associated with aging?" Perhaps the
most important reason to care is to emphasize the multiple
factors that influence the older person's ability to produce a
particular movement in either the clinical situation or the
context of daily life. As more knowledge about performance
is gained, it is important to remember the impact of the sys
tems involved in producing the performance. If the nervous
system or muscle is incapable, less capable, or uses different
strategies to respond to external stimuli, then clinicians need
to incorporate such information into their decision-making
to provide effective treatment. For the individual who pre
sents in the clinical situation with another primary diagno
sis, age-related changes in function must be considered as a
background upon which this new diagnosis is superim
posed. For example, due to age-dependent changes in the
sensorimotor system, the older adult who has suffered a
stroke may recover differently from the younger person who
has had a stroke. This chapter highlights the changes that oc
cur with aging in the sensorimotor system in order to inte
grate this knowledge with that of various disease processes
and provide a more comprehensive view of clinical expecta
tions for the older adult.
A variety of research techniques used by individuals in a
number of different disciplines are presented in this chapter.
Since individual researchers focus on a specific aspect of ag
ing, it is necessary for the physical therapist practitioner to
gather information collected from a variety of laboratories
that used different techniques to construct the integrated
"picture" of age-related effects on the whole system-the
person. The student who is interested in the impact of aging
on sensorimotor changes is, therefore, faced with informa
tion from a variety of disciplines that are all relevant to what
initially may have seemed to be a simple question.
This chapter assumes a working knowledge of neuro
science, and the reader is encouraged to use a neuroscience
textbook as a companion to the material presented. Several
illustrations of normal anatomy have been included to re
mind the reader of names and locations of some of the ner
vous system structures referred to in the text.
The chapter is subdivided into five major sections. The
first section focuses on neuroanatomical and neurochemi
cal changes that have been reported to occur in the central
nervous system (CNS) with primary emphasis on the
brain; in the second section, changes in various sensory
systems including the visual, auditory, vestibular and so
matosensory systems are reviewed; section three examines
the age-related changes reported in the motor unit, includ
ing the muscle and its peripheral efferent connections; sec
tion four examines changes in the sensorimotor system and
includes a discussion of reflex and reaction time testing;

section five discusses the potential for adaptation in the
older individual.

NEUROANATOMICAL CHANGES WITH
AGING
One theory associated with the process of aging is that mitotic
cells undergo a programmed number of cell doublings until
cell division ceases in the senescent cell. 83 Loss of the ability to
replicate is, therefore, thought to be a primary mechanism in
the aging process. How does this theory apply to the neuron?
Most neurons are postmitotic cells, i.e., cells that do not di
vide. What causes the loss of neurons and synapses? Is there an
indication that the morphology of the aging brain is different
from the younger brain? When is the neuron considered an
aged cell? dinically, the assumption has been made that loss
of synapses and, therefore, loss of communication among
neurons leads to the development of dementia. 102 These are
the types of questions that this section addresses.

Morphology and Physiology
Neuroanatomical Changes in the CNS
Gross Brain Changes. A linear, age-related decrease in
adult brain weight has been well-documented. 95 The general
trends noted from earlier studies in which autopsy materials
were used to study brain weight have been confirmed by
more recent studies that have used computer tomography
(CT), positron emission tomography (PET), or magnetic
resonance imaging (MRI) to examine the brain.
Peress, Kane, and Aronson,164 using 7579 brains from au
topsies of subjects from the third to the tenth decades, con
cluded that both males and females showed a steady linear
decline in brain weight and that the decline was in both the
supratentorial and infratentorial areas. Miller, Alston, and
Corsellis l37 studied 91 brains from ages 20 to 98 years and
found no change until age 50, and then a 2% decrease per
decade. The progressive decrease in brain weight and vol
ume begins in middle life, and the current estimates are a to
tal loss through the life span of about 15% of adult brain
weight. 56 More recent efforts in which brain weight was nor
malized to body weight and careful screening was performed
to select mentally intact individuals continues to support the
phenomenon of an age-related decline in brain weight and
volume. 102
Changes in gross morphology accompany the decrease in
overall brain weight and volume. The two most prominent
age-related features are a decline in the physical dimensions
of gyri, known as gyral atrophy, and ventricular dilation (Fig.
5-1). Gyral atrophy describes a decrease in the gray or white
matter or both. The term "gyral atrophy" is preferred to "cor
tical atrophy" because it remains unclear whether this mor
phological change occurs in the cortex, its underlying white
matter, or both. 105 Postmortem investigations and in vivo
studies using CT support the finding that gyral atrophy oc
curs as an age-related phenomenon. Significant gyral atro
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FIG. 5-1 The ventricular system is projected into a hemisected brain to show its location. The anterior
horn, body, posterior horn, inferior horn, and atrium are the subdivisions of the lateral ventricles. (From
Nolte J: The Human Brain: An Introduction to Its Functional Anatomy, ed 2. St. Louis, Mosby, 1988. Used by
permission. )

phy, when present o.n autQPsy, is no.t fQund througho.ut the
cerebral co.rtex but appears to. be limited to. specific regiQns,
including the cQnvexities Qf the frontallQbes, the parasagit
tal regiQn, and the tempQral and parietal IQbes. s8 •lOs It ap
pears that gyral atrQphy begins in the parasagittal regiQn, ev
idenced by a strQng statistical correlatiQn between
chrQnQIQgical age and atrophy in this regiQn. 107 In a study Qf
healthy men ranging from 31 to. 87 years Qf age, atrophy was
present in the PQstcentral gyrus (Brodmann's areas 1,2,3) Qf
the left parietal Io.be and in the assQciatiQn areas (Brod
mann's areas 5 and 7) o.f the right parietal Io.be in Qlder
adults (Fig. 5-2, A and B, and Fig. 5_3).184 No.ticeably, in
volvement o.f the tempQrallQbe is mo.re likely to. QCcur Qn the
left and to. be exaggerated in the PQlar regio.n. 105 There is
SQme significant individual variatio.n in gyral atrQphy, and
there is also. a significant linear co.rrelatio.n between gyral
thickness and chrono.lo.gical ageP Interestingly, when exam
ined using MRI, no.t all aged subjects sho.W brain atro.phy.
Observatio.ns made by MRI suggest that brain atro.phy is no.t
an inevitable co.nsequence o.f advancing age. 56 Moreo.ver,
such findings invite questio.n regarding the assQciatio.n be
tween gro.ss mo.rphQIQgical changes in brain tissue and cor
tical functiQn.
Ventricular dilatiQn has been repo.rted to. aCCQmpany
bo.th aging and decreased brain weight (see Fig. 5 _1).106 The
lateral ventricles are mo.st commQnly examined in this re
gard. In general, a prQgressive increase in the size Qf the
ventricles o.ccurs up to. the seventh decade, fo.llo.wed by a

marked ventricular increase in individuals in the eighth
and ninth decades and a plateau in ventricular enlargement
thereafter. It remains unclear whether an increase in ven
tricular size is a significant Qr reliable predictQr Qf intellec
tual functio.n. Fluid vQlume in the ventricles and subarach
nQid space has been fQund to. increase after the sixth
decade. This increase in cerebrQspinal fluid in the ventri
cles has been fo.und to. co.rrelate highly with impairments o.f
higher intellectual functio.n, including naming and abstract
reasQning. los
SQme evidence suggests a relatio.nship between a specific
area Qf atrophy and functiQn. 68 •140 Fo.r example, enlargement
Qf the left lateral sulcus (fissure o.f Sylvius), suggesting lQSS
Qf co.rtical tissue, has been co.rrelated with decreased co.gni
tive perfQrmance.68 AtrQphy o.f specific brain regiQns is nQw
being used in the diagnQsis Qf neurQdegenerative diseases
such as Alzheimer's disease (AD). Much additiQnal study
using neurQPsychQIQgical prQto.co.ls is required to. define the
relatiQnship between cQgnitive Qr functio.nal status and
clinical tests, the results o.f which characterize cQrtical atrQ
phy. In general, gyral atro.phy, decreased brain weight, and
increased ventricular dimensio.ns are quite exaggerated in
the brains Qf individuals affected with Alzheimer's dis
ease.IOS As is the case in the aging PQPulatiQn, there is a co.n
siderable interindividual variatio.n in these mQrphQIQgical
features, with so.me o.verlap demo.nstrated between nQrmal
individuals and tho.se affected with pathQIQgies including
Alzheimer's disease.
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FIG. 5-2 A, Major regions of the brain are seen in a lateral view. The central sulcus separates the precen
tral gyrus from the postcentral gyrus. B, Regions of the cerebrum, cerebellum, and brainstem shown in a
sagittal plane. The portions of the corpus callosum, the major pathway for communication between the left
and right hemispheres, are the rostrum (R), splenium (S), and genu (G). (From Nolte J: The Human Brain:
An Introduction to Its Functional Anatomy, ed 2. St. Louis, Mosby, 1988. Used by permission.)

CNS Metabolism and Cerebral Blood Flow
The classic view is that cerebral blood flow (CBF) is regu
lated to meet the requirements of cell metabolism. Glucose
is the main energy source for cerebral metabolism, and thus
various studies have demonstrated the relationship among

the rate of cerebral glucose utilization, oxygen requirements
to support glucose metabolism, and the integrity of CNS
function l95 Metabolic rates of glucose utilization in the in
tact human can now be examined using radioactive glucose
analogues and dynamic imaging techniques. 176 The assump-
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PIG. 5-3 These two diagrams illustrate some of the functional areas of the cerebral cortex and their ap
proximate associations with Brodmann's areas. Brodmann's areas 9 and 10 are not depicted here but are
found anterior to the premotor cortex in the frontal lobes and are associated with cognition and other
higher functions. (From Nolte J: The Human Brain: An Introduction to Its Functional Anatomy, ed 2.
St. Louis, Mosby, 1988. Used by permission.)

tion that cerebral atherosclerosis is associated with the aging
process has led to the suggestion that poor CBP may be a pri
mary mediator of brain tissue deterioration. 211
However, the belief that compromised CBP leads to less
oxygen and glucose delivery and thus compromising neu
rons and leading to neuronal death has been challenged.
CBF and cerebral metabolic rate of oxygen utilization di
minish with normal aging. Rapid declines in CBF and cere
bral metabolism have been observed between the first and
third decades of life, whereas a more gradual decline occurs
between the third and tenth decades. 109 Significantly, the
rates of decline in CBP and metabolism are not regarded as
important, and it has been noted that CBF and metabolism
may change at different rates. 95 The age-related rates of de
cline in blood flow, oxygen requirements, or glucose utiliza
tion by the brain are not profound enough to account for
the extent of gyral atrophy that accompanies aging. Thus,
other factors must be explored to account for degradation
in the cerebrum.

CORTICAL CELL Loss ABSENT WITH
NORMAL AGING
As recently as a decade ago the common teaching was of pro
gressive neuronal loss with aging (Wickelgren, 1996). This
representation of neuroanatomical decline was apparently
consistent with the model of psychomotor and behavioral
deterioration typically manifested with aging. More recent
efforts at understanding the neurobiology of aging have
demonstrated that tissue samples from which these histori
cal data were obtained often included specimens that today
would be considered reflective of pathology. Moreover, the
prevalent tissue processing techniques of the time were such
that shrinkage of tissue in fixation was not only consider
able, but due to age-related differences in water content,
more dramatic in the case of young than old tissue. Excessive
tissue shrinkage rendered increased cell density per unit vol
ume of tissue, and since the typical criterion measure of the
day was neuronal density, the findings reported significantly
greater cell numbers in young than older individuals.
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Accordingly, the notion of cortical neuronal loss with aging,
i.e., the maxim that between 50 to 100,000 neurons are lost
each day, became the accepted construct. 105
More recently, research using contemporary neu
roanatomical techniques, including more careful tissue fixa
tion and stereological evaluation of cellular parameters, has
demonstrated across species that cortical neuronal loss is not
evidenced with normal aging. 81,\66.167 This recent finding is in
stark contradiction to prevailing thinking,·3 which empha
sizes the need to differentiate biological effects due to nor
mal aging and progressive, pathological changes that be
come more prevalent with advancing age. Moreover, this
finding necessarily changes the neuroanatomical focus with
normal aging from the cellular to subcellular level.
It is the case, however, that loss of cortical neurons is
manifest with dementing processes and, importantly, that
approximately 5% of individuals older than 65 years and
50% of individuals older than 85 years are affected with de
mentia. At one time those few, elite individuals who appar
ently defied our expectation of aging were considered re
markable and fortunate. There is now in science and
medicine growing consensus 36 that these individuals must be
acknowledged as representative of"normal;' not usual, aging
in order to gain insightful differentiation between the ill-de
fined changes of late life, which often resemble subclinical
cases of not only dementia, but Parkinsonism, and numer
ous other systemic pathological conditions.36.181

Subcortical Nuclei: Neurotransmitter Systems
If cortical cell loss is not directly related to aging, what then
are neurobiological changes that can truly be attributed to
aging? Evidence points to significant neuronal loss in sub
cortical regions, including the thalamus, striatum, and locus
coerelus lOS and notable cell loss from the basal forebrain and
hippocampus. 104.lOS,141.180 It is noteworthy that these regions
project to and function as modulators of higher cortical
function acting through a variety of neurotransmitters. Fur
ther, the "reticular core"-the diffuse network of neurons
and fibers that projects from the spinal cord, through the
brainstem, throughout the brain, and ultimately to the
cortex-is dramatically affected with aging. Due to its ubiq
uity, function of this system cannot be discretely defined, al
though it can safely be described as a system for incorporat
ing large amounts of information and hence subserves
important integrative function for behavior. !Os
In apparent conjunction with neuronal loss at the sub
cortical level, thinning is evidenced in cortical regions re
ceiving subcortical projections. For example, cortical layer I
in area 46 of prefrontal cortex demonstrates significant signs
of degeneration in dendritic extent and demonstrable in
creases in both neuroglia and pericytes. 166 The grave signifi
cance of cell loss in subcortical areas is the depletion of neu
rotransmitter functions. All affected subcortical systems
(i.e., substantia nigra, the midbrain raphe system, and basal
forebrain) are significant sources of neurotransmitters, i.e.,
respectively, dopamine, serotonin, acetylcholine, choline

acetyltransferase, and of projections to cortical association
areas. 105,167 Consequently the most significant neurobehav
ioralloss with aging is the ability to modulate activity. Thus,
there are anatomical substrates that explain the frequent as
sessment of important nervous function with aging as a "loss
of flexibility:' 1
Another age-related change evidenced across species is
the pervasive loss of Purkinje cells from the cerebellum
(2.5% per decade ).104 From the perspective of motor control,
this CNS structure plays a critical role in regulating the exe
cution of a wide variety and multiple aspects of movement,
including control of posture and balance, locomotion, se
quencing of movement, repetitive and alternating move
ments, and smooth pursuit eye movements. The cerebellum
is also important in controlling critical parameters of move
ment, including temporal patterning, velocity/acceleration,
and scaling of force magnitude. 72 Aside from Purkinje cell
loss, cerebellar dysfunction may be inferred because it is
highly myelinated. Age- related impairments in myelin are
notable, as will be discussed in the following text. In addi
tion, whereas regional metabolic activity of the cerebellum
appears significantly unchanged with aging, CO 2 reactivity is
clearly impaired, reflecting the degree of vascular respon
siveness to dilation/constriction. 204 Importantly, age-related
loss of motor coordination is directly correlated with oxida
tive damage in the cerebellum. Declines in motor and cogni
tive function occur at different rates but reflect regionally
specific levels of oxidative damage. 66 Further, loss of norad
renergic modulation important to cerebellar plasticity, e.g.,
motor learning, by acting as a GABA-ergic agonist, correlates
directly with rate of learning a novel motor task in old rats.
However, noradrenergic modulation is improved in caloric
restricted 24-month-old rats. The significance of this finding
is that caloric restriction is the only model known to reliably
forestall the oxidative cellular damage that accumulates with
aging. 14.15.75 Hence we are presented with of a body of evi
dence indicating significant age-related impairment in
modula-tory activity, plasticity, and global cerebellar regula
tion of movement.
Cellular and Subcellular Components
Myelin. As discussed earlier, among the most salient
neural changes with aging is a progressive decrease in brain
weight beginning in the third decade and totaling approxi
mately 100 grams, or 7%, across the life span.81 ,205 Whereas
this gross anatomical feature was once attributed to cell
loss,2s it is now evident that much of the loss in brain mass
occurs in white matter, or myelinated structures. This sug
gestion is made from results of both histochemicaP19 and dy
namic imaging techniques,s both of which evidence reten
tion of the "cortical ribbon" comprised of gray matter or
neuronal structures (Fig. 5-4). Deterioration of myelin af
fects the cortex, evident through gyral atrophy; the long cor
tico-cortico fibers; and the reticular core previously dis
cussed. Not only does volume and mass of myelin diminish,
but the integrity of myelin is also impaired. Swelling and
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"blebbing" of myelin are commonly observed, which need
less to say, affect the rate and quality of axonal conduction. 219
While loss of myelin, in and of itself, is a significant neu
roanatomical effect, it appears that the structures that take
the longest to myelinate with development, Le., cortex, long
intercortical pathways, and corticospinal pathways, are the
first to be affected with aging. 104,los
In the context of neural function, deterioration of
myelin is important for rapid, accurate, and effective trans
mission of signals. Importantly, the ability of individual
cells and nuclei within the CNS to communicate depends
heavily on myelinated structures. Thus, slowing of psy
chomotor speed, delayed processing with increasing com
plexity of information requiring communication and activ
ity of cortical association areas, and transmission of motor
responses via corticospinal and peripheral neural pathways
can easily be understood on the basis of compromise to
myelinated structures.
i If

,

~

Cellular Components and Processes
Survival of cortical neurons does not guarantee their un
compromised function. Impairment has been documented
in a number of important cellular features, including mem
brane prop,erties, neurotransmitter synthesis, integrity of
neurotransmitter receptors, and oxidative metabolism. In
addition, notable inclusions in the cytoplasm, lipofuscin,
and phagocytic debris become increasingly prevalent while
clumping of mitochondria occurs in the nucleus. Decreased
levels of cytochrome oxidase, the final step in the oxidative
metabolic pathway leading to ATP synthesis, has been noted,
inferring compromised cerebral metabolism. To concur with
this cellular phenomenon, decreases in regional cerebral
blood flow have been widely documented. 96,167 It is notewor
thy that nonpyramidal cells are more prone to these cellular
inclusions.
The most common reported age-related changes at the
cellular level are the presence of lipofuscin, the senile or neu
ritic plaque, and the neurofibrillary tangle (NFT). Lipofus
cin is a dark, pigmented lipid found in the cytoplasm of ag
ing neurons. 24 The effect of this pigment on cell function
remains unclear. There is speculation that an excessive accu
mulation of lipofuscin may interfere with the function of the
neuron, although its primary role at this time is as a biolog
ical marker of aging. 58 Neuritic (senile) plaques are discrete
structures located outside of the neuron 58 and comprised of
degenerating small axons, some dendrites, astrocytes, and
amyloid. Plaques have been nicknamed "tombstones" in ev
idence of their association with neuronal degeneration. lOS Al
though the senile plaque is found in human disease (e.g., in
Parkinson's disease and dementias),225 it is also reported as a
normal age-related change. '43 Plaques have been reported to
occur beginning in the fifth decade; to be located primarily
deep in the sulci of the neocortex, hippocampus, and amyg
dala; and to increase in number with advancing age. A sig
nificantly increased number of plaques is clearly observed in
dementia. 101,102

Whereas the neuritic plaque is thought to occur most of
ten in the neocortex, NFTs have been reported to occur in the
hippocampal formation and in specific brainstem nuclei in
the healthy aging brain.7 The origin of the NFT is unknown,
but it is distinguished in structure and location from the
plaque. 226 The NFT appears to occur within the perikaryon
and is first identified with silver stain as a darkly stained, thick
band that later increases and becomes twisted. The NFT of
ten displaces the nucleus and distorts the cell body. Like the
plaque, the NFT is noted more commonly with advancing
age, but its presence is quite exaggerated, particularly in the
neocortex, in dementia. The presence of neurofibrillary tan
gles in the cortex is a hallmark of dementia.
Also at the cellular level are signs of degeneration in den
dritic number and extent. Loss of dendritic branches from
the basal/apical trees are most notable, as is a frank decrease
in overall dendritic population. 43 Dendritic proliferation
typically accompanies improvements in learning, memory,
and performance, thus loss of these delicate and sensitive
structures portends decreased capacity for important neural
processing and performance. Decreased synapses between
cells also appears to be an age-related phenomenon and an
important mechanism subserving integrated neural func
tion (Fig. 5_5).20
Taken together, the evidence regarding cellular degenera
tion with aging points to alterations in overall integrity of
CNS functioning on a more global level. Interestingly, be
havioral performance directly parallels age-related alter
ations in white matter and cellular integrity. By way of ex
ample, aged primates trained to perform a recall task that
involved choosing a nonmatching stimulus following a tem
poral delay demonstrated performances that corresponded
in rank-order to the qualitative state of both neuronal struc
ture and myelin integrity in layer I of Brodmann's cortical
area 46. 166 In the specific context of motor control, Haug rec
ognized fewer signs of aging in cortical sensory areas 7 and
17 but striking deterioration of motor area 6, critical to mo
tor planning and programming, which is targeted by striatal
pathways from the basal ganglia. s1

Summary: Neuroanatomy
At the gross level, brain structure becomes progressively
changed with chronological age. In contrast to historical
perspectives, however, evidence from current research sug
gests that these changes that include gyral atrophy, decreased
brain weight, and ventricular dilation fail to map directly to
functional change in higher cortical function in normal ag
ing. Importantly, evidence has been presented refuting the
traditional canon that cortical neurons are lost progressively
with age. Thus, age-related change in the central nervous
system shifts its focus to selective cell loss in specific subcor
tical formations, including the substantia nigra, the basal
forebrain (nudeusbasalis of Meynert), locus ceruleus,
brainstem, and cerebellum. Neuronal loss in these subcorti
cal regions appears to occur most in regions projecting to
the cortex, thus compromising modulation of higher corti
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as evidenced by reduced metabolic activity. Importantly,
synthesis of neurotransmitters is reduced.
It is now possible to differentiate normal aging from the
numerous pathological conditions that accompany aging.
Moreover, it is tremendously important to differentiate nor
mal aging from pathology. In pathologies, including
Alzheimer's disease and other dementias, cortical neuronal
loss is remarkable and accompanied by exaggerated neu
ronal loss throughout the brain. Neurofibrillary tangles
(neuronal inclusions) and neuritic plaques (extracellular
bodies, scarring) are widely prevalent in the brains of indi
viduals with Alzheimer's disease. Thus the contrast can be
drawn between subtle slowing and deterioration of the high
est levels of function in normal aging'and remarkable neu
ronal loss, leading to wholesale impairment of executive
function including memory, reasoning, language, and inte
grative function.

FIG. 5-5 There are a variety of forms of neurons. The neuron in
A is a pyramidal cell and typical of the cerebral cortex. The bumps
on the dendrites are dendritic spines, which appear to enhance
synaptic contact area. The axon is labeled a in each of the illustra
tions. The Purkinje cell, the neuron depicted in B, may be viewed as
the final common pathway leaving the cerebellar cortex. C, A sym
pathetic postganglionic neuron. D, An alpha motoneuron; a motor
unit consists of this neuron and all the muscle fibers it innervates
through its branching axon. The neuron depicted in E is a dorsal
root ganglion cell. (From Willis WD, Grossman RG: Medical Neu

robiology: Neuroanatomical and Neurophysiological Principles Basic
to Clinical Neuroscience, ed 3. St. Louis, Mosby, 1988. Used by per
mission.)

cal function. Age-related decrease in brain weight and di
mension is very closely associated with deterioration of
myelin.
Rather than frank neuronal loss, normal aging of the
brain results from general deterioration at the cellular level
and decline in the ability of individual cells within a region
to work together to produce integrated action. Lipofuscin
accumulates intracellularly with aging but at this time is re
markable only as a biological marker of aging. Other cellular
level features of normal aging are inclusions of phagocytic
debris, clumping of mitochondria, and deterioration of neu
rotransmitter receptors. Cell function becomes diminished,

NEUROCHEMICAL CHANGES IN THE
CNS WITH AGING
Morphological changes in the aging brain described in the
preceding text are accompanied by significant neurochenii
cal changes. Primary neurotransmitters (NTs) include ace
tylcholine, dopamine, norepinephrine, serotonin, gamma
aminobutyric acid (GABA), excitatory amino acids, opioid
peptides, and other peptide neurotransmitters. Detailed
reviews of the age-related changes for the neurotransmit
ters and the intracellular action of NTs are available. m •m
Since most of the research related to NTs and aging was
derived from animal models, caution must be exercised in
generalizing the research findings to humans. This section
focuses only on acetylcholine and dopamine as examples of
the kinds of research relating to aging changes in neuro
transmitters.

Acetylcholine
Acetylcholine (ACh) is essential to the function of the cen
tral and peripheral nervous systems and is utilized in both
the somatic and autonomic nervous systems. Acetylcholine
has been the focus of extensive research during the past 20
years because of the location of cholinergic neurons in the
basal forebrain and the neural connections with structures
associated with learning and memory. The "cholinergic hy
pothesis" attributes learning and memory deficits to a de
cline in the cholinergic systems of the forebrain. 147 A pri
mary site for ACh is in the basal forebrain, where the
cholinergic system innervates the hippocampus, neocortex,
and amygdala. Since the hippocampus is one of the struc
tures associated with memory and learning, many investiga
tors have tried to establish a link between the presence of
ACh and the integrity of short-term memory and learning.
Extensive research using animal models has involved assay
ing whole brains for ACh content, producing lesions and ob
serving behavioral responses, introducing fetal tissue to re
place lost cholinergic neurons, and introducing specific ACh
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excitotoxins or ACh uptake blockers. Research in humans
who display Alzheimer's disease (AD) has enabled correla
tion between the behavioral correlates of ACh deficits seen
in the animal models and the patients.!'7 For example, ani
mal models that demonstrate a loss of cortical acetylcholine
display a selective memory loss of recent events and infor
mation. 13 Other investigators have reported reduced cortical
ACh content in the aging human and a profound loss of
acetylcholine in specific cortical sites in patients with
Alzheimer's disease.71
A variety of studies using both animals and humans sug
gest that appropriate pharmacological or dietary manipula
tion improves short-term memory losses under certain condi
tions. Rogers and Bloom reviewed a series of experiments in
animals and humans suggesting that the acetylcholinesterase
(ACE) inhibitor physostigmine or dietary supplements using
one of the precursors for acetylcholine, choline, or lecithin
showed some promise for delaying or improving senile cogni
tive deficits. 177 The results remain controversial at this time,
and additional work is necessary before its therapeutic efficacy
is embraced. A review of the vast literature related to the role
of ACh suggests that there are age-dependent changes in the
cholinergic system and that ACh plays a critical role in cogni
tive function. Damage to the cholinergic neurons that connect
with more rostral portions of the basal forebrain structures
disrupts learning and memory; damage to regions of the neo
cortex that receive the basal cholinergic neurons results in
deficits in attentional function.!47 Much more research is nec
essary to elucidate the specific mechanisms associated with a
decline in the cholinergic system with aging.

Dopamine
Although dopamine (DA) is widespread in the CNS, the
most frequently studied dopaminergic neurons are those lo
cated in the substantia nigra that project to the striatum of
the basal ganglia. 177 The dysfunction of these neurons is di
rectly related to Parkinson's disease. DA is also located in the
diencephalon and the medulla. Changes in the synthesis, in
activation, catabolism, content, and receptors have all been
reported with aging. The synaptic actions of DA are termi
nated by presynaptic reuptake and by actions of enzymes
such as monamine oxidase. Again, the research identifying
age-related change to each of the aspects of metabolism and
catabolism is incomplete and controversial.
In general, there is consensus that the amount of DA pre
sent and the number of receptors in the striatum of the basal
ganglia decrease after the fourth decade. On the other hand,
the number of receptors increases in persons with Parkin
son's disease. Rogers and Bloom explain this disparity by
suggesting that the person with Parkinson's disease may still
be able to compensate for the decreased amount of neuro
transmitter, whereas the aging individual may have lost this
compensatory capacity. 177 The administration of L-Dopa, a
precursor of DA that crosses the blood-brain barrier, has
been shown to improve motor function in aged rats and in
humans with Parkinson's disease. Much additional research

is needed, particularly in regard to the role of DA in motor
function of aging humans.

Summary: Neurotransmitters
Evidence exists to suggest that age-related changes occur in
each of the major neurotransmitter systems, but the precise
mechanism that produces a change in NT content remains
unclear. Aging can affect a variety of steps between synthesis
of the NT to the final production of a response in the post
synaptic cell. It is difficult to relate the loss of a specific NT
to a decline in functional performance. Loss of function may
be related to the synergistic effect of multiple neurotrans
mitters or may re:(lect an age-related lack of balance among
neurotransmitters. At this time the role of neurotransmitters
and behavior remains at the descriptive level. Currently
emerging research on the role of estrogen in preventing neu
ronal circuit degeneration emphasizes the need for better
understanding of the neuroendocrine changes that accom
pany aging. 145 Much work needs to be completed before it
will be obvious whether dietary or pharmacological supple
mentation will increase the synthesis or action of a particu
lar neurotransmitter or retard changes in neuronal circuitry
and thereby retard age-related change or improve function.

SENSORY CHANGES WITH AGING
It is a generally accepted concept that sensory integrity de
clines with aging. The clinician is interested in learning
which sensory systems are affected and which part of the sys
tem is affected. Are there specific targets of the pathway that
are more susceptible to the process of aging? Is there a de
crease in the speed with which the nervous system responds
to external stimuli in the older individual? If so, where is the
change occurring? Are the afferent, central, and efferent sys
tems equally affected by age?

The VISual System
There is a gradual decline in vist;lal acuity before the sixth
decade followed by a rapid decline in many patients from 60
to 80 years of age. 3 Visual acuity may decline as much 80%
by the ninth decade. Impairment of visual accommodation
has been noted. 23 By age 40 to 55, visual correction is neces
sary in most people for accurate near vision. Common oph
thalmological disorders in the older person include
cataracts, glaucoma, and macular degeneration.
Visual acuity is a measure of visual discrimination of fine
details.42 The macula lutea, located in the posterior pole of the
human eye, is only about 6 mm in diameter, but it is the most
important part of the eye for contrast discrimination because
of the high concentration of cone receptors in this area. The
innermost part of the macula is the fovea, and it is about 1.85
mm in diameter. Age-related maculopathy (ARM) is an age
related degenerative disorder of the macula that occurs with a
rising prevalence in persons 50 years and 01der.108 The late
stages of ARM are called age-related macular degeneration
(AMD). The prevalence of AMD is up to 15% in persons older
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than 85 years, and AMD is the most common cause of blind
ness in the elderly. At this time there is no adequate therapy for
the majority of people disabled by AMD. A standard eye chart
examines the integrity of the cones in the macula and their
connection with the visual pathway. Testing for visual acuity
with an eye chart assumes that the ability of the eye to resolve
the smallest letter demonstrates the eye's ability to resolve
larger objects and that contrast is not important.42 Such as
sumptions are valid for reading; letters are small and there is
high contrast between the letters on the written page and the
background. The need to resolve fine details of high contrast
may not be meaningful for other visual tasks, such as recog
nizing a step in a dimly lit hallway or recognizing a larger ob
ject such as a face in a crowd of faces. Therefore, traditional
acuity testing may describe the person's ability to read but may
not test "functional" vision.
Traditionally, changes in visual acuity have been related
to a change in the optical portion of the visual system-the
structures within the eyeball. 42 The small pupil that occurs
with aging and the clouding of the lens and its inability to
change its shape (accommodation) were the primary targets
for visual correction in the older individual. The most com
mon visual problem among older adults is presbyopia, or
difficult focusing on near objects. It is important to recog
nize the complexity of the visual system and to note that in
vestigators are examining the effect of aging on each aspect.
For example, the causes of loss of age-related changes in ac
commodation (presbyopia) are a source of multiple lines of
investigation. Among the possible causes for presbyopia are
increased stiffness in the lens substance, decreased stiffness
in the lens capsule, decreased effectiveness of the ciliary
muscle, increased stiffness of the choroid, and a changing
geometric relationship among the components of the ac
commodative system. 233 Recognizing the lack of understand
ing related to the underlying mechanisms associated with
presbyopia should assist the clinician in recognizing that de
tection of visual acuity problems in patients may not lead to
correction and that compensatory strategies are critical to
ensure maintained functional ability.
Impairment in other aspects of the visual system also ac
company aging so that if correction of the optical system in
the aging individual is possible, the correction may not lead
to improved functional vision. Presentation of a visual stim
ulus such as a reversing checkerboard pattern to the human
eye will reliably evoke consistent electrocortical activity. The
visual evoked response (VER) has a characteristic deflection
pattern and predictable latency, and results of using this
technique have been reviewed. 169 After maturation, there is a
general slowing in the latency of the VER to stimuli with
high spatial frequency that appears age-related. The slowing
has been proposed to occur due to a decrease in the number
ofaxons in the optic nerve and changes in processing in the
thalamus and occipital cortex. Therefore, glare and abrupt
changes in light are problems for the older adult. This diffi
culty may explain some of the factors that lead the older per
son to give up night driving and may increase his/her risk of
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falling. Although additional research is necessary to correlate
the electrical with physical findings, some of the changes in
the visual system will be reviewed that may account for the
increased latency in the visual pathway.
Aging affects more than just the optical system. Age
related changes in the sensory components of the visual sys
tem have been demonstrated beginning at the retina. Pho
toreceptors demonstrate an age-related loss as does the
function of the ganglion cells within the retina and of their
axons that project to the thalamus. 67 The number of neurons
in portions of the primary visual cortex (Brodmann's area
17) is significantly reduced with aging. 52 A loss of one half of
the cells that process information has been proposed based
on the comparison of neuronal density at age 20 to neuronal
density at age 80.
Other age-related deficits in the visual system have been
noted.42.189 Aging affects the integrity of the visual fields,
dark adaptation, and color vision. Color discrimination
changes also take place with aging. In particular, older adults
have more difficulty identifying blues and greens. There is a
differential loss of sensitivity to blue, but there is also some
loss of sensitivity over the entire spectrum by the fourth
decade. Spatial visual sensitivity decreases in the older adult,
especially to low spatial frequencies and slow moving targets.
The motor integrity of the visual system is not spared
during aging. Pupillary responses are diminished, or even
absent, and the size of the resting pupil decreases
markedly.128 The corneal touch threshold increases through
out life, although the decline is more rapid after the fifth
decade. By the ninth decade, corneal sensitivity is reported
to be only one half to two thirds as great as in the second and
third decades. 139 The corneal reflex may be entirely absent in
elderly normal patients.
The ocular motor system also undergoes a progressive
lossY Convergence is compromised, ptosis occurs, and there
is a symmetrical restriction in upward gaze. Smooth pursuit,
saccades, and optokinetic nystagmus are each reduced in the
elderly.
In summary, corrected visual acuity in the older individ
ual may not lead to enhanced functional vision. There are a
variety of changes that occur along the visual sensory and vi
sual motor pathways that lead to a host of age-related
changes in the visual system. Careful functional visual
screening is essential for elderly persons who are having dif
ficulty maneuvering in the environment.

The Auditory System
Although changes in the auditory system have been demon
strated as early as the fourth decade, functional impairment
is not typically evident until the seventh decade. 82 More than
one half of all Americans who suffer significant hearing loss
are 65 or older. Hearing has been related to independent life
style: 39% of individuals 75 or older and living in the com
munity have been reported to have a hearing loss, whereas as
many as 70% of institutionalized older adults have difficulty
hearing. 175
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Presbycusis, age-related decline in auditory function, is
the most common cause of hearing loss in adults. IS Presby
cusis is characterized by the gradual, progressive onset ofbi
lateral hearing loss of high-frequency tones. This age-related
change can reflect cellular aging in the auditory and CNS
pathways as well as acoustic trauma, cardiovascular disease,
and the cumulative effects of ototoxic medications. Presby
cusis can occur for at least two distinct reasons; (1) changes
in the peripheral sensory organ; the outer, middle and inner
ear; or changes in the central pathway or (2) changes in the
auditory portions of the cerebral cortex. The peripheral
structures are related to hearing sensitivity, whereas the cen
tral systems are related to understanding speech, especially
under difficult listening conditions.
Age-related changes in hearing include a slowly progres
sive, bilateral hearing loss, affecting high-frequency sensitiv
ity first and later involving loss across the entire spectrum.82
These changes are related to age-related alterations in the
cochlea. Word recognition and sentence identification tasks
both show an age-related exponential decline, suggesting a
decrease in perceptual processing of the temporal character
istics of speech. A build-up of ear wax, i.e., cerumen, in the
external auditory canal can also impair hearing. 1M As the in
dividual ages, the cerumen glands atrophy and produce drier
cerumen.
The data just presented are supported by results from a
study in which 1662 men and women were examined be
tween the ages of 60 to 90 years'?o Pure-tone thresholds in
creased with age, but the rate of change with age did not dif
fer by gender, even though men had poorer threshold
sensitivity. Maximum word recognition ability declined more
rapidly in men than in women. Hearing aids were being used
in only 10% of subjects likely to benefit from this device.
The relationship between satisfaction with hearing aid
use and the site of auditory lesion was studied in another in
vestigation. 134 As the site of lesion moved from peripheral to
central, subjects' satisfaction with the hearing aid declined.
In subjects with purely peripheral, conductive hearing loss,
satisfaction with hearing aid use was as high as 84%. In sub
jects with damage to a central site, i.e., sensorineural hearing
loss, satisfaction declined to less than 15%.
In a study designed to determine some of the factors that
may affect spoken-word recognition in hearing-impaired
older listeners, the findings suggest that there are distinct
age-related changes in speech recognition. 196 A reduced abil
ity to distinguish talkers or voice characteristics by age, race,
or gender was associated with normal aging and in the older
adults with presbycusis. The ability to accommodate for al
terations in speaking rate was not an age-related phenome
non but only present in older subjects affected by age-related
hearing impairment. Finally, age, but not age-related hearing
loss, reduced the older person's ability to ignore irrelevant
aspects of speech waveforms, i.e., reduced signal-to-noise ra
tio. The findings of this study support the clinical observa
tion that older persons may have difficulty recognizing the

talker and that accelerated speech and shouting can increase
the distortion for the older listener.
In summary, aging can produce different hearing disor
ders that interfere with social interaction. Since a primary
mode of communication with our patients is verbal, appre
ciation of any impairment to the auditory system is critical
for the clinician.

The Vestibular System
Complaints of dizziness and disequilibrium are common in
older persons. Since other chapters in this book address the
functional aspects of the vestibular system, this section fo
cuses on neuroanatomical or physiological changes and
some functional correlates that have been cited for the
vestibular system during aging.
The vestibular end organs are responsible for transform
ing the forces associated with head acceleration into action
potentials, producing awareness of head position in space
(orientation), and motor reflexes for postural and ocular sta
bility.s The utricles and saccule sense linear acceleration, and
the semicircular canals monitor angular acceleration. At rest,
the afferent nerves from these structures maintain a bal
anced tonic rate of firing. The tonic activity and its change in
level with head movement are used in cortical, brainstem,
and spinal centers to elicit the appropriate vestibuloocular
and vestibulospinal responses.
Presbyastasis is the term to describe age-related disequi
librium when no other pathological condition is noted. 106
Studies of the vestibular system indicate an age-related 20%
decline in hair cells of the saccule and utricle and a 40% re
duction in hair cells in the semicircular canals. 97 A recent re
port of changes in the vestibular nuclear complex of persons
aged 40 to 93 years suggests a 3% neuronal loss per decade. 127
Neuronal loss was greatest in the superior vestibular nucleus,
a nucleus that receives most of its input from the semicircu
lar canals, and least in the medial vestibular nucleus. Age-re
lated changes in the morphology of the vestibular system
correspond to changes in vestibular function using caloric
testing, i.e., bathing the auditory canal with warm or cold
water and examining ocular responses.106 Young patients re
spond with involuntary eye movements of high frequency
and large amplitude when warm or cold water is placed in
the auditory canal compared with persons older than 60
years. Age-related changes in the vestibulospinal system are
more difficult to assess because of the prominent overlap in
function with other descending sensory-motor pathways. It
is not clear whether these changes reflect a change in the in
tegrity of the labyrinth, diminished CNS modulation, or
vascular changes.
Presbyastasis must be distinguished from pathology of
the vestibular system in older individuals. Vertigo, nystag
mus, and postural imbalance may be symptoms of age-re
lated decline if underlying vestibular pathology is ruled out.
The incidence of presbyastasis in the healthy aging popula
tion is not available.
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The literature suggests that disequilibrium may be attrib
uted to the normal aging of the vestibular system in addition
to other factors that include vestibular pathology, changes in
other sensory systems, and changes in the motor system.
Differentiating the causes for disequilibrium may lead to
more successful treatment intervention.

The Olfactory and Gustatory Systems
Decrements in the chemical senses of smell and taste are
common aspects of aging. 186 Hyposmia, a diminished sensi
tivity to smell, and hypogeusia, a diminished sensitivity to
taste, are both reported as age-dependent changes in the ol
factory and gustatory systems, respectively. The mechanisms
that account for the age-related changes in the two systems
remain equivocal. Age-related rather than trauma-related
hypotheses for hyposmia include changes beginning in the
structure and function of the upper airway and include
changes in the olfactory bulb and nerves, hippocampus,
amygdala, and hypothalamus. The current hypothesis for
age-related hypogeusia is a change in the taste cell mem
branes with altered functioning of ion channels rather than
a decreased number of taste buds. Such deficits can alter
food choices and intake of food, leading to exacerbation of
disease states, impaired nutritional status, and weight loss
that interferes with a program of physical therapy designed
to enhance functional capacity. From a more holistic per
spective, decreased taste and smell sensitivity may put the
'older person at risk to toxic chemicals and poisons since cues
for chemical safety are dampened with aging. A comprehen
sive anatomical and physiological review of these systems is
available in the literature. l90

The Somatosensory System
Anatomical Changes
What indication is there that the morphological and physio
logical changes of the peripheral receptors, afferent path
ways, and CNS affect the integrity of the somatosensory sen
sation? Birren and Schaie cite more than 4000 references on
age-related changes in normal human function. IS The prob
lem with many of these studies is that they isolate a single
variable for testing, such as position sense. It is difficult,
therefore, to gain an understanding of how the sensorimotor
system changes within one individual.
A number of age-related changes in the peripheral ner
vous system (PNS) have been documented. 182 Morphologi
cal changes in the nerve cells, roots, peripheral nerves, and
specialized nerve terminals have been linked with the aging
process. Meissner's corpuscles, which detect touch and are
limited to hairless skin, decrease in concentration with age
(Fig. 5-6).21 In old age, the corpuscles become sparse, irreg
ular in distribution, and highly variable in size and shape.
Pacinian corpuscles, responsible for sensing repetitive fea
tures of touch such as vibratory stimuli, undergo age-related
change in morphology and decrease in density. Merkel cells,
which are also touch receptors, do not appear to demon
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strate significant age-related change. IS? In addition to an age
related decline ill some of the receptors, an age-related de
cline in afferent nerve fibers also occurs. A 32% loss of fibers
in both the dorsal and ventral roots of T8 and T9 at age 90
years has been reportedY The degeneration of the dorsal
columns that occurs with aging may reflect the loss of cen
trally directed axons of the dorsal root ganglion cells. The
longer fibers comprising the gracile nucleus of the dorsal
columns are most affected in this process. 146
The peripheral nerves also show a similar degree of
dropout with aging. 159 Age-related loss of nerves in cranial
and spinal nerve roots affect thick fibers more than thin
fibers. 203 The anatomical site of the nerve may be important
since preferential large fiber loss has been reported in the sci
atic' anterior tibial, and sural nerves, for example, but not in
the superficial radial nerve. I 58.203
Aging is also associated with a gradual shortening of the
internodal length. The distance between the nodes of Ran
vier is normally greater in fibers of larger diameter. Irregu
larities of internodal length occur in the nerves of older in
dividuals,?8,119,220 Abnormally short internodes for a given
axon diameter might result either from segmental demyeli
nation and remyelination or as a result of complete degener
ation of fibers followed by regeneration. Since the longer the
distance between nodes the faster the saltatory conduction,
the shortened internodes contribute to an increased conduc
tion velocity and, therefore, the action potentials may take
longer than usual to reach the CNS.
Physiological Changes
Physiological age-linked alterations in the PNS have also
been documented. 116 Whereas a gradual decline in maximal
nerve conduction velocity has been described in some stud
ies 55,57 no significant change in normal sensory and motor
conduction velocity has been reported in other studies.136
Table 5-1 lists conduction velocities for peripheral nerve
fibers. The collective data on age-related changes in conduc
tion velocity do not suggest that changes are substantial
enough to account for the degree of sensory loss reported in
older individuals.
The integrity of the sensory pathway from the periphery
to various regions within the CNS has been examined using
the somatosensory evoked potential (SEP).51 Peripheral
nerve stimulation produces a variety of potentials that can
be recorded from the scalp, over the spine, or in the periph
ery. The SEP has components that are focally restricted to
the somatosensory area contralateral to the stimulated side.
Electrical stimulation is most often used to elicit SEPs, but a
mechanical stimulus can also be used. Commonly used pe
ripheral nerves are the median and the peroneal.
SEPs change with maturation and with age. 156 Normative
data are still being collected but, in general, the latencies ap
pear to increase with age. The amplitude of the SEP recorded
from the scalp appears to decrease with age. Evoked poten
tials to peroneal nerve stimulation recorded from surface
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FIG. 5-6

Some of the sensory endings found in hairless (glabrous) skin are illustrated. Note the position
of the various mechanoreceptors. Meissner's corpuscles are limited primarily to hairless skin. (From Nolte J:
The Human Brain: An Introduction to Its Functional Anatomy, ed 2. St. Louis, Mosby, 1988. Used by permis
sion.)

electrodes placed over the spine also show an age-related in
crease in latency from the lumbar to the cervical region. The
delay in central rather than peripheral somatosensory axons
is proposed by some investigators as the primary site for the
age-related slowing in the SEP.
When sensory detection is studied quantitatively, a pro
gressive impairment with age is noted in many, but not all,
peripheral cutaneous modalities. Every student learns that
spatial acuity varies from one body region to another; the
acuity of the tongue, for example, is 50 times better than that
of the back. 202 The common clinical method of testing is to
have the subject report that he/she feels the stimulus and to
locate it (point localization) or to detect whether one or two
points of stimulation are applied simultaneously (two-point
discrimination). Point localization and two-point resolution

are highly correlated. Touch-pressure perception approaches
a fourfold reduction in males older than 40. 60 The sensory
threshold increases the more distal the stimulus application
site. 73 Schmidt used micro neurography to record from me
dian nerve fibers in 12 subjects ranging from 18 to 64 years
0Id.187.188. An age-related decline to flutter and tap (light
touch) was reported, which appeared due more to changes
in the peripheral sensory units rather than conduction along
the afferent nerves. Methods used in research have revised
the procedures for assessing spatial acuity. Stevens and
Choo, for example, revised the method for two-point dis
crimination to reduce detection errors. Rather than re
sponding to the application of two distinct points, the sub
ject responds to two lines, each 5 mm in length. Spatial
acuity was assessed over 13 regions in 122 male and female
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TABLE 5-1

CONDUCTION VELOCITIES, DIAMETERS, AND FUNCTIONS ASSOCIATED WITH VARIOUS
PERIPHERAL NERVE FIBERS
ROMAN NUMERAL

LETTER

CLASSIFICATION

DIAMETER

CLASSIFICATON

Ia
Ib
Not used

12-20
12-20
12-20
6-12

Not Used
Not Used

II

Not used
III

Not used
N

J.Lm
J.Lm
J.Lm
J.Lm

2-10 J.Lm
1-6J.Lm
<3J.Lm
<1.5J.Lm

MYELINATED

TYPES OF STRUCTURES INNERVATED

70-120 m/sec
70-120 m/sec
70-120 m/sec
30-70 m/sec

Yes
Yes
Yes
Yes

A8

10-50 m/sec
5-30 m/sec

Yes
Yes

B
C

3-15 m/sec
0.5-2 m/sec

Yes
No

Muscle spindle primary endings
Golgi tendon organs
Efferents to extrafusal muscle fibers
Other encapsulated endings and
endings with accessory structures:
Meissner's corpuscles, Merkel
endings, muscle spindle secondary
endings, and so on
Efferents to intrafusal muscle fibers
Some nociceptors; some cold
receptors; some hair receptors
Preganglionic autonomic efferents
Most nociceptors; some cold
receptors; warmth receptors; some
mechanoreceptors; postganglionic
autonomic efferents

a
Aa"

'Y

CONDUCTION VELOCITY

From Nolte J: The Human Brain: An Introduction to Its Functional Anatomy, ed 2. St Louis, Mosby, 1988.
'Some afferents in nonmuscle nerves, particularly joint afferents, range up to 17 J.Lm in diameter. Some investigators refer to these larger fibers, in the 12-17 J.Lm range, as Au and
call those in the 6--12 mm range A{3. Others refer to all nonmuscle afferents larger than 6 mm as Au.

subjects between 8 and 87 years of age. An age-related de
cline in acuity in males and females characterized all regions;
however, the hands and feet demonstrated the greatest de
cline compared with more central regions, including the lips
and tongue. Compared with the younger subjects, the older
subjects demonstrated a 400% deterioration in spatial acuity
in the great toe and 130% decrease in the fingertip. Stereog
nosis and graphesthesia usually remain intact with aging. Al
though an increase in the thresholds for light touch and pin
prick has been reported from laboratory investigations,
similar loss is not reported consistently in clinical studies.
Two possibilities may explain the discrepancy between labo
ratory and clinical results: (1) the loss of touch is not a func
tionalloss, and (2) clinical testing is not sensitive enough to
detect a significant loss. No data exist to support either ex
planation at this time.
Cutaneous threshold for vibration is more affected in the
lower extremities than the upper extremities. 1I4,136 Diminished
or lost vibratory sensation in the lower extremities has been
reported to be present in 10% of individuals at age 60 and in
approximately 50% of individuals beyond the age of 75. 89
Cutaneous pain threshold increases with age, but limited
research exists on age-related changes in pain sensitivity and
perception and the results are ambiguous. 38 Research studies
suggest an age-related increase in thresholds to thermal pain
but no age-related change in pain threshold when electrical
stimulation is used to produce pain. There is some indica
tion that the changes in thermal pain threshold may be re
lated to central rather than peripheral mechanisms, i.e., the
central processing of pain information may be reduced in
the older person. A recent investigation suggests that there is
a selective age-related change in A8 mediated pain and not in

C-fiber-mediated pain. The A8 fibers are believed to medi
ate the pain associated with early warning that is sharp and
pricking in nature while the C fibers have been implicated in
the pain that is often described as dull, burning, or aching
and results in protective behaviors. This finding is consistent
with the anatomical changes previously described in the age
related changes in myelinated fibers.
Increased thresholds to thermal sensitivity, i.e., tempera
ture detection rather than painful thermal detection, have
been reported in laboratory testing, but clinical testing has not
indicated an age-related functional decline in thermal modal
ities. It is not uncommon, however, to see an older person
wearing a sweater on a hot summer day. The clinician must re
member that successful ability to detect non-painful thermal
stimuli applied to the skin does not assess the thermoregula
tion of the older person.232 Thermoregulation, or the ability to
maintain the body's core temperature in the range of 99.0° to
99.6° F, is centrally mediated and therefore affected by aging.
Proprioception has undergone relatively little study in the
aging population, and the results are controversial. Percep
tion of passive motion in the metacarpophalangeal and
metatarsophalangeal joints was reported to be similar in
young and older subjects. 89 Although older subjects detected
motion less well at low frequencies of movement, no major
decline was reported in joint motion sensation. Similarly,
impairment of proprioception rarely occurred in a neuro
logical screening of a sample of subjects ranging from 67 to
87 years 01d. 12 However, passive movement thresholds were
reported to be twice as high for the hip, knee, and ankle with
no change in upper extremity perception in subjects older
than 50 compared with subjects younger than 40. lIS Skinner
and colleagues examined joint position sense of the knee in
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29 subjects ranging in age from 20 to 82 years. 193 Both the
abilities to reproduce passive knee position and to detect
motion were assessed. Joint position sense deteriorated with
increasing age as measured by both tests. A more recent
study compared the subjects' perception of a passively posi
tioned knee angle using a visual analogue scale to the actual
angle and reported an age-related decline in position sense. lO
The perception was reported to increase by 40% by applying
an elastic bandage around the knee. The research to date on
position sense suggests that age-related loss of position sense
may be joint sensitive.
Potvin and colleagues assessed neurological status on 61
right-hand-dominant men ranging from 20 to 80 years
old. l7l One hundred and thirty-eight tests were used to mea
sure cognition, vision, strength, steadiness, reactions, speed,
coordination, fatigue, gait, station, sensation, and tasks of
daily living. Tests were excluded if reliability was not demon
strated. Age-related linear decreases were reported for many
neurological functions. The declines throughout the age
span varied from less than 10% to more than 90% depend
ing on the function. Larger losses of function were observed
on the dominant body side.
For the upper and lower extremities, vibratory sensibility
showed the greatest decline. The greatest vibratory loss was
reported in the toes and ankle. Vibratory loss in the toes and
the ankle was also the variable most highly correlated with
aging, i.e., the oldest subjects demonstrated the poorest abil
ity to detect a vibratory stimulus. Touch of face and upper
arm, two-point discrimination, and position sense in upper
and lower limbs showed no variance with age. Since the ac
tual testing procedures were not described, it is difficult to
compare the results of this study with other research find
ings. This study serves as a background for additional re
search since the results address the integrity of the sensori
motor system in a large sample of subjects.

Summary: Sensory Systems
There remains a paucity of data to describe age-related
changes in somatosensory sensation. The literature is not
conclusive because samples remain small, the oldest subjects
in some studies are only 65 years old, different modalities of
sensation are not studied in the same population, and pro
tocols differ. Very little attention has been paid to the age-re
lated changes in skin, which could also affect the older per
son's ability to detect a stimulus without directly altering the
peripheral receptor or the afferent pathway.191 Another im
portant deficit in the literature to date is that integrity of one
sensation is not studied throughout the body. It is common,
for example, to study change in sensation in the knee alone
rather than to report changes in proprioception throughout
multiple major joints of the body. This research approach
makes it difficult to summarize age-related changes in sensa
tion that occur throughout the body. Some investigators
have used very sophisticated laboratory techniques to docu
ment changes in sensation, but the results have not been
supported by investigators using standard clinical neurolog
ical screening techniques. Caution must be exercised in gen
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eralizing findings about sensory changes reported in one
body region to the whole body or changes reported in one
study to the population of healthy older individuals.
Which portion of the sensory system is primarily respon
sible for changes in sensation remains unclear. Since age-re
lated cutaneous deficits are more often reported in the lower
extremities than the upper extremities, age-related changes
in the long afferent pathways are likely to play some role in
the sensory changes. The numbers of peripheral receptors
decrease and there is a loss of 5% to 8% of nerve fibers per
decade after age 40. 182 An increasing number of abnormali
ties in myelination are reported with increasing age; longer
fibers and larger fibers are most affected. A progressive slow
ing of maximal sensory and motor conduction velocities at
a yearly rate of 0.12 to 0.16 mls has been proposed, and con
duction along central afferent pathways to the cerebral cor
tex is prolonged. It appears that the relatively small changes
in the conduction velocity along peripheral afferent fibers do
not contribute significantly to loss of sensory perception.
The combined loss of peripheral receptors, changes in cen
tral afferent pathways, and changes in central processing
sites are more likely to be responsible for observed age
related changes in behavior.
The consistent findings across studies are that sensation
in the lower extremity appears more affected by aging than
the upper extremity and that vibratory sensation is consis
tently reported to decline with age. Since the integrity of
each sensory system is most often tested under static condi
tions rather than during functional behavior, it is very diffi
cult to predict whether seemingly small changes in separate
systems will aggregate to produce a profound loss during the
execution of a task. Such an assumption needs to be tested
under carefully controlled conditions.
A review of a study by Waite and colleagues highlights the
issues raised in this section.221a Standardized neurological ex
aminations were completed on 537 community-dwelling
men and women 75 or older. The physical examination in
cluded a standardized assessment of the various neurologi
cal signs scored on a 4-point scale. Their study included a
subgroup of 154 persons without diagnoses of stroke, de
mentia, cognitive impairment, gait slowing, gait ataxia, and
Parkinsonism. The only significant correlations with age in
this group were impaired vibration sense in the thumbs and
gait instability. None of the other classical clinical neurolog
ical signs were significantly changed. Therefore, it may not
be aging, per se, that accounts for changes in neurological
signs but rather the neurodegenerative syndromes that ac
company aging. Clinical and functional significance of the
effects of age-related sensory changes on motor perfor
mance clearly remain a rich area for future research.
NEUROMUSCULAR FUNCTION WITH
AGING
It is difficult to focus on changes in movement control with
out considering changes in the function of the muscle or the
activity level of the individual. This section focuses on the
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integrity of the neuromuscular apparatus with aging:
changes in the rate or quality of movement and the effect of
physical activity on muscle are addressed in a subsequent
section of this chapter and in other chapters. The motor unit
(MU) is defined as the single alpha motoneuron and all the
muscle fibers it innervates. It is therefore important to ex
amine changes in the muscle, the neuromuscular junction,
and the efferent neuron to completely discuss changes with
aging. A comrponly reported clinical finding is that older in
dividuals demonstrate decreased strength when compared
with younger individuals. 29,41,149,217 Strength has been defined
operationally in a number of ways. For the purpose of this
chapter, strength is defined as some measure of the muscle's
force-producing capability such as torque, work, or force.
Research related to age-related decreases in voluntary mus
cle strength suggests that healthy persons in their seventh
and eight decades are weaker than young adults by an aver
age of 20% to 40% during isometric and concentric testing
of the knee extensors and that those older than 80 show re
ductions of greater than 50%.179 What is the reason for such
a decline in force-producing capability with age? This sec
tion examines changes at the motor neuron level, incorpo
rates effects at the neuromuscular junction and in skeletal
muscle, and finally discusses effects on spinal segmental
pathways.

Muscle and Muscular Strength
Among the earliest age-related observations of altered mus
cular strength and function are declines in both isometric
and dynamic strength, beginning with the 50- to 59-year age
interval. ll8 Although decreases in muscle girth are not always
readily apparent, biopsy data demonstrate significant loss of
type II muscle fibers, coupled with connective tissue infiltra
tion of the muscle. Quadriceps muscle performance assessed
either as isometric force; dynamic (isovelocity) peak torque
at 30, 60, 120 and 180"/secj or as maximal extension velocity
(MEV) can be significantly predicted through stepwise re
gression analysis by three independent variables: chronolog
ical age, fat-free soft tissue mass, and type II fiber area. Im
portantly, even without the factor of type II fiber area, a
strong correlation has been demonstrated between age and
muscular strength. Declines in strength range between 24%
and 36% depending on the aspect of muscular performance
assessed. Subsequent studies concur with Larsson's early
findings with acceptable variability between muscles, gen
ders, and methods. It is significant that isometric and dy
namic strength appear to decline similarly! 78 and that decline
in the rate of tension development can be accounted for by
the loss of fast-twitch muscle. 41
Since Larsson's seminal observations, interest in muscle
performance with aging has remained keen, producing elab
oration on his early findings (see Porter, Vandervoort, and
Lexell, 1995 for a recent review).l7l Recent data obtained
from autopsy specimens concur with this now-accepted
body of data and reveal more complex changes in fiber dis
tributions with age. 123 Significant grouping or "clumping" of
muscle fibers attributed to a given motor unit is evidenced.
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This clumping disrupts the mosaic, or heterogeneous, distri
bution of types I and II fibers and their respective motor
units across a muscle's cross-sectional area. The phenome
non of enclosed muscle fibers, evidenced as a high propor
tion of fibers surrounded completely by fibers with like his
tochemical properties, resembles the collateral reinnervation
process that occurs after peripheral nerve injury or po
liomyelitis. 135,209 Thus, grouping of muscle fibers in aging is
considered to be direct evidence of a neurogenic process
with the degree of enclosure correlating to the degree of
denervation and reinnervation a muscle has sustained. Once
the reinnervation capacity of the muscle has been suffi
ciently diminished so that fibers are permanently dener
vated, the muscle fiber is lost and the tissue volume becomes
replaced by fat and fibrous tissue.
The degree of atrophy does not fully account for the ob
served loss of strength, an observation suggesting that fac
tors other than simple loss of tissue mass are involved. A
wide range of morphological changes within both types I
and II fibers have been reported. Changes have been re
ported in mitochondria, sarcoplasmic reticulum, and the
transverse tubular system,79,214 The physiological effects of
these changes are not known but have been suggested to be
coupled with an impaired activation of the myofibrils,?9
Muscle satellite cells that transform into myoblasts may also
be metabolically less active, and therefore the aged muscle
may not be able to respond to injury as well as young mus
cle. Only modest decreases in high-energy metabolites (ADP,
ATP, and phosphocreatine) have been reported in the aged
muscle. l42 Other enzymes necessary for glycolysis are re
duced, however, suggesting a specific disturbance in cyto
plasmic glycolysis and gluconeogeneses. 148 Patterns of fatty
acid metabolism appear unchanged in the aged. 21D
Whereas electrophysioiogicaP7 and histological 77 studies
support a preferential type II atrophy with aging, results
from studies that use histochemistry have produced con
flicting data. A common histochemical technique is staining
muscle biopsies for actomyosin myofibrillar ATPase because
type I and type II fibers contain different ATPases. 26 Larssen
reported an age-related decrease in the relative proportion of
type II fibers,118 but other investigators have not confirmed
these findings with histochemical techniques. 4,63 The myosin
heavy chain composition (MHC) of a fiber determines its
contractile characteristics, and it is MHC that reacts with
ATPase stain to yield a muscle fiber type. 49 Recent work sug
gests that the conflict among investigators using histochem
ical techniques may be because older fibers are in transition
from one type to another and that the transition is unde
tected by ATPase stain. For example, examination of MHC
within single fibers suggests that older subjects have a higher
number of single fibers that contain two forms of MHC,
types I and Ila, within one fiber than is seen in the younger
subjects. llo
Although muscular strength may decline with aging, it is
notable that the relationship between strength and muscle
cross-sectional area (CSA) is not direct.173 Discrepancies be
tween CSA and strength can be as large as 15% in the
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quadriceps.178 The ratio of strength/CSA has been reported
as 30% lower in aged versus young adults,30 The significance
of differential loss of motor unit/muscle fiber types and con
comitant changes in muscle tissue composition is in the con
tractile or force-generating capacity of the muscle that ap
pears to be altered by the remodeling that accompanies
aging. However, work performed by Frontera and co-work
ers that initially indicated significant age-related differences
in strength of the elbow and knee extensors and flexors (as
assessed by isovelocity testing) demonstrated minimal to no
differences between young and older individuals once cor
rections were made for diminished muscle mass with age. 69
The corpus of work performed on muscle performance and
muscle morphology has thus led to the conclusion that de
clines in muscular strength are primarily due to losses in
muscle mass. 178 The loss of the mosaic or interdigitated dis
tribution of motor units and muscle fibers may, however,
have a qualitative effect on force development and smooth
force modulation.
'lit

'-S
~

.
~

""I

it.,.

..,
!i
""

Motor Neurons Are Lost with Aging
As early as the third decade of life, anterior horn cells in the
spinal cord demonstrate significant accumulation of lipo
fuscin,ll1 By the fifth decade, loss of anterior horn cells
(a-motor neurons) begins, and by age 60 loss of these neu
rons can be as high as 50%,37.w In conjunction with motor
neuron (MN) loss are notable changes in the electrophysio
logical properties of the motor unit. The significance of MN
and MU loss lies in their role to generate and modulate mus
cular force through recruitment of MUs and rate coding of
already active MUs. 39,84
However, the literature presents controversy related to
which neurons are lost. A selective loss of large anterior horn
cells that subserve the largest motor units has been reported
in lumbar ventral rootS.179 However, a different investigation
indicated that the total number of neurons in the whole ven
tral horn decreased significantly with aging but the loss of
small neurons, considered to be interneurons, was predomi
nant while medium-sized and large neurons were spared. 205
Axonal counts reveal a significant decrease in both anterior
and posterior roots beginning after age 30. By age 89, a 32%
reduction in anterior root axons has been reported. 59 The re
duction includes both large and small myelinated fibers. The
remaining axons demonstrate demyelination and remyelina
tion. The results of these studies emphasize the need for
more extensive research in the ventral horn to characterize
age-related change. The use of small samples over a wide age
range, i.e., 14 to 100, without simultaneous measurement of
morphology and function have failed to address the issue
completely.

Peripheral Structures
With aging; peripheral nerves demonstrate a progressive re
duction in myelinated fibers, most notably in the largest di
ameter fibers.lIl Ventral roots appear to be more affected
than dorsal roots and lumbosacral segments more than cer

vical segments. Interestingly, while the epineurial and per
ineurial sheaths thicken, the endoneurial sheath demon
strates fibrosis due to an increased presence of collagen. The
microcirculation of peripheral nerve is particularly vulnera
ble to aging, and atherosclerosis has been suggested as a
mechanism. Accordingly, there appears to be a direct rela
tionship between dysfunction of the vasa nervosum and the
loss of myelinated fibers.
Peripheral nerve motor conduction velocities decrease
progressively with advancing age. 97 Changes in motor nerve
conduction velocity (MNCV), an average of 9% in a popu
lation of apparently healthy elders, are suggestive of a seg
mental demyelinating process. In the ulnar nerve, a reduc
tion of 1 m"s-I per decade from age 20 to 55 and 3 m"s-I per
decade thereafter has been reported. 31 Impairments in the
integrity of myelin and consequent function of myelinated
structures as previously discussed more thoroughly are con
sistent with the global mechanisms of deterioration
throughout the CNS and consequent deterioration in com
munication between CNS structures. However, such slowing
may not be as significant as the other age-related changes in
the muscle.
The neuromuscular junction (NMJ) also demonstrates
degeneration with aging",l1l beginning as early as the third
decade. Fragmentation and degeneration are prevalent in
the endplate region, with an increase noted in the number of
preterminal axons. In middle age (-50-59 year interval),
motor neurons appear to adjust for small losses by sprouting
and adding new synaptic sites; however, this compensatory
ability declines with age. In old age, neuromuscular junc
tions appear notably deteriorated, or dismantled. 5 Align
ment of presynaptic and postsynaptic elements of the NMJ
becomes progressively disrupted as these structures con
stantly remodel through neuron-target interaction. It is
quite noteworthy that changes in the integrity of the NMJ
occur well in advance of loss of motor neurons, motor units,
or muscle fibers and therefore reflect one of the critical
mechanisms that underlie age-related change in neuromus
cular system function. In this light it is especially interesting
that human laryngeal neuromuscular junction demonstrates
little, if any, age-related change between ages 4 and 95,111
Whether preservation of neuromuscular integrity in this
particular structure is preserved due to activity or is some
how attributable to parent innervation is unclear, but it re
mains an interesting question.
Synaptic transmission is obviously affected by impaired
NMJ integrity; by late age many synaptic transmissions are
subthreshold for activating muscle fiber contraction. Inter
estingly, NMJ remodeling appears to reflect the degenerative
state of the postsynaptic muscle fiber. It is the case that in
teraction of presynaptic and postsynaptic structures are nec
essary for synaptic maintenance-an observation that
stresses the importance of trophic factors in maintenance of
integrity of neural transmission. Muscle-derived trophic fac
tors acting on MNs appear to affect nerve endings in muscle,
whereas MN -derived trophic factors appear to play an im
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portant role in the maintenance of muscle fibers. The role of
reciprocal influences between nerve and muscle appears par
ticularly significant in the context of age-related changeYs
Sensory nerve conduction (NCV) appears to deteriorate
in advance of motor nerve conduction and is manifest as
early as ages 30 to 50. In both motor and sensory domains,
NCV decreases and action potential amplitudes diminish.
The net result of peripheral nervous decline includes ele
vated thresholds to all modalities of sensation, diminished
tendon jerk reflexes (monosynaptic) in a distal-to-proximal
pattern, and moderate progressive delays of motor nerve
conduction. 111

The Motor Unit
Age-related loss of motor neurons, previously discussed, re
sults in significant effects at the level of the motor unie 7,135
Initially, a debate raged regarding whether the mechanism
underlying change at the motor unit level is myopathic or
neuropathic. Since these early findings were published37
there has grown general agreement that the process is neu
ropathic with myopathic symptoms following as a secondary
sequela. 1l7 Regression analysis of MU counts demonstrates a
linear relationship throughout the sixth decade (50 to 59
years) with considerable variability about the mean and then
a dramatic downward trend from the seventh to tenth
decades. 37,135 Muscular function declines beginning in the
sixth decade and is accompanied by considerable remodel
ing in the peripheral musculature.
Another salient characteristic of age-related change in the
motor unit is a predominance of slow-twitch muscle fibers
or type I motor units. It was previously suggested that neu
ronal loss may selectively affect the largest a-motoneurons,
presumably those innervating type II muscle and compris
ing high threshold motor units. For some time, the common
wisdom suggested that type II fibers are selectively dener
vated and reinnervated from slow (type I) motor units
through collateral sprouting, and evidence exists to support
this notion. 179 More recently, however, it has been suggested
that the shift toward slower motor unit properties with ag
ing results from de-differentiation between slow- and fast
twitch muscle as a result oflower concentrations of circulat
ing hormones, including thyroid hormone (T}).1I7
The electrophysiology of the MU demonstrates a signifi
cant increase (59%) in the motor unit action potential
(MUAP), indicating that the territory of the MU includes
more muscle fibers. Collateral sprouting, the process wherein
muscle fibers orphaned by dying motor neurons are rein
nervated by collateral axon fibers from neighboring motor
neurons,107 is highly prevalent with aging 135 and contributes
to explanation of both the increased MUAP and to encapsu
lated muscle fibers or "clumping" of motor unit territories in
the muscle. With iterative denervation and reinnervation,
individual muscle fibers are progressively "shed" from a mo
tor unit since the neuron is no longer able to provide it
metabolic support. 135 Finally, contractile responses are con
sistent with retention of slow-twitch motor unitsY
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Motor Unit Mechanical Properties
At the level of muscle and the motor unit there are several
important adaptations serving to ameliorate the decline of
muscular strength that occurs with motor neuron loss. In
the older group ( ;:::60 years, ranging to 96 years) from the
Campbell, McComas, and Petito survey,37 the M-response (a
measure of excitable muscle mass) declined 53%, whereas
the muscular-twitch tension declined only 32% as compared
with young subjects. Here, an obvious mismatch is evi
denced between apparent potential (CSA) and measured
deficit in performance. Furthermore, electrophysiological
properties of the MU demonstrated a 45% longer contrac
tion time, a 206% increase in half-relaxation time, and an in
crease in MU twitch tension that was not directly quantified
but clearly evident in the plotted relationship (see Fig. 5_5).37
Subsequently, similar results have been demonstrated to cor
roborate these findings. 53,54,218
Collateral reinnervation of orphaned muscle fibers by re
maining motor neurons increases the force response for any
given functional unit of activation. According to McComas,
"as much as 80% to 90% of motor units can be lost before
weakness and atrophy supervene:'135 McComas' statement
agrees with that of Perry who routinely finds in post-polio
patients upwards of 50% loss of motor units before notice
able muscle weakness can be appreciated. 165 Thus, there ap
pears to be considerable reserve in physiological systems
subserving neuromuscular function, and therefore consider
able loss can occur before remarkable declines in functional
performance can be appreciated.
The average amplitude of the MUAP is 60% greater in
aged subjects-reflecting the increased motor unit territo
ries that result from collateral reinnervation. The duration of
the action potential is 9% longer-a small, but statistically
significant change that serves to prolong the twitch duration
and either support the enlarged motor unit territory or ex
tend the muscle active state. 86 Taken together, the typical in
terpretation of these results is consistent with a shift to slow
twitch muscle fibers and motor unit contractile properties.
More insightfully, it is evident that the adaptations in the
motor unit all occur in favor of maintaining an optimal
tradeoff of force response per unit of active metabolic mus
cle tissue.
Motor Unit Discharge Properties
With regard to motor unit discharge behavior, there is strong
evidence suggesting impaired central drive (the maximal
rate of MU discharge) under isometric conditions in older
adults. lOo,122,162 A tendency toward decreased motor unit rate
discharge (MUDR) has been evidenced in submaximal force
conditions.93,194 A substantial decrease is noted, however, in
maximal MUDR during maximal effort muscular contrac
tions. 1°O Notably the impairment in central drive is substan
tially greater than that in maximal voluntary force when
compared with young adults (39% versus 16%) and is not
evidenced unequivocally at 50% of maximal voluntary force.
Considerable evidence has been presented in the literature
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suggesting that MU discharge properties are matched to the
mechanical properties of muscle in order to optimize force
production. 16,17 Thus, decreased maximal motor unit dis
charge rates might be easily explained by recalling that me
chanical properties of muscle are substantially altered to
ward slow-twitch characteristics with aging. ISO
Older adult weightlifters appear to maintain central
drive, suggesting the importance of physical activity on in
tegrity of neural function.J22 This investigation was, how
ever, performed without comparison with a young control
group; therefore, the extent of preservation in central drive
cannot be determined on an absolute scale. An additional
finding regarding motor unit function with aging is obser
vation of cases of motor unit derecruitment against the or
der prescribed by Henneman's size principle.8s,98 It is sug
gested that antagonist co-contraction may explain this
unusual observation. Accuracy was required to perform the
experimental task, and older adults with fewer motor units
may use an alternative strategy to achieve sufficient stability
for accurate force production. 98 ,197
Impaired central motor unit drive might be directly re
lated to subtle deterioration of cortical function, or conduc
tion. Motor neurons are activated through corticospinal
pathways, and the central nervous system coding of force is
modulated through the activity of pyramidal cells in cortical
areas 4 and 6 by their discharge rate. 62,72 In subsequent in
vestigation, however, Patten and co-workers demonstrated
significant increases in MUDR as an early response to
strength training in both young and older subjects, with dis
charge rates matching for both age groups at the second
training session. 162 During the remainder of a 6-week train
ing period, however, MUDR returned to baseline in older
adults while remaining somewhat elevated in young con
trols. These adaptations occurred in the face of significant
increases in MVC in both groups. This finding has subse
quently been replicated in a separate group of subjects and a
different muscle group.99 The obvious question regarding
corticomotoneuronal discharge rate is then answered: maxi
mal MUDR is not impaired due to aging. Rather, altered
maximal MUDR may serve as a neuromuscular adaptation
to optimize the contractile response of muscle.

Spinal Segmental Pathways
The spinal segmental motor system is comprised of numer
ous reflex pathways integrating peripheral afferent informa
tion with descending supraspinal signals. The integrative na
ture and locus of this aspect of the motor system suggest its
response is likely to reflect substantial age-related change.
In general, spinal segmental responses dictate the balance
of muscular activity in antagonist muscle pairs (co
contraction). A foremost role of the segmental motor system
is to compensate the non-linear contractile characteristics of
muscle and provide the central nervous system a mechanism
through which to regulate muscle stiffness. Segmental re
flexes control muscle stiffness over a broad range of muscle
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lengths. Co-activation of antagonist muscle pairs, increasing
joint stiffness, increases the range over which stiffness can be
varied-an important function, given the limited variation
in the stiffness of individual muscles 126,155 and the notable al
terations in stiffness of muscle and tendon with aging. 2,ll7
Spinal segmental pathways have demonstrated their sus
ceptibility to both long- and short-term adaptation, or plas
ticity, to task-specific training. 64•21s,227-229 Importantly, no
table alteration in the degree of presynaptic inhibition on
spinal segmental pathways has been evidenced/s,1J2,144
indicating deterioration in the ability to modulate task
dependent motor output, e.g., development of muscular
force and postural responses with aging. Chronic changes in
spinal segmental pathways may be responsible for increased
demonstration of antagonist muscle co-contraction ob
served across a broad range of motor activities in older
adults.

Summary: Musculoskeletal System
Considerable age-related change has been documented in
the neuromuscular system. While at one time, these changes
appeared to paint a picture of chronic, progressive decline,
current evidence suggests that the majority of age-related
changes in neuromuscular function might be viewed as
compensatory. This detail is important to the clinician who
wishes to understand the biological processes that underlie
age-related change in order to plan interventions well-suited
to the adaptive potential of the aging neuromuscular system.
Age-related change may not be all negative. Rather, it ap
pears to serve a significant role in preserving function in a
broad range of systems. Quite pertinent to the interests of
the rehabilitative clinician, however, is preservation of mus
cular control and movement function.
Muscular strength, whether assessed in an isometric or
dynamic context, declines after the fifth decade but fails to
demonstrate direct correspondence with changes in muscle
cross-sectional area. The most salient change is loss of type
II, or fast-twitch, muscle fibers. coupled with increased
prevalence of type I, or slow-twitch, fibers. As early as the
fifth decade, anterior horn cells that innervate skeletal mus
cle die off, and by age 60 their loss can be as great as 50%. It
would indeed be elegant if large ventral horn neurons corre
sponding directly to large motor units with fast-twitch con
tractile characteristics were preferentially lost; however, cur
rent data indicate that neuronal loss involves both small
and large-motor neurons. Accordingly, the notion that fast
twitch fibers are selectively lost has been revised with evi
dence indicating that instead muscle fiber types undergo
dedifferentiation with aging, probably as a result of signifi
cant changes in hormonal regulation.
With loss of motor neurons, the morphology of the mo
tor unit and the innervation of skeletal muscle become dra
matically altered. Motor neuron loss leaves muscle fibers be
hind such that orphaned fibers become incorporated into
remaining motor units through collateral reinnervation.
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This process results in larger motor units that are less het
erogeneously distributed throughout the muscle. The me
chanical response of aging muscle demonstrates a 32% re
duction in twitch force; however, contraction time is
increased by 45%, and half-relaxation time is increased by
206%. This significant slowing in the contractile motor unit
response maintains the active state for an extended period
and prolongs force production. The significant changes in
muscle fiber composition in conjunction with alterations in
the contractile response and the redistribution of motor unit
territories suggest that the transfer of force to the tendon will
be conspicuously altered with potential effects on the quality
of muscular force production.
Important age-related changes have been observed in
subcellular structures affecting both metabolic and regener
ative function of muscle. The neuromuscular junction, a
highly dynamic structure due to its constant remodeling.
demonstrates progressive impairment in alignment of presy
naptic and postsynaptic elements. Understandably, synaptic
transmission becomes compromised, affecting the respon
siveness and potential to activate muscle. Hence the "wis
dom" of prolonging the muscle contractile state begins to
become evident. Motor unit discharge rates appear to be al
tered. Although this finding is equivocal at submaximal force
levels, it has been demonstrated in several muscles that MU
discharge rates are reduced in typical, sedentary elders at
maximal force. This finding, however, appears to be further
evidence of compensatory change matching MU discharge
properties with the altered contractile response of muscle
and potentially, too, with altered synaptic transmission. In
extremely active individuals and in response to strength
training, however, maximal MU discharge rates in elders
have been observed to be comparable with those of young
individuals. This finding is strong evidence that observed
change in neuromuscular function with age results from
compensations to promote efficient, optimal muscular func
tion. Finally, changes in segmental pathways are notably al
tered with aging, affecting the ability to modulate motor ac
tivity in response to task demands. Remodeling of these
pathways may be triggered by motor neuron loss and may
also be responsible for the frequent observation of antago
nist muscle co-contraction in elders.

SENSORIMOTOR CHANGES WITH AGING
Paucity of movement is a common observation in old ani
mals and humans. 198.199 The limited movement becomes hes
itant and slow. Even when the speed of movement is re
tained, the initiation of movement is delayed. Sensorimotor
integrity has been examined using a variety of protocols in
cluding the study of reflexes, the time it takes the subject to
respond to and execute a task, and functional performance.
Since other chapters in this text address age-related decline
in functional activities, this section will focus on studies that
have been designed to determine why movement time
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changes, rather than describing the decline in coordinated
movement patterns that accompany aging.

Reflex Testing
Reflex testing is performed to assess the integrity of the sen
sorimotor pathways without the influence of cognitive pro
cessing. The latency of a reflex response can, therefore, be
used to assess the integrity of the simplest sensorimotor con
nection. Investigators who postulate that the Achilles tendon
tap elicits a monosynaptic response in the agonist MUs pur
port to study the simplest sensorimotor connection.
The reflex change most commonly noted with aging is
diminution or absence of the Achilles tendon response,
which has been reported to occur in 10% of older subjects.92
Other investigators note only small increases in the latency
of the Achilles and patellar tendon reflexes. These latter find
ings are consistent with the research findings suggesting a
small but unremarkable decline in conduction velocity in
sensory and motor nerves.12.183 Comparison between the la
tency associated with the Achilles tendon reflex and the la
tency in a known polysynaptic reflex response reveals the
same small age-related increase in latency, rather than a
longer latency for the polysynaptic response. 27 Such results
suggest that the Achilles tendon reflex may be more than a
monosynaptic response33 or that central synapses are pre
served in the polysynaptic pathway. If the latter hypothesis is
correct, the increased latency in both monosynaptic and
polysynaptic reflexes can be attributed to changes in con
duction velocity of the afferent and efferent pathways. The
lack of significant changes in the integrity of reflexes with
aging suggests that other factors must be examined to ac
count for older individuals' slow movement.

The Central Efferent Pathway
Magnetic and electrical stimulation of the motor cortex
through the scalp are two recently developed, non-invasive
techniques used to study the integrity of motor pathways in
the human. 22 Motor evoked potentials (MEPs) are recorded
from a muscle contralateral to the stimulated motor cortex.
Conduction times can be recorded within the CNS by
recording over the spinal cord at the level of the relevant mo
toneurons. For example, conduction time can be recorded
between the cortex and the L4-S1evel of the spinal cord, and
the MEPs can be recorded from the tibialis anterior. Al
though data indicating age-related changes in MEPs in the
sixth through tenth decades are still unavailable, the MEP
technique is mentioned here because preliminary data on
age-related changes are exciting. Results from subjects rang
ing from 19 to 50 years old indicate a trend for decline in
central conduction time with age.

Reaction Time
Cited changes in the peripheral systems might account for
some slowing in stimulus encoding and execution of move
ment. Are there changes in central decision, comparison,
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and response selection as well? In other words, what role
does cognition play in producing a slowed movement? As
pects of cognitive processing have been studied using reac
tion time with the assumption that the time it takes to per
form a response reflects the stages of processing involved.
Reaction time (RT) is defined as the time required to initiate
a movement after stimulus presentation. In a simple RT test,
the subject knows that a single response is required for the
stimulus. Simple RTs have been shown to increase with
age. 201 Birren summarized the results from a variety of stud
ies and reported a 20% increase in RT in 60-year-old sub
jects compared with 20-year-old subjects. 19 However, several
investigators have suggested that physically active older sub
jects have faster RTs than sedentary older individuals.40,'98
Measurement ofRT includes the time for electromechan
ical transduction from muscle activity to movement. Some
investigators have used EMG activity to separate premotor
time (PMT) and motor time (MT). PMT is defined as the
time between stimulus onset to EMG activity, and MT is de
fined as the time from EMG activity to the initiation of the
movement. By subdividing reaction times, the assumption is
that insight can be gained into the extent to which muscular
factors slow performance.
The effect of age on PMT and MT appears dependent on
the task involved. 224 Although both PMT and MT are af
fected by aging, different tasks demonstrate more slowing in
PMT or MT. For example, when the subject is merely re
quired to move the hand, the PMT seems particularlyaf
fected by age. 222 When the subject is required to move the
arm against resistance 191 or to jump, 157 the main slowing is in
the MT, which includes the time needed for the muscle con
traction. While movements against resistance may increase
pain or fatigue and therefore require new compensatory
strategies, the results of this research suggest that as age in
creases there is a progressively slower buildup of muscular
contraction when action is required. This change is particu
larly evident when substantial force has to be exerted either
to overcome resistance or to produce a very rapid move
ment. In a recent review of the effect of exercise on improv
ing PMT and MT, the authors conclude that substantial
training does not significantly improve the time necessary to
complete a task and suggest that slowness of movement re
flects a change in the neural pathways that does not appear
to improve significantly with increased physical activity.'6!
A two-choice RT test requires selection between two re
sponses instead of one response in simple RT. The two
choice RT is therefore a more complex task. As movement
complexity increases, the RT increases in the older
adults. 125,2ol Older individuals are more sensitive to small
changes in movement complexity than younger individuals
and also experience more difficulty when tasks demand both
accuracy and speed. Choice of accuracy over speed can lead
to problems when a whole body response is required quickly
to prevent a fall, for example.
To summarize, premotor and movement times are signif
icantly related to chronological age. Premo tor time is slower

in older individuals regardless of the task. Motor time ap
pears to depend on the amount of muscle activity required
to produce the task, i.e., the higher the required muscle
force, the longer the motor time. In both speed of reaction
and movement, fastest responses are reported for subjects in
their second decade. Consistency of response is greatest in
the third decade. Beyond age 60, the variability in premotor
and movement times increases greatly compared with the
younger subjects' performance. 224 More complicated tasks
are more sensitive in indicating age-related decline. Collec
tively, the results indicate the importance of the CNS when
considering the effects of age on sensorimotor capacity.

VOLUNTARY MOVEMENT

Movement Organization
With aging, significant and demonstrable alterations in the
organization of movement range from isometric force con
trol tasks to locomotion. Regardless of the goal or con
straints, there appear to be some common themes across
tasks: slowing of movement and increased co-contraction of
paired antagonist muscles. These alterations have been sepa
rately attributed to dysfunction of specific central nervous
system structures46 and impaired efficiency of the muscle
contractile process. 206 ,207 Moreover, they are suggestive of the
potential need to (re-)learn movement control due to the
dramatic age-related alterations in both the neural and bio
mechanical systems.
Although intuitively increased movement duration might
be explained by impaired psychomotor speed, a higher pro
portion of slow contracting muscle, muscular weakness, de
terioration of neural conduction pathways, or some combi
nation of these, older adults are capable of producing
movements of comparable velocity and duration as young
adults. Rather, it appears to be the temporal structure of
movement that is altered with aging. 46 In uniaxial arm
movements, older subjects are unable to produce symmetri
cal bell-shaped velocity profiles typical of normal con
strained movements. 28 ,60 The deceleration phase is signifi
cantly longer than the acceleration phase and often clear
decomposition of movement is apparent after peak velocity.
Hypermetria may also be present at movement endpoint.
Further, the parameter of peak velocity/average velocity
(Vm/VaJ is lower in older subjects and remains lower than in
young subjects across multiple amplitudes of movement.
Rather than scaling movement on a particular parameter
such as Vm/V.v, as young subjects do, older adults appear un
able to generalize a particular scalar process46 to different
movement conditions. Finally, as has been frequently
demonstrated in reaching, gait, and constrained isometric
ramp contractions, older adults appear to produce move
ments of rather similar duration, regardless of movement
amplitude. 46 ,121 In the specific context of gait, a habitual his
tory of sedentary life-style has been directly associated with
a narrowing of the range of available gait velocities in older
women (60 to 70 years).l2l
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On more careful scrutiny of reaching movements,
Darling and co-workers concluded that movement trajecto
ries were less accurately controlled in older subjects. 5o Rather
than the characteristic tri-phasic burst of EMG between ag
onist and antagonist muscles,80 significant tonic antagonist
pair co-contraction is demonstrated throughout the move
ment. With practice, some change is evidenced in the EMG
pattern; however, the antagonist burst remains ill-timed,
producing phasic co-contraction rather than the reciprocal
pattern characteristic of skilled movement.22! Consequently
control of force output is less precisely graded and is accom
panied by increased trial-to-trial variability. Significant an
tagonist muscle pair co-contraction with aging is not only
characteristic of arm movements with clear constraints on
amplitude and accuracy, but also affects postural tasks,132
isometric force tasks,76,197 and gait. 65,120

Posture and Balance
Among the most serious concerns with advancing age is the
fear of falling and sustaining serious injury. Thirty percent of
community-dwelling individuals aged 65 or older fall; half
of these individuals fall more than once per yearY' Between
1% and 5% of these falls result in fractures, most commonly
of the hip.88 More significant, however, is the loss of self
efficacy associated with falling because fear of falling can
typically cause an elder to self-limit activities, initiating a
downward spiral of physical activity and physical abili
ties.m,m Critical to prevention of falling are the contribu
tions of physiological systems subserving the functions of
balance and postural controL
The focus thus far has been on involuntary and voluntary
movement of the moving limb. Since this review has demon
strated changes in the CNS, including loss of neurons, im
paired cerebral metabolism, and altered neurotransmitter
activity, one may speculate that such changes disrupt the ac
tivation of postural responses to unexpected motion. B ! The
literature suggests that there are age-related changes in the
control of spontaneous postural sway, suggesting an increase
in the amount of correction activity required to maintain
stability. Is there evidence that aging affects trunk and inter
limb coordination? For example, is the ability to produce
preparatory postural adjustments before the onset of volun
tary movement altered with increased age? Older subjects
have been reported to fail to produce the normal postural
adjustments before performing a voluntary movement. 92 ,198
For example, when asked to perform a unilateral knee flex
ion during standing, the lack of necessary postural adjust
ments in trunk and contralateral limb musculature leads to
a loss of balance.133 Loss of balance is increased when the
subjects are asked to make the movements more rapidly.
Such data suggest a change in coordination of movement
and posture that is age-related. Moreover, preliminary evi
dence suggests that in the older person lateral stability is
more affected than stability in the sagittal plane. It is tempt
ing to speculate that these changes correlate with age-related
impairment in the vestibular system, hip proprioception,
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and integrity of sensation from the plantar surface of the
foot as previously discussed in the context of age-related
sensory changes. l3l However, such speculation remains to be
grounded in sound research associating impairments in sen
sory system function with behavioral outcomes at the level
of movement.
The sensitivity ofbalance/postural control to impairment
with aging lies in its multi-system nature. A comprehensive
description of the task of balancing includes detection of
body motion by the sensory systems, integration of this sen
sory information by the central nervous system, and finally
execution of appropriate motor responses. 153 Accordingly, at
least three major physiological systems and their sub
components contribute to balance: sensory-perceptual, cen
tral integrative, and neuromusculoskeletal. 92 ,151
Sensory-Perceptual Component
Control of posture and balance is governed by inputs from
three systems: visual, vestibular, and proprioceptive-each
of which is referenced to a separate external coordinate sys
tem and none of which senses the body's center of gravity di
rectly.132,154 Three sensory contributions afford redundancy
in the perceptual task, allowing a margin for errors endemic
to the proprioceptive and visual systems and for response la
tencies of the vestibular system. IS3 Proprioception, which
provides information relative to support surface conditions,
is in normal, healthy populations considered the dominant
sensory guide to balance, followed by vision and finally
vestibular inputs. 23o With aging, however, declines in propri
oception are common due to peripheral neuropathic
processes typical of aging and to declines in joint range of
motion that limit sensory contributions from joint recep
tors. 111,231 With diminished proprioceptive capacities, it is
typical for the elderly subject to become reliant on vision.
Vision, which senses body position relative to the surround
ing environment, is not only quite error prone, but a slow
perceptual system at best, demonstrating significant deterio
ration with age. 201 Elders are most impaired in their percep
tion of low frequency visual phenomena, e.g., slowly moving
targets and spatial sensitivity. It is significant then that pos
tural control and locomotion depend on low-frequency vi
sual information. 23o Finally, function in the vestibular sys
tem, which senses body position relative to the individual's
inertial-gravitational reference, is quite variable with ag
ing. 2oo ,230 The importance of vestibular contributions to pos
ture and balance is to resolve sensory conflicts when one or
more systems signal erroneous information.
Central Integrative Component
As should be evident, contributions from multiple sensory
systems require integrative action of the central nervous sys
tem to choose and weigh correct versus incorrect perceptual
information. This process of sorting out the varied sensory
inputs has been termed by Nashner l52 "sensory organiza
tion;' and the environmental situation in which the balance
task occurs-e.g., perturbation while standing, slip or trip,
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etc.-the "sensory context:'130 Either term is suggestive of a
contextually dependent216 and perhaps self-organizing l03 ,192
process within the CNS simplifying the integrative process
and speeding the onset of motor response.
As previously discussed, reaction times (motor re
sponses) can be delayed with aging and are slowed more re
markablyas the complexity of the situation increases. 124,223
Evaluation with the sensory organization component of the
dynamic posturography test has evidenced elders respond
ing at normal or very near normal levels for all conditions
except the visual conflict. When presented with both inaccu
rate proprioceptive and visual information, the integrative
task is to suppress the inappropriate perceptual information,
rely on appropriate vestibular guides to orientation, and
maintain standing posture. Approximately 40% of elderly
individuals fall in the visual conflict condition. Impaired
performance in this task has been attributed to physiological
slowing at the highest level of motor control.92 A modicum
of evidence documenting improvements in postural control
under challenging sensory contexts made through training
suggests adaptive potential in the aging nervous system. 94,163

i
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Neuromusculoskeletal Component

...

The primary task of the motor effector system is to maintain
the body's center of gravity (CG) within its base of support,
whether the context of the task involves sitting, standing, or
locomotion and, if perturbed, to restore the CG within the
base of support. In standing conditions the motor responses
subserving posture and balance have been called muscle syn
ergies,153 implying a functional organization of muscu
loskeletal components organized to minimize the on-line
neural decision making. Postural adjustments are not
thought of as hard-wired, stereotyped reflex responses, but
as behavioral responses that are functionally adaptive in a
context-specific mode. 91 ,216
Effective postural responses require appropriate timing or
response latency to the given task, scaling of the particular re
sponse amplitude, and suitable intersegmental coordination
to produce an effective kinematic pattern for maintenance or
restoration of posture. 92 In standing conditions, older sub
jects demonstrate increased sway or CG displacement; how
ever, the increased magnitude of sway magnitude does not
appear to place the elder directly at risk for injury. In fact, the
relationship between increased sway magnitude and falling is
unclear because the tendency to fall increases more distinctly
with chronological age/6 Rather, in elders, postural responses
to perturbation or to trips are manifest too late or are of in
sufficient magnitude to enable regaining balance.231 The scal
ing and intersegmental coordination of postural responses
are also frequently disrupted, leading to ineffective strategies
that are often destabilizing rather than restorative. 92
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Locomotion and Gait
The phenomenon of "slowing down" often observed in older
individuals has also been attributed to the aging process. Gait
speed is reported to decline 1% to 2% per decade for individ

,",

uals younger than 62 years and 16% per decade for individu
als aged 63 years and 0lder.s7 Common changes in gait associ
ated with aging include a slower speed of walking, decreased
step length, and increased time spent in double support. 149
The causal relationship between the age-related changes in
walking and the age-related changes in the neuromuscu
loskeletal system remain unknown at this time. For example,
a diminished step length may relate to an age-related dimin
ished pelvic rotation, decreased knee extension at heel strike,
diminished plantar flexion at toe-off, or a combination of
these and the myriad other factors reviewed in this chapter. It
is therefore not possible to say that age-related changes in the
basal ganglia, cerebellum, or spinal cord; slowed reaction
times; or diminished muscle function lead to a shortened step
length and a slower walking speed. At this time, we are only
able to provide careful descriptions of the changes in perfor
mance that accompany aging and through continued research
proceed toward the goal of associating changes at the cellular
and system levels with those in observed behavior.

Functional Afovement
There is a significant gap in understanding between labora
tory studies of human movement and outcome studies that
report an older person's ability to perform activities of daily
living (ADLs). Whereas laboratory studies attempt to quantify
movement parameters and provide a comprehensive descrip
tion of the quality of movement and mechanisms that may be
interacting to produce the movement, outcome studies focus
on the person's ability to complete a task successfully without
regard to the quality of the movement. The Potvin study cited
previously emphasizes this gap in knowledge. 171
In Potvin's study, neurological status was assessed in 61
men ranging in age from 20 to 80 years. In addition to ex
amining sensory status, tests of sensorimotor status and
ADL were examined. Simple reaction times for the upper
and lower extremities showed significant age-related effects.
In examining movement using quasi-laboratory conditions,
the greatest age-related declines in function in the upper ex
tremity were in hand-force steadiness and speed of hand
arm movements. The most difficult task involving the lower
extremities was standing on one leg and maintaining balance
with the eyes dosed. Although the RT demonstrated age-re
lated effects, the declines were far less than those reported for
hand-force control and one-legged standing-two tasks in
which an age-related decline of at least 50% was observed.
Average loss of function for 10 ADL tasks was 30%. The
most age-sensitive ADL tasks were donning a shirt and cut
ting with a knife.
Therefore, while well-controlled laboratory studies pro
vide insight into the mechanisms responsible for age-related
decline in specific movements, the results may not reflect the
severity of deterioration in functional movement. When
subjects are observed functioning under more natural con
ditions, additional factors may increase the complexity of
the task and result in more significant declines in function.
Evidence to support the need to consider the interaction of

Chapter 5

SENSORIMOTOR CHANGES AND ADAPTATION IN THE OLDER ADULT

the neural and muscular systems is exemplified in a study
conducted by Kinoshita and Francis. 107a The control of pre
cision grip force during lifting and holding objects with slip
pery and nonslippery surface textures was compared in
young, older (69 to 79 years), and very old (80 to 93 years)
subjects. The very old subjects held on to the object longer,
held the objects with more force, and demonstrated more
fluctuations in grip force compared with the younger sub
jects. The authors concluded that aging affects the pro
grammed force production capacity by causing alterations
in the preparatory force action during the lifting task, ad
justments in the grip force during the holding task, and in
creases in the variability of performance. These declines in
performance of functional movement suggest that age
related changes in skin properties, cutaneous sensibility
functions, and central nervous system function are factors
that contribute significantly to force production and must be
considered in addition to the age-related changes in the
properties of the muscle, changes in neuromuscular control,
and alterations in the neural organization of movement.

ADAPTATION
The dictionary defines plasticity as the capacity to change.
However, the term has come to have very specific meaning in
the scientific literature. Neuroscientists use the term plastic
ity to explain structural or physiological change in the CNS.
Plasticity is demonstrated, for example, by morphological
evidence that suggests an altered neural organization or by a
change in the efficiency of a synapse. Therefore, plasticity
can be defined as a response of neurons to perturbations in
their local environment. 44 Plasticity is viewed as an "adap
tive" response to a perturbation. Although the changes may
be the nervous system's attempt to adapt, it is not clear
whether the changes in neural networks correlate with func
tional adaptation.
The term mutability, rather than plasticity, is often used
to describe the muscle fiber's ability to change in response to
a new demand. The clinician does not, therefore, observe
plasticity or mutability. Rather, the clinician observes the be
havioral consequences of plasticity that may result from the
sparing of function, substitution of function, or recovery of
some lost function. Despite the lack of correlation between
cellular and functional changes, in the aged individual it is
important to know whether the nerve and muscle possess
the ability to respond to perturbation.
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Dendrites are important in the neuron's ability to receive
and process information. Most studies of the aged nervous
system have focused on the cerebral cortex, hippocampus,
and olfactory bulb. Little information exists about the cere
bellum, brainstem, and spinal cord. Therefore, any evidence
presented here cannot be generalized to changes in the entire
nervous system. As stated earlier a loss of synapses, dendritic
branches, and dendritic spines occurs with age. There is also
evidence in the human brain of an age-related increase in
the number of dendritic branches and dendritic spines in
the aging brain. 32,48 The presence of increased dendritic
growth of remaining neurons, coupled with the loss of other
neurons, suggests that the dendritic growth is a compen
satory re~ponse to the death of neighboring neurons. The
mechanism to account for the proliferation of dendrites is
speculative. One theory is that the glial cells, particularly the
astrocytes, in the CNS and the Schwann cells in the PNS
serve as sources of a trophic factor.9 Another possibility in
the CNS is that norepinephrine (NE) serves as a trophic
(nourishing) system. 74 The relationship between the struc
tural changes in the dendrites and changes in neurochem
istry has not been established at this time.
New synapses (synaptogenesis) have been demonstrated
to form in the adult brain. 48 In the CNS, partial denervation
results in sprouting by the remaining fibers. Sprouting con
tinues to be demonstrated in the aging animal brain, but the
rate and magnitude of sprouting appear to decline. It is as
sumed that sprouting can occur in the aging human brain
and can be adaptive or maladaptive. The return or mainte
nance of function depends on which connections are
formed. The relationship between sprouting and functional
ability in the human has also not been established.
The factors that accelerate the plastic changes include the
environment and diet. There is little evidence in the human
to suggest a cause-and-effect relationship among these fac
tors. Research in aged animals suggests that dendritic spine
density increases with an enriched environment. 45 There is
some evidence, although it is controversial, to suggest that
dietary supplements that include the precursors for acetyl
choline may delay memory loss in older human subjects. 48
Although the research on human plasticity is scant, there are
early indications that plasticity is possible in the aging hu
man and that the clinician may be able to potentiate this
process through activities performed in the clinical environ
ment.

Mutability
Plasticity
Perturbation of a neuron may be in the chemical composi
tion of the neuron's immediate surrounding, its afferent
supply, its targets, or in its neighboring neurons and glia.
The plastic responses to such perturbations may include al
teration in dendritic or axonal morphology, synapses, recep
tors, or metabolism. 44
Dendrites account for as much as 95% of the receptor
surface, which allows for contact with other neurons. 185

The possibility of preventing age-related decline in motor
unit function is theoretically greater than for age-related
changes in other tissues. This assumption is justified because
of the well-documented ability of muscle to respond to
physiological stimulation by improving its functional capac
ity and by correcting certain types of structural and chemi
cal damage. In response to appropriate stimuli, muscle fibers
can enlarge several-fold, as well as increase oxidative capac
ity. Are age-related functional changes in part a result of dis

..

L.

:.

••

'~"

"i....

....
...,

......••

104

Part One

FOUNDATIONS OF GERIATRIC PHYSICAL THERAPY

use? Can activity prevent or reverse these regressive changes?
Aging is associated with an evolving reduction of physical
activity, and deconditioning occurs fairly rapidly.lI Other
chapters address the literature that suggests that the older in
dividual is capable of regaining strength.
Larsson studied the effect of physical training on vastus
medialis morphology in 18 sedentary males ranging in age
from 22 to 65 years. 1I8 Subjects were involved in a 60- to 80
minute strength training program two times per week for 15
weeks. Muscle biopsies were taken and strength measure
ment was performed before and after the training period.
Maximal isometric and dynamic torque were evaluated us
ing an isokinetic device. Age-related muscle fiber atrophy
seen before training diminished after the training period be
cause of an increase in fiber size in older subjects. The in
crease in fiber size was more marked in the older subjects.
Increased torque was noted in all subjects, but the training
effect was more marked in older subjects. Such data suggest
that older muscle is mutable. However, the oldest subject was
only 65 years old.
Knee extension and elbow flexion have also been studied
in young and elderly individuals ll3: seven sedentary young
subjects who were an average of 28 years old and 26 older
subjects who were an average of 69 years old. The older sub
jects were subdivided into four groups: sedentary, swim
mers, runners, and strength-trained individuals. The older
physically active subjects had trained an average of 15 years,
three times per week. Maximal isometric torque for knee ex
tension was 44% lower and elbow flexion was 32% lower in
the sedentary elders compared with the young subjects.
Speed of movement was 20% and 26% slower in the knee
and arm movement, respectively, in the sedentary elders
compared with the young subjects. Cross-sectional area for
the vastus lateralis and biceps brachii was reduced, and a
preferential type II atrophy was demonstrated for the vastus
lateralis and the biceps brachii. The only active older group
who did not show age-related decline were the strength
trained older men who demonstrated no significant differ
ence on any of the variables tested when compared with the
sedentary young subjects. This study suggests that muscle
mutability may be retained in certain muscles in some older
individuals through the age of 69 and that retention may be
dependent on intensity and specificity of physical activity,
e.g., strength training in this case, rather than general condi
tioning. The relationship between muscle fiber types and the
quality or quantity of functional performance was not ad
dressed in this study. Since the sample size for this study was
small and the older subjects were younger than 70 years old,
additional work is necessary to generalize these findings.
In his review of the literature of how physiological sys
tems change with exercise, Buskirk concludes that a general
adaptation occurs with exercise. 34 Although the adaptation is
age-dependent, he suggests that regular exercise retards the
downward trends in systems of the body that are commonly
associated with aging. The two studies previously cited sup
port the hypothesis that muscle retains mutability with age.

Changes in this retention need to be studied within active,
sedentary individuals over time.

SUMMARY
This chapter has presented material that highlights age
related changes throughout the sensorimotor system. Based
on the knowledge of various pathologies and disease
processes, the clinician can then develop a more compre
hensive view and more appropriate expectations for the
course of clinical recovery in the older adult. With increasing
evidence that encroachment of subtle disease and pathology
are not tantamount to aging, it has become essential to re
visit our cultural expectation of normal aging. Accordingly,
investigators of human subjects and consumers of the re
search literature reporting findings obtained from human
subjects must screen for subtle pathology in the "normal" or
"healthy" older individuaL A body of research is now accu
mulating with evidence that behavioral outcomes differ sig
nificantly between "usual" and "successful" elders.
Although the majority of investigators agree that re
ported nervous system or muscle changes are a natural part
of the aging process, there remains no consensus regarding
the rate of age-related change within or across systems, nor
regarding what factors are primary in accelerating or retard
ing the aging process. Many investigations have selected a
particular region of the brain, a specific sensation, or a par
ticular body region for study. It is important to recognize
this limitation and not generalize findings from one region
to the whole body. Where possible, studies have been cited
that correlate age-related function in an anatomical or phys
iological substrate with behavioral function. Little research
has been performed in this regard, thus we remain without
clear evidence demonstrating the relationship between age
related change in neuromusculoskeletal function and age
related movement performance. Regardless of one's pre
ferred model of motor control, age-related changes in
nervous system and musculoskeletal function present a
complex interaction requiring additional research.
Recent evidence across domains of neuroscience, physiol
ogy, and biology indicate that age-related decline of neural
function is non-linear and may be attributed to more subtle
mechanisms than loss of cortical neurons. The ability of nu
clei and association areas within the brain to communicate
becomes compromised due to impaired cellular integrity,
loss of dendritic extent, and deterioration of myelinated
structures. At the periphery of the motor system, muscle un
dergoes dramatic changes including loss of fast-twitch fibers
and infiltration with connective tissue. Tendon connective
tissue also remodels, leaving tissues in the muscle-tendon
system with significantly increased stiffness. Motor neurons
are lost from the spinal cord ventral horn at a relatively lin
ear rate after age 60.
Current thinking holds that altered motor behavior
demonstrated with aging may reflect compensations on the
part of the neural control system for physiological alter
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ations across multiple systems, as have been previously
described. Many direct adaptations may occur in the seg
mental motor system; however, there is evidence of com
pensations made throughout the neuraxis. An important
compensation is the increase in motor unit territory due to
collateral reinnervation from remaining motor neurons. Sig
nificant additional changes may include decreased maximal
motor unit discharge rates in order to match mechanical
properties of remodeled muscle and to prevent synchroni7.a
tion of motor unit discharge in a diminished MN popula
tion. Alterations in the mechanical properties of the muscle
tendon system may adjust the length-tension relationship of
muscle favorably and therefore alter the conditions under
which the development of muscular force is optimized.
At the segmental level, adaptations in the stretch reflex
gain may serve to increase muscle stiffness in the immediate
response to perturbations while increases in joint stiffness
achieved through co-contraction may bolster this early re
sponse. Additional adaptations in segmental pathways rein
force the manifestation of decreased reciprocal control of
muscle pairs and increased co-contraction; these include in
creased pre-synaptic inhibition of the Ia pathway, and po
tentially increased recurrent inhibition through the Renshaw
cell. An image emerges of a system with maintained, but
substantially less flexible, control of movement.
An oft-described behavioral phenomenon with aging is
regression from mature to immature patterns of movement,
including increasing dependence on co-contraction and dif
ficulty with sensory conflicts. In development, many of these
patterns have traditionally been attributed to immaturity of
myelinated neural pathways.2oB It is perhaps significant that
central nervous structures that were slowest to myelinate are
the first to deteriorate with aging. lOS Evidence of similar re
sponses and mechanisms governing movement in develop
ment and aging suggest that rather than attrition and deteri
oration alone, age-related alterations in motor control may
represent adaptive responses across multiple biological sys
tems affording the organism compensatory mechanisms for
continued function. Improved understanding of normal,
physiological processes attributable to aging lies in our abil
ity to uncover the transitions between normal (adult) move
ment and these compensatory strategies. Particular promise
lies in careful comparisons between "usual" elders-those
who evidence "old" behaviors-and "successful') (normal)
older adults-those whose function remains more like their
younger chronological age peers.
As it has for the authors, this chapter on the sensorimo
tor system may lead initially to readers' concern for their
own potential age-related decline in function. More recent
and exciting research on plasticity, mutability, the effects of
exercise, and the long-term results of lifetime habits of phys
ical activity should, however, buoy the spirit. Additional re
search is needed to determine whether early evidence
demonstrating proposed plasticity of the aging nervous sys
tem is functional and can be significantly altered through ex
trinsic factors. It is quite encouraging to propose that qual
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ity and vigor of movement performance might be improved
through exercise.
Functional change in the aging neuromusculoskeletal sys
tem as measured by the physical therapist occurs in con
junction with anatomical, physiological, and neurochemical
changes in the sensorimotor system. Research evidence to
corroborate this belief and elucidate the critical mechanisms
is becoming available. Accordingly, full understanding of
factors affecting functional performance in the older adult
involves knowledge across domains of science and medicine
and efforts of a multidisciplinary health care team. Above all,
care and treatment of the aging individual begins with dif
ferentiation between physiological factors attributable to ag
ing and pathological influences superimposed on aging
physiological systems.
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medical problems that an elder is likely to face. When evalu
ating data on an individual geriatric patient, who may pre
sent clinically with almost any combination of these
changes, a therapist may feel overwhelmed by all the abnor
mal results noted on the initial examination. One of the
greatest challenges of geriatric physical therapy is to collect
complete, but only pertinent, data and to categorize these
clinical findings in a way that helps the therapist to under
stand what the patient's problems are; how they have come
about; and what, if anything at all, could be done by a phys
ical therapist to remedy the patient's situation. This chapter
has three purposes. The first purpose is to present a model of
health status that can be used by physical therapists to cate
gorize the data they might collect during an initial examina
tion. Second, we will explore how the parts of the model in
terconnect and may be used to assist the physical therapist to
understand the patient's problems in functional terms that
also suggest what a physical therapist might do to maintain
or improve the patient's level of function. Finally, this chap
ter outlines factors that are relevant to designing a physical
therapist plan of care that is tailored to the specific needs of
an older individual and to implementing interventions that
will produce a positive outcome.

INTRODUCTION
Many different concepts are required to capture the broad
dimensions of an elder's eventual experience with disease
and illness. Terms such as health status, well-being, and qual
ity of life have all been used at various times to describe a
facet of the human condition of individuals as they age.
Physical therapists direct a substantial proportion of their
clinical attention toward understanding the relationships
among health, disease, and function, especially how the
processes of normal aging and medical morbidity interact to
alter a person's physical ability to do even the simplest activ
ities of daily living (ADL) and fulfill the role obligations as
sociated with living independently as an adult.
The preceding chapters have reviewed in great detail the
multiple changes that occur with aging or result from certain

THE CONCEPT OF HEALTH STATUS

Definition ofHealth
The World Health Organization (WHO) defined health as a
state of complete physical, psychological, and social well
being, and not merely the absence of disease or infirmity.28
According to this definition, "health" is best understood as
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FIG. 6-1 Schematic representation of the four components of
health status and the process of disablement in the model devel
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an end point and pertains to the psychological and social
domains of human existence-not just the physical state of
the human being. In contrast to "complete health" as an end
point, there is health that most physical therapists recognize:
an objective state between wellness and death. Jllness,in com
parison with "objective" health, refers to the internal subjec
tive experience of the individual who is aware that personal
well-being has been jeopardized and how that person re
sponds to that experience.
Sociologist Saad Nagi constructed a model of health sta
tus that furthers our understanding of the relationship be
tween health and functional status, especially in the elderly,
by describing the process of disablement. ls - 18 In this model,
health status is parceled out into four distinct components
that evolve sequentially as an individual loses well-being:
disease or pathology, impairments, functional limitations,
and disability (Fig. 6-1). Each of these terms is discussed in
the text that follows. Taken together, these concepts describe
the essential elements of an overall framework for physical
therapist examination, evaluation, and diagnosis.

I

Disease
In Nagi's model, the term disease refers to an ongoing patho
logical state that is delineated by a particular cluster of signs
and symptoms and is recognized externally by either the in
dividual or a practitioner as abnormal. Nagi's concept of dis
ease is rooted in the principle of homeostasis: the human or
ganism responds to an active pathological state by
mobilizing its resources to respond to a threat and to return
to its normal state. IS Disease may be the result of infection,
trauma, metabolic imbalance, degenerative processes, or
other etiological factors. Whatever the cause, Nagi's concept
of disease emphashes two features: (1) an active threat to the
organism's normal state and (2) an active response internally
by the organism to that threat, which may be aided exter
nally by therapeutic interventions.
The term disease in Nagi's model does not cover all of the
conditions of many elders that necessitate the services of a
physical therapist. There are also numerous medical condi
tions that affect an individual's ability to function but are
not related to any single active pathology. Congestive heart
failure (CHF), for example, is a medical syndrome that is a
recognized cluster of signs and symptoms. Although CHF
evolves from active pathological factors over time, it is the
co-existence of these pathological factors over the same time
period that may explain CHF in the elderlyY Osteoarthritis,
which is neither active nor progressive in all cases, may also
be a medical condition that is best understood as a cluster of
pathological processes, not a single disease. 26 A physical ther-

Functional
Syndrome --+ Impairment - - + limitations

---+ Disability

Lesion

FIG. 6-2 Expansion of the Nagi model to include conditions
other than disease or active pathology that may result in impair
ments.

apist's caseload may also include individuals whose medical
diagnoses indicate fixed lesions, which identify previous in
sults to a body part or organ and sites of dysfunction but are
not presently associated with any active processes. A patient
who has had a stroke is a common example of an individual
with a fixed neuroanatomicallesion that is no longer associ
ated with any ongoing pathological process. Therefore,
Nagi's original model can be developed further to include
threats to health, other than disease, that can lead to impair
ment (Fig. 6-2).

Impairment
The second term in Nagi's model is impairment. Impair
ments, many of which evolve as the consequence of disease,
pathological processes, or lesions, can be defined as alter
ations in anatomical, physiological, or psychological struc
tures or functions that are the results of underlying changes
in the elder's normal state and also contribute to an elder's
illness. Physical impairments, such as pain and decreased
range of motion (ROM) in the shoulder, may be the overt
manifestations (or symptoms and signs) of either temporary
or permanent disease or pathological processes. This will not
be true, however, for every geriatric patient. The genesis of
some impairments can often be unclear. Poor posture, for
example, is neither a disease nor a pathological state, yet the
resultant muscle shortening and capsular tightness may pre
sent as major impairments in a clinical examination. Thus,
not all older patients are patients because they have a disease.
Some elders are treated by physical therapists because their
impairments are sufficient cause for concern. Our efforts
with geriatric patients are directed primarily at impairments
of the cardiopulmonary, integumentary, musculoskeletal,
and neuromuscular systems.
Physical therapists are recognized experts in the measure
ment of impairments through the application of test proce
dures such as goniometry and manual muscle testing. Given
that much of physical therapy is directed toward remediat
ing or minimizing impairments, some additional elabora
tion of the concept of impairment is particularly useful in
geriatric physical therapy. Schenkman and Butler have pro
posed that impairments can be classified in two ways.24,25
Some impairments are the direct effects of a disease, syn
drome, or lesion and are relatively confined to a single sys
tem. For example, they note that weakness can be classified
as a neuromuscular impairment that is a direct effect of a pe
ripheral motor neuropathy in the lower extremity. There
may also be impairments in other systems that can be re

,
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garded as indirect effects of the underlying problem. For ex
ample, attempts to ambulate a patient with a peripheral mo
tor neuropathy may put unnecessary strain on joints and lig
aments that may be detected on clinical examination as
musculoskeletal impairments. The combination of weakness
and ligamentous strain may lead to a composite effect, the
impairment of pain.
Although Schenkman and Butler expanded the concept
of impairment around individuals with neurological dys
function, categorizing clinical signs and symptoms into im
pairmer.ts that are direct, indirect, or composite effects can
help to bring together the data of the medical history and the
findings of the clinical examination into a cohesive relation
ship. For example, consider a 79-year-old female with severe
peripheral vascular disease (PVD). Upon clinical examina
tion, the physical therapist notes that this individual has lost
sensation below the right knee. Sensory loss is an impair
ment that would be classified as a direct effect of PVD. As the
individual is ambulating less and cannot sense full ankle
ROM, loss of ROM may be an indirect effect of the patient's
PVD on the musculoskeletal system. The combination of the
direct impairment-sensory loss below the knee-and the
indirect impairment-decreased ROM in the ankle--may
help to explain another clinical finding, poor balance, which
can be understood as a composite effect of other impair
ments. Piecing clinical data together in this fashion allows
the therapist to uncover the interrelationships among a pa
tient's PVD, loss of sensation, limited ROM, and balance
deficits. Without a framework that sorts the patient's clinical
data into relevant categories, the therapist might never com
prehend how the patient's problems came to be and thus
how to intervene. Treatment consisting of balance activities
alone would be inappropriate, since the therapist must also
address the loss in ROM as well as teach the patient to
compensate for the sensory loss in order to remediate the
impairments.

Functional Limitations
While most of us anticipate that our body systems will dete
riorate with time as we age, an inability to do for one's self
from day to day perhaps most clearly identifies when elders
are losing their health. Nagi proposed that functionallimita
tions were the results of impairments and consisted of an in
dividual's inability to perform the tasks and activities that
constitute usual activities for that individual, for example,
reaching for something on an overhead shelf or carrying a
package. As measures of behaviors at the level of a person,
and not anatomical or physiological conditions, limitations
in functional status should not be confused with diseases or
impairments that encompass aberrations in specific tissues,
organs, and systems that present clinically as the patient's
signs and symptoms.
Functional limitations occur in distinct categories of
tasks and activities: physical, psychological, and social. Phys
ical function covers an individual's sensorimotor perfor
mance in the execution of particular tasks and activities.
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Rolling, getting out of bed, transferring, walking, climbing,
bending, lifting, and carrying are all examples of physical
functional activities. These sensorimotor functional abilities
underlie the fundamental daily organized patterns of behav
iors that are further classified as basic ADL such as feeding,
dressing, bathing, grooming, and toileting. The more com
plex tasks associated with independent community living,
for example, using public transportation or grocery shop
ping, are categorized as "instrumental" ADL, often abbrevi
ated as "IADL." Successful performance of complex physical
functional activities, such as personal hygiene and house
keeping, typically requires integration of cognitive and af
fective abilities as well as physical ones. 6
Psychological function has two components: mental and
affective. Mental function covers a range of cognitive activi
ties, such as telling time and performing money calculations,
that are essential to living independently as an adult. Atten
tion, concentration, memory, and judgment are all elements
of mental function. An elder's emotional state and effective
ness in coping with the stresses attributable to disease or
negative impacts of the aging process are indicators of the
patient's affective function. Affective function broadly refers
to both the everyday "hassles" of daily existence that are part
of every elder's experience as well as the more traumatic
events such as death of a spouse. Self-esteem, anxiety, de
pression, and coping are also represented in the construct of
affective functioning.
Social function encompasses an individual's social activi
ties such as church attendance or family gatherings as well as
performance of social roles and obligations. Grandparenting
and being employed outside the home are two examples of
social role functioning relevant to an older individual and
therefore are potential problems to be considered in the
physical therapist's initial examination. Although physical
therapists are chiefly concerned with physical functional ac
tivities, individuals typically conceive their personal identi
ties in terms of specific social roles: worker, father, grand
mother, wife, community volunteer. All of these roles
demand a certain degree of physical ability. Many opportu
nities for social interaction for retired elders occur around
volunteer and leisure activities, even if it means only the
manual dexterity required to dial a telephone. Therefore, the
positive effects of physical therapy with the elderly may not
be strictly limited to improvement in physical functional sta
tus. Improved social functioning may accompany changes in
physical ability as well.
Although every geriatric patient can be expected to carry
at least two medical diagnoses, each of which will manifest
itself in particular impairments of the cardiopulmonary,
musculoskeletal, or neuromuscular systems, impairment
does not always entail functional limitation. One cannot as
sume that an individual will be unable to perform the tasks
and roles of usual daily living by virtue of having an impair
ment alone. For example, an elder with osteoarthritis (dis
ease) may exhibit loss of range of motion (impairment) and
experience great difficulty in transferring from a bed to a
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chair (function). Another individual with equal loss of ROM
may use a method for transferring without any difficulty,
perhaps by using available joint motion to the best advan
tage or by using assistive devices. Sometimes patients will
overcome multiple, and even permanent, impairments by
the sheer force of their motivation. In the first case, a de
crease in difficulty while bathing after remediation of the
joint impairment would usually be accepted as clinical evi
dence of a causal relationship between impairment and
functional loss.
The degree to which any of these limitations in physical
functional activities may be linked to impairments has not
been fully determined through research. The few studies
that have been reported in the literature support a relation
ship between impairments and functional status. Bergstrom
and colleagues have studied a group of 79-year-old men
and women. 2 ,3 They found that lower extremity joint
complaints were more common than upper extremity com
plaints. Among those elders who had upper extremity
complaints, ROM was most restricted in the wrists or shoul
ders. Hip motion was limited in 84% of the individuals who
had lower extremity complaints. When elders with symp
toms and joint complaints were compared with elders with
out such problems, significant differences were found in the
ability to use public transportation and climb stairs. Elders
with musculoskeletal impairments were also more likely to
use ambulation aids. Badley and co-workers conducted a
study of 95 patients with arthritis whose mean age was 61. 1
If an individual could not flex the knee more than 70 de
grees, the researchers noted that their subjects had difficulty
walking to a toilet, transferring to a toilet, getting in and out
of a bath, and walking up and down stairs. In a panel of el
ders in Massachusetts, Jette and colleagues found that mus
culoskeletal impairments in the hand influenced limitations
in basic ADL over a 5-year periodY Progression of impair
ment in the lower extremity had similar significant impact
on the progression of deficits in IADL. It has also been noted
that the relationship between lower extremity impairment
and functional performance is not always linear. Ferruci and
colleagues found that strength above a certain threshold did
not account for lower extremity function among 1.0002
women in the Women's Health and Aging Study.s
Functional assessment, which is covered elsewhere in this
text, allows the therapist to determine whether the manner
in which tasks and activities are done represents an impor
tant quantitative or qualitative deviation from the way in
which most people of similar age would perform them. In
the absence of norms for elderly functional performance, the
therapist must bring previous experience with adults, who
are similar to the patient, to bear on this judgment, rather
than compare functionally limited elders with healthier and
younger adults. Furthermore, even if the therapist concludes
that the patient's performance is other than "normal:' this
does not imply that an elder cannot meet socially imposed
expectations of what it means to be independent or that an
elder is permanently disabled.

Disability
Nagi reserved the term disability for patterns of behavior
that emerged over long periods of time during which an in
dividual experienced functional limitations to such a degree
that they could not be overcome to create some semblance of
"normal" overall role and task performance. Thus, the con
cept of disability includes deficits in the performance ofADL
and IADL that are broadly pertinent to many social roles.
The person with limited shoulder motion who is fully able to
bathe independently by using the range of motion available
at other joints to their best mechanical advantage and a
shower mitt cannot accurately be described as "disabled:'
even though functional performance may be extremely lim
ited without the use of an altered movement pattern and an
assistive device. Although each of the terms that have been
presented so far involves some consensus about what is "nor
mal," the concept of a "disability" is socially constructed.
Disability is characterized by discordance between the actual
performance of an individual in a particular role and the ex
pectations of the community of what is "normal" for an
adult. The meaning of "disabled" is taken from the commu
nity in which the individual lives and the criteria for "nor
mal" within that social group. The term disabled connotes a
particular status in society. Labeling a person as disabled re
quires a judgment, usually by a professional, that an individ
ual's behaviors are somehow inadequate based on the pro
fessional's understanding of the expectations that the
activity should be accomplished in ways that are typical
for an elder's age and gender as well as cultural and social
environment.
The evidence suggests that functional limitations and dis
ability in a geriatric population change over time, and not all
elders exhibit functional decline,B,21 If we follow any cohort
of elders over time, there will be more disability overall
within the group, but some individuals will actually improve
and others will maintain their functional level. Restricting
the use of the term disabled to describe only long-term over
all functional decline in geriatric populations encourages us
to understand a particular elder's functional limitations and
disability in a dynamic context subject to change, particu
larly after therapeutic intervention. Disability depends on
both the capacities of the individual and the expectations
that are imposed on the individual by those in the immedi
ate social environment, most often the patient's family and
care givers. Physical therapists who apply a health status per
spective to the assessment of patients draw on a broad ap
preciation of an elder as a person living in a particular social
context as well as having individual characteristics. Chang
ing the expectations of a social context-for example, ex
plaining to family members what level of assistance is ap
propriate to an elder after stroke-may help to diminish
disability as much as supplying the patient with assistive de
vices or increasing the physical ability to use them.
Granger notes that while the pathways from disease to
disability are thought to be unidirectional, disability may it
self initiate further impairments and functional limitations
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that foster disease. s Perhaps no clearer example of disability
in the elderly exists than the person who has been crippled
by cardiac disease because rehabilitation has not encouraged
resumption of a level of activity that is "normal" for that per
son. Lack of activity may result in further impairment in
both the cardiopulmonary and musculoskeletal systems,
which may further put the individual at risk of recurrent
cardiac episodes.
Another model of the process of disablement can be
found in the International Classification of Impairments,
Diseases and Handicaps (ICIDH). The ICIDH is currently
under extensive revision. Revisions of the ICIDH that have
been circulated for review internationally in 1998 continue
using the term impairment but abandon the terms disability
and handicap in favor of the terms activity limitation and
participation restriction, respectively.12 These proposed
changes in ICIDH terminology, if adopted, would be closer
to the concepts of functional limitation and disability used
in the Nagi model and greatly reduce the overall differences
between the two models.
Nagi's model has never had a term to cover the concept of
handicap, a term which is more often found in the European
literature, but less frequently used nowadays by clinicians
and researchers in the United States. Handicap is a term that
describes the social disadvantage of disability and is a func
tion of a society's response to needs of people with different
abilities. S In some instances, even a person who is function
ing independently may still be "handicapped" by the social
stigma of using an assistive device such as a wheelchair.
Physical therapists can help change social attitudes and envi
ronmental restrictions such as architectural barriers that
stigmatize individuals and restrict participation in all aspects
of society.
THE RELATIONSHIP BETWEEN
IMPAIRMENT AND FUNCTIONAL STATUS
Nagi's model describes the major concepts of a diagnostic
process that is potentially useful to physical therapists to plan
and direct treatment. to Although additional research is neces
sary to elaborate the relationship between impairments and
function suggested by the research cited in the preceding text,
the domain of the physical therapist's expertise is found in
the ability to identify cardiopulmonary, integumentary, mus
culoskeletal, and neuromuscular impairments that may un
derlie physical functional limitations. To provide physical
therapy interventions that will achieve the goal of restoring
or improving function, the physical therapist must know
more than the patient's signs and symptoms, which are ex
pressions of the individual's disease and impairments. The
clinician must also attempt to discern which impairments af
fect the patient's ability to function. Physical therapy is a
complex clinical art and science, but the primary question of
the discipline is simple and has two parts: What is the pa
tient's current functional level and, which impairments con
tribute to the patient's functional limitations (Fig. 6-3)?
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FIG. 6-3 The primary focus of a physical therapy evaluation is to
determine the relationship between a patient's impairments and
functional limitations.

When the therapist's attention turns toward planning in
tervention, the key question is, Of the impairments that are
related to the patient's functional limitations, which ones
can also be remedied by physical therapy treatment? Fur
thermore, if the patient's impairments cannot be remedied,
the physical therapist then seeks to determine how the pa
tient may compensate by using other abilities to accomplish
the task and how can the task be modified so that it can be
performed within the restrictions the patient's condition im
poses on the situation? This latter process may be referred to
as the process ofenablement and encapsulates the rehabilita
tion specialist's response to the process of disablement. 4 In
the next section, the process of diagnosis in physical therapy
is reviewed using the terminology of health status and the

process ofdisablement.
APPROACHES TO CLINICAL DIAGNOSIS
Physical therapists engage in the diagnostic process every
time they assess a patient, cluster findings, interpret data,
and label patient problems. tO,19,23 Sackett and colleagues
point to four different approaches that are used by practi
tioners to arrive at a clinical diagnosis. 22
One approach to clinical diagnosis uses a decision tree to
progress the initial examination along one of a large number
of potential paths. A patient's response to each inquiry or
clinical assessment procedure automatically determines the
next inquiry. The major disadvantage of this approach is that
all contingencies have to be worked out explicitly in advance.
If a patient's response or clinical presentation has not been
included on the tree, then the next step of the examination
remains unknown. Matching all the possible responses that
could be exhibited by an older adult to specific routines of
clinical examination is a daunting challenge. Furthermore,
as the profession of physical therapy seeks to establish its sci
entific credibility, each step of the decision tree must be val
idated empirically.
A second strategy for clinical diagnosis is the complete his
tory and physical, which has also been termed the strategy of
exhaustion: "the painstaking invariant search for, but paying
no immediate attention to, all medical facts about the pa
tient followed by sifting through the data for the diagno
sis:'22 Generally, this is the method of the novice and is aban
doned with experience. Sackett and colleagues have
commented that all medical students should be taught
(1) how to do both a complete history and physical and (2)
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then once they have mastered its components, never to do
one. A similar admonition may be appropriate for physical
therapy students and clinicians, especially those with an in
terest in caring for the elderly. Students and clinicians must
have mastery of all the components of a complete history
and physical examination. Performing every clinical test and
measure that a practitioner knows as an initial examination
is, however, time-consuming, fiscally irresponsible, and
likely to yield an uninterpretable catalog of abnormal find
ings. This does not mean that only cursory clinical examina
tions of the elderly are indicated. On the contrary, optimal
clinical examination may require in-depth tests and mea
sures of certain aspects of a patient's clinical presentation in
order to understand the factors contributing to the patient's
functional deficits. The salient point is that examination will
be limited to only those aspects.
A third approach to clinical diagnosis is called pattern
recognition, which can be defined as the "instantaneous real
ization that the patient's presentation conforms to a previ
ously learned picture:' Two examples of patterns recognized
by many physical therapists are the upper extremity position
of the adult with spastic hemiplegia and the bilateral
swelling and ulnar deviation of the metacarpals of an indi
vidual with rheumatoid arthritis. These patterns represent
something immediately identifiable to the experienced ther
apist that has been learned over time. It has been suggested
that pattern recognition is increasingly used as a diagnostic
strategy as clinical experience growS. 22
Unfortunately, pattern recognition is a reflexive ap
proach to categorizing a patient's problems that is not al
ways a reflective process as well. The drawback of pattern
recognition is that it can place too much reliance on the
therapist's previous experience and lead to a narrow set of
premature conclusions. If, for example, we are examining
someone with shortened bilateral step length in a shuffling
pattern, previous clinical experience might suggest that this
is a neuromuscular impairment. On the other hand, previ
ous exposure to patients with the bony changes associated
with rheumatic diseases, who may exhibit the same non
specific gait abnormalities, may lead to concerns about
structural deformities of the metatarsals and pain
(metatarsalgia). Neither conclusion would be correct with
out further corroborating evidence. Experienced clinicians
can develop a tendency to see patterns and assign a diag
nostic interpretation to the patient's signs and symptoms
prematurely. There is, however, great value to pattern
recognition as part of a clinical diagnostic strategy, espe
cially at the start of the diagnostic process. By suggesting
that a patient's clinical presentation might conform to
some previously encountered pattern, the therapist is able
to limit the search for corroborating evidence to substanti
ate the clinical impression.
The fourth diagnostic method is called the hypothetico
deductive strategy, which is defined as the formulation of a
short list of potential diagnoses or actions from the earliest
clues about the patient, followed by performance of specific

clinical tests and measures that will best reduce the length of
the list. This method corrects for the flaw in pattern recog
nition by not structuring the search for corroborating evi
dence too narrowly. Neither does it open the search too
widely, requiring the therapist to consider every abnormal
clinical finding that might be identified through a "com
plete" history and physical, especially one performed on a
geriatric patient. In the next section, the essential steps of the
hypothetico-deductive method are presented as a schema for
evaluation and treatment planning.

SCHEMA FOR PATIENT MANAGEMENT
The Guide to Physical Therapist Practice describes a pa
tient/client management model comprised of five compo
nents: examination, evaluation, diagnosis, prognosis, and in
tervention. 1I The Guide has two underlying premises: (1) the
process of disablement is a useful model for understanding
and organizing physical therapist practice and (2) diagnosis
by physical therapists is an essential element of practice re
quiring a classification scheme that directs intervention.
Each component of the model makes a vital contribution to
the achievement of positive outcomes whereby functional
limitations and disability are diminished or eliminated, pa
tient satisfaction is attained, and secondary prevention is
successful.

Examination
As defined in the Guide, examination has three parts: his
tory, systems review, and specific tests and measures. Before
meeting the patient, a physical therapist should organize the
data collection. Owing to the reimbursement requirements
currently imposed on physical therapists, many elders enter
physical therapy with a referral that may contain a few use
ful facts about the patient's medical history or the reason for
the referral. In these circumstances the first question to ask
oneself is, Given the facts about the patient that are available
before the examination, have any impairments or functional
limitations been identified even before the patient is seen for
the first time?
The collection of two kinds of clinical data should be in
tegrated into the format for the first clinical encounter. First,
there are a number of factors identified in the literature and
reviewed elsewhere in this text that may influence the trajec
tory of a patient from disease to disability that need to be
taken into account (Fig. 6-4). Specifically, these include a pa
tient's age, gender, education, and income. With respect to
the geriatric patient in particular, the therapist must also
consider other medical conditions, overall health habits,
cognitive ability, mood, and the patient's physical and psy
chosocial environments. Additional information that would
assist in setting goals and designing intervention and infor
mation from other disciplines can also be very helpful. Data
on the individual's current medical conditions and medica
tions, for example, are extremely relevant. If the overall goal
is to optimize patient function, then one of the first steps is
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FIG. 6-4 Expansion of Nagi model to account for the influence of personal, social, and environmental fac
tors and health care services on the process of disablement. (From Guccione AA: Arthritis and the process of
disablement. Phys Ther 1994; 74:408-414. Used by permission of the American Physical Therapy Association.)

to ascertain the patient's current level of function. Whenever
the patient's communication ability is intact, the initial in
terview begins by allowing patients to identify what they see
as the primary functional limitations that have prompted
the need for physical therapy. In their formulation of a
hypothetico-deductive strategy for clinical diagnosis, Roth
stein and Echternach emphasize the value of listening as pa
tients identify their problems and allowing the individuals to
express the desired goal of treatment in their own terms. 20 By
talking with the patient the therapist begins to develop not
only a professional rapport but also an understanding of the
patient's appreciation of the situation. Listening to the pa
tient also permits the therapist to address an ethical dimen
sion of practice. Allowing the patient to identify the goals of
treatment is one way to ensure that a person's autonomy has
been respected. 9 This is especially pertinent to care provided
to older individuals who may find their ability to control
their own personal destinies compromised by professional
judgments made "in their best interests:'
When the patient is unable to communicate effectively, the
therapist may turn to proxy information. The patient's fam
ily and friends may be able to give some insight as to what the
patient would regard as the goals of intervention. The thera
pist may also hypothesize about a patient's functional deficits
based on previous experience with similar patients.
Data from the history, as well as data on how the patient's
problems have been treated in the past, allow the therapist to
hypothesize that certain impairments or functionallimita
tions might exist by virtue of the individual's medical condi
tion(s) and sociodemographic and other personal character
istics. For example, suppose that the physical therapist learns
from the patient's history that the patient has a medical diag
nosis of Parkinson's disease, that she is 81 years old, and that
she lives alone. The diagnosis of Parkinson's disease suggests
the possibility of the following impairments: loss of motor

control and abnormal tone, ROM deficits, faulty posture, and
decreased endurance for functional activities. Using epidemi
ological research about what functional limitations are likely
for females living alone, specific questions about indepen
dence in IADL, with specific tests and measures as indicated,
would be appropriate to include in the examination. Social
isolation, for example, may lead to depression, which could
further aggravate a persons functional difficulties.
After organizing one's thoughts around whatever histori
cal information about the patient is available, the therapist
begins the "hands-on" component of the clinical encounter.
The systems review is a brief examination of the anatomical
and physiological status of the cardiopulmonary, integu
mentary, musculoskeletal, and neuromuscular systems, es
pecially as each of these affects a person's ability to initiate
and sustain purposeful movement directed toward perfor
mance of a task or activity pertinent to the patient's func
tion. The data generated by the systems review is then used
by the physical therapist to select specific tests and measures
that, in turn, will be used to establish a diagnosis and prog
nosis and to develop the plan of care. The tests and measures
that are done as part of an initial examination should only
be those necessary to confirm or reject a hypothesis about
the factors that contribute to making the patient's current
level of function less than optimal.

Evaluation
After the examination, the therapist evaluates the data by
making clinical judgments about their meaning and their
relevance to the patient's condition. It is not unusual for
geriatric patients to have multiple impairments and func
tional limitations, many of which can be identified by a
physical therapist and could be treated using physical ther
apy procedures. However, the purpose of evaluation is
twofold: (1) to indicate which deficiencies in function are es
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sential to a person's optimal well-being and (2) to identify
the impairments that are most associated with the patient's
current level of function and must be remediated for the pa
tient to reach an optimal functional level.
Specific tests and measures are used in the examination to
clarify the extent of functional limitation and disability and
to identify impairments. Tests and measures will vary in the
precision of measurement, yet useful data may be generated
through various means. Data generated from either a gross
test, such as "break" test for strength, or from a very precise
manual muscle test could be used to reject the hypothesis
that muscle performance is a contributing factor to the pa
tient's functional deficit, depending on particular circum
stances. Similarly, a functional assessment instrument may
quantify a large number of ADL or IADL, yet fail to detect a
particular task and activity that is most important to the pa
tient. The "correct" test or measure is the one that yields data
that are sufficiently accurate and precise to allow the thera
pist to make a correct inference about the patient's condi
tion. Therefore, the therapist must consider the quality of
the data; the likelihood of error; and, most importantly, the
risk to the patient associated with making a clinical judg
ment with less-than-acceptable certainty when evaluating
the meaning of the data collected on examination.

... ,"

R
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Diagnosis
The relationship between impairment and function forms
the tentative basis for a system of classification for diagnosis
by physical therapists. lO The Guide established, through an
extensive consensus process, preferred practice patterns that
describe a cluster of impairments associated with health
conditions that impede optimal function. ll After evaluation
of the examination data, the therapist first uses the classifi
cation scheme of the preferred practice patterns to complete
the diagnostic process that began with the collection of data
in the examination, then proceeds through the organization
and interpretation of data during evaluation, and culminates
with the application of a label for the patient's clinical pre
sentation, that is, the diagnosis. As constructed on the basis

of impairments, the preferred practice patterns fulfill a ma
jor requirement of professional diagnosis, i.e., the label (di
agnosis) applied as the end result of the diagnostic process
directs intervention within the scope of practice of the pro
fessional applying the label. lo

Prognosis and Treatment Planning
The next task of the physical therapist is to state a prognosis,
which is a prediction about the optimal level of function that
the patient will achieve and the time that will be required to
reach that level. Having done that, the patient can then indi
cate the anticipated goals of treatment, which generally are
related to the change in impairment anticipated at discharge
as well as the expected outcomes of care. Physical therapy in
tervention will end when the expected outcomes are
achieved. Therefore the functional outcomes of treatment
should be stated in behavioral terms. On the basis of these
anticipated goals and expected outcomes, the physical ther
apist then completes a plan of care that specifies the inter
ventions to be implemented, including their frequency, in
tensity, and duration.
When it is decided that an individual's impairments and
functional limitations are amenable to physical therapy in
tervention, the therapist should establish a schedule for eval
uating the effectiveness of the intervention. If the patient
achieves the anticipated goals for changes in impairments
but does not also achieve the expected functional outcomes,
this is an indication that the therapist has incorrectly hy
pothesized the relationship between the patient's impair
ments and functional status. 20 In this instance, the therapist
may re-examine the patient to modify the plan of care.

Intervention
Intervention, as explicated by the Guide, has three compo
nents: (1) coordination, communication, and documenta
tion; (2) patient-related instruction; and (3) direct interven
tion. Effective and comprehensive care that addresses the
patient's needs is promoted througb the processes of coordi
nation, communication, and documentation. The range of
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FIG. 6-5 The scope of physical therapist practice within the continuum of health care services. (Modified
from Guccione AA: Physical therapy diagnosis and the relationship between impairments and function.
Phys Ther 1991; 71:499-504. Used by permission of the American Physical Therapy Association.)
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an elder's needs can be very broad and often exceed a physi
cal therapist's scope of practice. Health care can be conceived
of as a continuum of services. At one end are medical and
nursing care to deal with the patient's disease and illness. At
the other end of the continuum is social care and a system to
facilitate re-entry of a patient with a permanent disability
into the community. Although some overlap will always ex
ist, each of these professionals has a primary relationship
with the patient that is predicated on the professional's do
main of expertise. Superimposing the continuum of health
care onto the patient's clinical needs may provide some clues
as to which other practitioners should be consulted in a well
coordinated plan of care (Fig. 6-5). Patient-related instruc
tion, which includes teaching family, care-givers, and other
professionals, is a critical therapeutic intervention for many
geriatric patients and is discussed in Chapter 25.
The Guide describes nine major groups of direct inter
ventions, all of which are relevant to geriatric physical ther
apy: therapeutic exercise; functional training in self-care and
home management; functional training in community and
work integration or reintegration; manual therapy tech
niques; prescription, application and as appropriate, fabrica
tion of devices and equipment; airway clearance techniques;
wound management; electrotherapeutic modalities; and
physical agents and mechanical modalities. Specific applica
tions of these direct interventions are discussed at length in
Part III of this text.
Although a host of procedures and techniques might be
used to remediate an impairment or minimize a functional
limitation, only those that are most likely to promote the
outcome in a cost-effective manner should be chosen for in
clusion in the plan of care. The combination of direct inter
ventions used with any particular patient will vary accord
ing to the impairments and functional limitations that are
addressed by the plan of care for that individual. Most of
the direct interventions used by physical therapists are
aimed directly at remediating impairments that underlie
functional limitations; however, two of the direct interven
tions listed in the preceding text consider the functional
limitation itself. Although physical therapists sometimes
apply therapeutic exercise in the position of function-for
example, standing balance exercises-or try to simulate the
environment in which the functional activity is per
formed-for example, a staircase-the functional activity
in and of itself should not be confused with the core ele
ments of a physical therapist's plan of care, that is, thera
peutic exercise and functional training. It is particularly
helpful for the therapist working with geriatric patients to
appreciate that there are some impairments that will not
change, no matter how much direct intervention is pro
vided. This realization will diminish unnecessary treatment.
In these instances, physical therapists may still achieve pos
itive patient outcomes by teaching patients how to compen
sate for their permanent impairments by capitalizing on
other capabilities or by modifying the environment to re
duce the demands of the task.
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SUMMARY
The process of disablement is a conceptualization of health
status with four components that form a framework for
geriatric examination, evaluation, and diagnosis supported
by the Guide to Physical Therapist Practice. Physical thera
pists have particular expertise in the clinical analysis of the
relationship between impairments and functional limita
tions and in the application of direct interventions to reme
diate impairments. In general, the expected outcome of
physical therapy for geriatric patients is to maintain or im
prove their functional status.
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CHAPTER

7

IONAL ASSESS
FTHE ELDE
A. GUCCIONE, PT, PHD,

O-UTLINE

an older persons physical health. By altering the ability to
function, disease and its effects curtail the customary activi
ties that a person identi6es as essential to meaningful living.
Therefore, functional assessment, in its broadest sense, is
particular to the individual and a measure of those activities
by which an individual judges the quality of life.
The four purposes of this chapter are to review what is
currently known about the physical functional status of the
elderly, describe the elements that may be included in a
physical functional assessment, discuss some of the method
ological aspects of administering a functional assessment,
and describe some of the formal functional assessment in
struments that have been used broadly in geriatric clinical
practice and research.
As has been described in Chapter 6 and elsewhere in this
text, the data of a functional assessment alone cannot deter
mine the interventions included in the plan of care. The
physical therapist must review functional limitations in light
of other clinical findings that identify the patient's impair
ments and other psychological, social, and environmental
factors that modify function in determining whether a pa
tient will become disabled. 45 The therapist then hypothesizes
which findings contribute to the patient's functional deficits
and will be the focus of patient-related instruction and di
rect intervention. Three patients may have the same limita
tion, i.e., inability to transfer independently from bed to
chair, yet require entirely different programs of intervention.
If the first individual lacked sufficient knee strength to come
to a standing position, then the plan of care would incorpo
rate strengthening exercises to remedy the impairment and
improve the patient's function. If the second patient lacked
sufficient raI}ge of motion (ROM) at the hip due to flexion
contractures to allow full upright standing, then interven
tion would focus on increasing ROM at the hip to improve
function. The third individual may possess all the muscu
loskeletal and neuromuscular prerequisites to allow function
but still require appropriate instruction to do it safely and

INTRODUCTION
There can be little dissension that the ultimate goal of all
physical therapy interventions with the elderly is to restore
or maintain the highest level of function possible for the in
dividual, particularly function associated with movement.
Whenever physical therapists take on this challenge, they as
sist elders in maintaining their identities as competent
adults. Very young children begin to define themselves, in
part, through their independence and mastery over the
physical environment, and their pleasure in these achieve
ments is self-evident. Disease and illness threaten more than
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with minimal exertion. Each individual may achieve a simi
lar level of functional independence, yet none of the three
would have received the exact same treatment to achieve the
same outcome.
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PHYSICAL FUNCTIONAL LIMITATIONS
AND DISABILITY IN THE ELDERLY
As elaborated in Chapter 6, physical, psychological, and so
dal function are all dimensions of function that are included
in the measurement of a person's overall health status. 49
Physical therapists are most often concerned with evaluating
and diagnosing physical functional limitations and then re
mediating the impairments that underlie them. Physical
functional activities, the focus of this chapter, can be subdi
vided into five areas: mobility, which includes transfers and
ambulation; basic self-care and personal hygiene activities of
daily living (ADL); more complex activities essential to an
adult's living in the community, known as instrumental ADL
(IADL); work; and recreation.
Epidemiological studies of functional limitations in the
elderly provide a group context into which a physical ther
apist can place an individual patient's level of function.s In
general, we know that the ability to function independently
declines with age and that this decline is influenced by a
host of biological, psychological, and social factors.36 There
are several major sources of epidemiological data on func
tion in the elderly.54 These include the Supplement on Ag
ing (SOA) to the 1984 National Health Interview Survey,14
the 1985 National Nursing Home Survey (NNHS),28 the
1987 National Medical Expenditure Survey (NMES),18 the
1982 and 1984 National Long Term Care Surveys
(NLTCSs),40 and the Establishment of Populations for the
Epidemiologic Study of the Elderly (EPESE) project begun
in 1982.6 Function is not a static phenomenon in the elderly.
It is important to note that each of these data sets yields
somewhat different rates on the incidence and prevalence of
functional limitations and disability in the elderly that indi
cate transitions in functional status are more the norm than
the exception. 7

Community-Dwelling Elders
The SOA data indicate that as few as 19% of the 26.4 million
noninstitutionalized persons older than 65 in 1984 had dif
ficulty walking (Fig. 7_1).26 Gender-specific rates of difficulty
in walking, however, were different. Just over 20% of women
older than 65 had difficulty walking, whereas only 15.5% of
their male counterparts did. Slightly more than 77% of those
surveyed in the SOA reported no difficulty in any of basic
ADL, which is not surprising in a noninstitutionalized pop
ulation. Difficulty in bathing and in getting outside were re
ported by 10% of these elders, whereas 6% experienced dif
ficulty in dressing. Almost one quarter of these elders had
trouble with a single home-management task, heavy home
chores (Fig. 7-2). Nearly 27% had difficulty with at least one
of six IADL: preparing meals, shopping, managing money,
using the telephone, doing heavy home chores, and per-
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FIG. 7-1 Percentage of the noninstitutionalized population 65
years of age or older who have difficulty with activities of daily liv
ing, by type of activity: United States, 1984. (Redrawn from Havlik
RJ, et al: Health statistics on older persons, United States, 1986. Vi
tal and Health Statistics, Series 3, No 25. Hyattsville, Md, Public
Health Service, DHHS No (PHS) 87-1409, 1987.)

forming light housework. Male elders reported less difficulty
in almost all these tasks than female elders did.
Data on elders who participated in a longitudinal follow
up to the SOA, known as the LSOA, suggest that there may
be a hierarchy of disability with a definite sequence: walking,
bathing, transferring, dressing, toileting, and feedingY If
this hierarchy is confirmed in subsequent studies, it supports
the importance of lower extremity functional limitations as
an early marker of disability in the elderlyY Despite the fact
that advancing age increases the risk of functionallimita
tions, there are still a substantial number of old-old who re
main physically independent. Harris and her colleagues ex
amined physical ability in 80-year-olds who participated in
LSOA.25 Using four items from Nagi's measure of work dis
ability, they found that 67% of all white persons aged 80 or
older had no difficulty lifting 10 pounds; 57% had no diffi
culty climbing up 10 steps; 49% had no difficulty walking a
quarter of a mile; and 47% had no difficulty with stooping,
crouching, or kneeling (Fig. 7-3). The order in which the ac
tivities became more difficult was the same for men as for
women. Women, however, reported more difficulty with
each of these tasks than men did. Differences between men
and women in the incidence of disability have been demon
strated in other studies as well. II
Given that any sample of elderly will most likely contain
a larger proportion of older and therefore more functionally
disabled women than men, a difference in the rates of func
tional deficits between men and women is not unexpected. 12
The differential rates of disability in IADL between men and
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FIG. 7-2 Percentage of the noninstitutionalized population 65 years of age or older who have difficulty
with instrumental activities of daily living, by type of activity: United States, 1984. (Redrawn from Havlik
RJ, et al: Health statistics on older persons, United States, 1986. Vital and Health Statistics, Series 3, No 25.
Hyattsville, Md, Public Health Service, DHHS No (PHS) 87-1409, 1987.)
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FIG. 7-3 Physical ability of noninstitutionalized white persons, age 80 or older. (Redrawn from Harris T,
et al: Longitudinal study of physical ability in the olders-old. Am J Public Health 1989; 79:698-702.)

women are also partially explained by a gender bias in the
items of many surveys. Among present-day elders, many
men do not perform housekeeping and other similar activi
ties. Therefore, men may not report having-auy difficulty at
all performing these tasks because they did not perform
them at the time of the interview. Neither have many male
elders generally ever performed these tasks, a reflection of
the arbitrary notion of what is "proper" for a man or a
woman in general society or a particular sociocultural envi
ronment. A similar finding was obtained in the EPESE study
of elders with low back pain. 35 Although elderly women with
low back pain reported modestly higher rates of disability in

basic ADL than men, the rate of limitation in doing house
hold chores for women was more than double the rate
for men.
Besides underscoring the gender bias of some items that
might be included in a functional assessment, differences in
functional status between men and women remind us that
function is also a sociological phenomenon. Functional as
sessment does not only measure the individual's abilities to
perform tasks that are personally meaningful to the individ
ual. Functional assessment also depends on social expecta
tions of what is "normal" functioning for an adult. In some
social groups, a man might never be expected to do house
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cleaning nor would anyone anticipate that a woman would
shovel snow, because performing these activities runs
counter to what a man or a woman "should" do. It is there
fore necessary that the overall approach to functional assess
ment of an elder include items that take into account what is
"normal" in that person's social and cultural sphere.
A judgment about whether an elder's functional level is
normal also draws heavily on cultural and ethnic attitudes. If
there is a certain expectation in the family that debilitation
in old age is a normal occurrence and that elders are entitled
to have even the simplest ADL done for them, then there is
little likelihood that the goal of independence in allADL will
be supported when the episode of care ends. Therefore,
physical therapists working with elders from specific groups
should have an understanding of different cultural and eth
nic expectations regarding independent function.

Institutionalized Elders
The substantial difference in functional limitations and dis
ability between elders still living in the community and those
who reside in a nursing home has been known for some time.
Inability to perform simple self-care activities typically places
an elder at risk for admission to a nursing home. Data from the
NNHS that compare nursing home residents with their nonin
stitutionalized peers dearly indicate the disparity in functional
levels between these two groups of elders. Whereas more than
90% of elders in nursing homes required assistance in bathing,
only 6% of community-dwelling elders needed help in this ac
tivity. Similarly, just more than 40% of nursing home residents
needed assistance to eat, whereas only 1.1% of their peers out
side the nursing home were similarly limited (Table 7-1).
Data on the differences in disability between community
dwelling and institutionalized elders provide direction for
physical therapists planning a functional assessment for an
TABLE 7-1

PERCENTAGE OF PERSONS 65 YEARS OF AGE
AND OVER, BY WHETHER NURSING HOME
RESIDENT OR NONINSTITUTIONALIZED AND
TYPE OF DEPENDENCY IN SELECTED ADL:
UNITED STATES, 1984 AND 1985

TYPE OF DEPENDENCY

Requires assistance in
Bathing
Dressing
Using toilet room

Transferring:j:
Eating

NURSING HOME

NONINSTlTUTlONALlZED

RESIDENTS,

POPULATION*'

1985(%)

1984(%)

91.2
77.7
63.3
62.7
40.4

6.0
4.3
2.2
2.8
1.1

'From Dawson D, Hendershot G, Fulton I: Aging in the eighties. Functional limitations
of individuals age 6S years and over. Advance Data From Vital and Health Statistics. No
133. DHHS Publication No (PHS) 87-1250. Hyattsville, Md. Public Health Service.
April 30, 1987.
'Percentage of the noninstitutionalized elderly dependent in activities of daily living is
a meaSUre of those who received help rather than those needing it
t1hnsferring refers to getting in or out of a bed or chair.

individual patient. The relationship between ADL and IADL
is generally hierarchical; that is, limitations in ADL usually
predict limitations in IADLYI For example, we know that
most elders living in the community are generally indepen
dent in all ADL and may experience limitations in a few
IADL. Thus, a home-care physical therapist working with a
patient recently returning home from an acute care hospital
after a hip fracture would first explore the individual's abil
ity to do the tasks and activities encompassed by basic ADL,
such as transfers, ambulation, and toileting. If deficits were
found, independence in these activities would serve as the
first goals of intervention. If the patient was independent in
basic ADL upon initial examination, or became independent
through the physical therapist's intervention, the therapist
would then examine the elder's limitations in performing
IADL, which supports a person's ability to live indepen
dently in the community.
Physical therapists should be wary, however, of assuming
too quickly that there is a need for institutionalization
merely on the broad epidemiological evidence supporting a
relationship between limitations in basic ADL and the abil
ity to remain living in the community. Epidemiological data
summarize various facts about a group, but a particular fact
need not apply to every member of that group. Furthermore,
despite the fact that most elders living in the community .
generally function at a higher level than their institutional
ized peers, many elders with functional limitations do man
age to remain outside of institutions with formal services or
through the efforts of families and friends. Physical thera
pists play an important role in identifying an elder's needs
for formal care-givers, such as homemakers and home health
aides, and in teaching families how to manage an elderly pa
tient's limitations well enough so that the individual may
continue to reside in the community.
At least two other factors also influence whether an elder
limited in the most basic ADL continues to live in the com
munity. First, there are not enough nursing home beds in
some areas to accommodate the need of the community for
such placements. Thus, an elder might benefit from admis
sion to a nursing home but will continue to live at home.
Second, even if nursing home beds are available, some elders
lack the appropriate insurance coverage or the financial
means to claim them. These individuals will therefore re
main in the community, sometimes under the most distress
ing circumstances. Therapists working in the community
should anticipate that elders who are disabled enough to re
quire human assistance around the clock will constitute at
least a small portion of their caseloads from time to time.
COMPONENTS OF PHYSICAL
FUNCTIONAL ASSESSMENT
Functional assessment data can be useful to physical thera
pists in several ways.34 On the individual level, a functional
assessment can be used as a quick screen to identify the need
for more extensive evaluation by a physical therapist or other
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practitioners. If an elder who has functional deficits becomes
a patient, these data determine the overall goals of physical
therapy treatment. Such goals serve as indicators of a pa
tient's progress and validate the success (or failure) of the
therapist's intervention. Finally, organizing and analyzing
functional data by types of patients or patients' problems
can provide valuable documentation of the needs of a group
for treatment, the benefits of a particular treatment ap
proach, or the success of an innovative program.
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proach to assessing work is to examine the ability to perform
10 particular physical tasks, first described by Nagi,45 that are
associated with work disability: (1) walking up 10 steps
without resting; (2) walking a quarter of a mile; (3) sitting
for 2 hours; (4) standing for 2 hours; (5) stooping, crouch
ing, or kneeling; (6) reaching up overhead; (7) reaching out
to shake hands; (8) grasping with fingers; (9) lifting or car
rying 10 pounds; and (10) lifting or carrying 25 pounds. Us
ing these data on "advanced" mobility, one can infer what an
elderly individual's capacity to work would be.

Mobility
A primary concern of physical therapists in performing a
physical functional assessment of an elderly individual is to
identify any functional limitations in mobility: ambulation
on level surfaces within the home, stair climbing, negotiat
ing uneven terrain, and walking for longer distances in the
community.

Basic Activities of Daily Living (ADL)
Basic ADL include allot the fundamental tasks and activities
necessary for survival, hygiene, and self-care within the
home. A typical ADL battery, which may be administered by
a physical therapist alone or cooperatively with other health
professionals, covers eating, bathing, grooming, dressing,
bed mobility, and transfers. Incontinence and the ability to
use a bathroom are especially important elements in the as
sessment of physical function in some older individuals. The
ability of an elder in three aspects of toileting may each re
quire exploration: to get to the bathroom in an appropriate
time period, to move safely on and off the receptacle, and to
perform self-hygiene tasks.

Instrumental Activities ofDaily Living (IADL)
An examination and evaluation of IADL addresses multiple
areas that are essential to living independently as an adult:
cooking, shopping, washing, housekeeping, and ability to
use public transportation or drive a car. For some individu
als, it may also be appropriate to investigate the ability to
perform home chores such as shoveling snow or yardwork.

Work
One measure of adult competence is employment. Previ
ously, it has been assumed that elders did not need to or
want to work. Changes in federal regulations during the
1980s raised the minimum age at which individuals may re
ceive full Social Security benefits and also removed a manda
tory retirement age for most occupations. 32 Therefore, elders
who want to, orneed to, remain in the work force may do so
if they are physically able to perform the tasks of their em
ployment. The ability to work may be investigated in two
ways. One approach is to consider the conditions of work it
self: whether an individual is working the anticipated num
ber of hours each week; whether the requirements of the job
have been modified in any respect to allow the individual to
work; and whether the quantity or quality of work done has
met the anticipated standard of performance. Another ap

Recreation
Recreational activities are no less important than work to
maintain a sense of well-being. Clearly, more older men and
women today are maintaining interests in recreational sports
that they developed earlier in life. Other elders are just dis
covering the pleasures of physical exertion. Functional as
sessment of recreational activities, however, is not limited
only to sports. Many elders enjoy dancing and gardening,
which require a relatively high degree of balance, flexibility,
and strength. Even sedentary activities, such as stamp col
lecting or playing chess, require a certain degree of physical
ability in the hand and upper extremity and therefore may
be functional measures of the outcomes of intervention for
some patients.

METHODOLOGICAL ISSUES
There are three methodological issues that are germane to
the discussion of functional status measurement: reliability,
validity, and clinical utility.2,4,18,19.42.4B It is sometimes erro
neously assumed that measurement issues are relevant only
if a clinician uses a formal instrument to measure function.
This is simply not the case. All physical therapist examina
tion involves tests and measures that provide data used by
the physical therapist to render an evaluation of the patient's
condition. The certainty of that professional judgment is a
function of the quality of the data. It is important to know
whether apparent improvement in a patient's level of func
tion is a real change in performance or merely a variation in
measurement due to the nature of the test or the skill of the
tester in administering the test. These are issues of reliability.
It is also important to know whether the therapist actually
gathered the information that was intended to be gathered
and what inferences about the patient's status or prognosis
are appropriate based on the data. These are the central
questions of the validity of a measurement.

Reliability
There are several forms of reliability, each of which is perti
nent to judging the value of the information derived from a
particular test. The first kind of reliability is termed internal
consistency and is a measure of the degree to which items on a
test purportedly measure the same thing and yield similar re
sults.4B Internal consistency is important in judging the value
of assessment instruments that use a battery of multiple
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items to cover a component of function such as basic ADL,
IADL, or mobility. Internal consistency is an indicator of how
well the items within a segment "hang together" aDd measure
the same kind of thing. If a battery contains too many ques
tions all measuring the same thing, it may be possible to drop
some items and examine a patient more efficiently.
Two other kinds of reliability indicate how much vari
ability in test scores is due to the tester. The first of these, in
tra-rater reliability, attests to the degree to which a measure
ment will change when the same tester administers the test
on two separate occasions when no real change has occurred
between administrations. This form of reliability is often
taken as an indicator of the stability of a test between ad
ministrations. Inter-rater reliability indicates the agreement
of test results when two or more testers measure the same
thing. Both of these forms of reliability are critical to clinical
practice, especially in geriatric physical therapy because
multiple care-givers may repeat measurements on the same
patient over a period of time and use these data to determine
a patient's improvement or deterioration.
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Validity
There are several kinds of validity that are pertinent to func
tional assessment. 48 The first is face validity, which requires
the judgment that the assessment appears on the face of it to
be a test of what is to be measured. For example, an IADL
test should measure activities such as cooking, grocery shop
ping, and housekeeping in some way. If the test consisted of
only sociodemographic data and goniometric measure
ments, we would conclude that this test lacked face validity
as a measure of IADL.
Content validation establishes the degree to which test
measures adequately sample a domain of activities. For ex
ample, a formal measure of recreational activity might only
mention two of the more strenuous sports--hiking and
kayaking, list only running and jogging under cardiovascu
lar training activities, aDd omit more sedentary pastimes al
together. Such an instrument would not have adequately
sampled the multitude of activities that constitute "recre
ation;' especially for older adults. Therefore, we would con
clude that this instrument lacked content validity.
Although construct validity often involves statistical ap
proaches that are far beyond the scope of this text, it is a crit
ical dimension of functional assessment. Construct valida
tion answers the question: Does a test yield measurements
that represent the underlying concept of what we WaDt to
measure? All the questions posed to a patient during an ini
tial examination and all the measurements taken during as
sessment do not fall into the same category. Some formal
functional assessment instruments were developed before
there was much concern about the psychometric properties
of physical therapy tests and measures. These instruments
tend to combine disease severity, impairment, and func
tionallimitations under a single category of "function:' Sev
eral even combine scores on various subsections of the test
to give an overall "functional" score. A single number ap
pears to be a useful and reliable summary of the patient's sta

tus, but it can be difficult to determine exactly what con
struct has been measured by this sort of score. Although
these scores may be reliable, their validity is a separate ques
tion. Physical therapists should use them thoughtfully be
cause they may often reflect more than a person's functional
status.
Sometimes the results of a test can be compared with a
"gold standard;' which is accepted as an unimpeachable
measure of whatever is being tested. This comparison
demonstrates that the test has concurrent validity. For ex
ample, the results obtained from a formal ADL instrument
that uses a patient's self-report might be shown to be similar
to the results obtained from having the patient actually per
form the activities listed in the instrument. We might then
compare the patient's self-report to that of another individ
ual who knows the patient well. We might also demonstrate
that elders who are judged as being independent by this self
report measure also have fewer impairments in ROM,
strength, and balance.
Physical therapists are also responsible to establish a
prognosis, or the likelihood of achieving anticipated goals
and expected outcomes, as part of the process of physical
therapist patient/client management. 20 Often, we base these
judgments on a combination of the patient's clinical presen
tation and our prior clinical experience. What we lack as of
ten is a clear understanding of the predictive validity of our
measurements, which allows us to know that a certain score
on a test at the initiation of treatment predicts the outcome
of intervention. Knowing the predictive validity of a baseline
functional assessment would greatly facilitate the formula
tion of achievable goals and increase the efficiency of dis
charge planning from the beginning of intervention.

Clinical Utility
The ultimate value of aDy clinical data is their usefulness to
the task at hand. Reliable aDd valid data are necessary but
not sufficient conditions for test results to have clinical util
ity. If a test or instrument has clinical utility, all necessary
data will be gathered completely and in the shortest time pe
riod. Too many questions and too maDY complicated steps
increase respondent burden. If an elder becomes annoyed,
fatigued, or distracted by the examination, then the therapist
may have hindered the development of professional rapport
with the patient, aD important factor in the success of any re
habilitation program.
Is it necessary to use a formal, structured instrument to
conduct a functional assessment? It is doubtful that a single
instrument will contain all the activities that would consti
tute a complete examination of aDy one person's function.
Therefore, a therapist may wish to combine a formal instru
ment with unstructured assessment and open-ended ques
tions as part of the overall examination. This will ensure that
there are similar baseline data with known reliability and va
lidity on all patients as well as data that capture information
unique to the individual. Given that some formal instru
ments may not be well-suited to particular clinical needs, it
is tempting to "mix and match" from several instruments.
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Extrapolating items from a variety of instruments may pro
vide the kind of data desired, but it may be at the expense of
reliability and validity. Further methodological problems
may arise when instruments are not administered in the for
mat for which they were developed and tested. Users may
prefer or need to gather data in some instances by using
trained interviewers. This requires that explicit instructions
for the interviewers have been developed to ensure compa
rability of results.

PARAMETERS OF MEASUREMENT

Independence
The concept of functional independence may be conceived in
several ways. These include dependence or the degree of assis
tance needed to perform a task, how much pain accompanies
the task, the amount of time it takes to perform the activity, or
whether an individual uses an assistive device or aid to per
form the task. The amount of difficulty an individual has
when attempting to perform functional activities is another
way to ciperationalize independence. The concept of difficulty
is composite of several criteria to assess how functional activ
ities are performed and summarizes the degree of effort ex
pended in performing the task. It involves elements of how
long the activity takes, how much discomfort the individual
experiences, and to what degree assistive devices are required.
In order to collect the appropriate information on an el
der's functional status, the therapist must consider the way
in which functional limitations are identified and the kind of
data needed. Merely using an assistive device and perform
ing an activity with difficulty are appropriate criterion levels
of disability for some clinical or research purposes, but each
parameter alone may not identify the same individuals as
limited. The difficulty of an activity may be diminished, in
fact, by using an adaptive device. 53 The need for human as
sistance may be a more meaningful criterion of dysfunction
when the data will be used to plan an elder's need for ser
vices or to make public policy decisions.
Therapists must also consider what constitutes a clinically
meaningful change in function. If an individual's behavior
may be graded only as "independent or dependent," then the
scoring system may not be sensitive to real changes that in
dicate a patient's progress. For example, progression from
being totally nonambulatory to requiring only moderate as
sistance to amhulate can represent substantial improvement
in function. However, if the patient can only be rated as "in
dependent/dependent;' then treatment might erroneously
be judged as ineffective. Careful consideration of the preci
sion of descriptors is essential to capture subtle yet notice
able improvements in a patient's condition.

Capacity vs. Habit
A second dimension of the examination and evaluation of
function involves the degree to which the therapist wishes to
determine the patient's capacity to function, or, in contrast,
the patient's habitual function. Clinic<iI care may be likened
in some respects to a scientific inquiry of behavior. In some
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instances, data about the behavior under controlled condi
tions is more useful than data obtained from a natural, un
controlled environment in revealing the capacity of a person
to achieve a certain level of performance and to identify the
threshold for failure in performance. Data of this sort indi
cate how a person will function at full potential. On the
other hand, data that account for task performance in terms
of one's daily habits tell us a great deal about what someone
is likely to do, even though it may fall short of the individ
ual's full potential to function. Thus, depending on how the
functional assessment is implemented, there may be some
disparity between what elders demonstrate or perceive as
their capabilities and what they will habitually perform at
home. It may also be very frustrating for the clinician when
an individual demonstrates awareness of the full potential
for function but does not habitually engage in that level of
performance. Therefore, therapists must recognize that even
if an elder has the capacity to perform the activity but will
not do it, treatment to achieve a higher level of function may
be inappropriate because it will not be one of the goals of in
tervention accepted by the patient.

MODES OF ASSESSMENT

Direct Observation
There are three primary methods to measuring functional
status. Data on an individual's level of physical function may
be collected by observing, by asking the subject to perform a
function under a specific set of conditions, or gathered from
a self-report or interviewer-administered questionnaire.
Therapists are most familiar with direct observation of the
activity. The major advantage of this approach is that the
professional judgment of functional status is based on clear
cut objective evidence of the ability to perform the task. 24
Physical performance measures are also not limited hy lan
guage barriers.21 If the therapist and the patient do not speak
the same language, the therapist may act out the activity and
signal that the patient should do the same. Observations of
performance have some disadvantages. This method as
sumes that the controlled environment of a structured situ
ation in the clinic is reasonably similar to the environment
in which a person functions. An individual may not be able
to transfer out of a chair in the clinic but may be totally in
dependent in transferring using any chair in that person's
home. Physical performance measures are also time
consuming for the therapist and therefore costly.
There are a number of tests that are sometimes also re
ferred to as performance measures, including the 6-minute
. walk test,> the Physical Performance and Mobility Examina
tion,55 the Functional Reach Test/· 1o the Get Up and Go
test,41 the Timed "Up and Go" test,47 and the Physical Perfor
mance Battery}3 Typically, these instruments record quanti
tative data and may also generate a single score. In some in
stances, these instruments have been shown to correlate
closely the success or failure of an individual in performing
goal-directed functional activities or tasks or some key indi
cators such as falls, hospitalizations, or need for services.
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Although these tests use the same method of direct ob
servation as may be used to document abilities in ADL or
IADL, they most typically measure performance limitations
at the levels of impairment and functional limitations. On
review, the broad object of measurement in these tests is the
quantification of the complex integration of systems that
permits an individual to maintain a posture, transition to
other postures, or sustain safe and efficient movement. Fur
thermore, the data from such tests characterize a person's
performance limitations under controlled conditions. It is
critical to appreciate that even though each of these perfor
mance tests can contribute to an overall understanding of a
person's functional limitations because they help to identify
the movement dysfunction that may underlie physical dis
ability, they do not assess disability in any particular ADL or
IADL, even when a test contains elements that mimic every
day life. They generally do not capture function as it actually
occurs in a natural environment. Furthermore, they do not
always account for factors that may positively or negatively
modify a person's function, given that the functional task or
activity must be accomplished in the "real" world of the pa
tient, which is also influenced by cognition, motivation, so
cial support, and physical environment.
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Self-Report
While direct observation may have stood as the gold stan
dard for some time, self-report approaches have become
well-accepted in research and have been increasingly inte
grated into clinical practice. Self-report is now considered
the most feasible and cost-effective means of gathering stan
dardized functional status data on large numbers of individ
uals. 42 Self-assessment is a valid method of assessing func
tion and may be preferable to performance-based methods
in some circumstances.34.44.52 One further consideration in
using a self-report mode of assessment is whether to use a
trained interviewer to administer the instrument or to allow
the respondent to read and answer a questionnaire. There
appears to be little difference in the quality of the data ob
tained by self-report or a face-to-face interviewerY How
ever, it may be the case that visual loss or shorter attention
spans recommend the use of trained interviewers for some
elders.
Some self-report instruments phrase questions as "Could
you ... ?" whereas another may query the same activity by
asking "Do you ... ?" As previously explained, these are not
equivalent forms of the same question and do not yield the
same information. The first way of phrasing a question taps
into an elder's beliefs about personal abilities, which may be
based only partially on empirical evidence. The second ap
proach establishes whether the individual does the activity.
Thus, an elder might respond to a question about stair
climbing in the following way: "I could climb the stairs to the
second floor of my home (if I had to), but I do not climb the
stairs (because it hurts my knee and I don't want to ):'
The time frames of particular items vary from question
naire to questionnaire. The period of inquiry may be for the

same day, the past week, or even the past month. Therapists
must decide in advance what is the appropriate time period
in which to sample behavior, given the fluctuating nature of
many geriatric problems.
SELECTED INSTRUMENTS FOR
GERIATRIC FUNCTIONAL ASSESSMENT
A considerable number of functional assessment instru
ments with particular relevance to geriatric physical therapy
have been presented in the literature. Comprehensive
reviews of these instruments have been published else
where. l , 18,19,42 A few of these instruments are reviewed in the
following text. They were selected on the basis of being rep
resentative of the current state of the art in geriatric func
tional assessment as well as for their predominance in geri
atric clinical practice and research.

Katz Index ofActivities ofDaily Living
Katz's index is the prototypic instrument for measuring ba
sic ADL in geriatric patients.3Q•31 The index covers activities
in six categories: bathing, dressing, toileting, transfers, conti
nence, and feeding. Unfortunately, this instrument does not
address ambulation and other components of mobility,
which are particularly pertinent to physical therapy. Al
though designed for use among institutionalized elders, the
theoretical foundation of the Katz index is actually taken
from a developmental model of children. According to this
model, feeding is designated as the "lowest" and most easily
acquired function, whereas bathing represents the develop
mentally "highest" level of function. Each item on the Katz is
rated according to the degree of assistance needed to do the
task. Responses in each category of activity are then di
chotomized as independent or dependent, according to pre
determined criteria. The pattern of responses is then con
verted to a cumulative letter grade from A through G, which
denotes a particular pattern of dependency in the hierarchy
of function. For example, an "X' means independent in all six
functional categories; a "c" indicates independent in
bathing, dressing, and one other function; and a "G" denotes
dependence in all activities. The psychometric properties of
the Katz are sufficient to justify its widespread use in both
clinical care and research.

Functional Independence Measure
The Functional Independence Measure (FIM) is an IS-item
measure of physical, psychological, and social function that
is part of the Uniform Data System for Medical Rehabilita
tion. 16•17 The FIM uses the level of assistance an individual
needs to grade functional status from total independence to
total assistance. A person may be regarded as independent if
a device is used, but this is recorded separately from "com
plete" independence. The instrument lists six self-care activ
ities: feeding, grooming, bathing, upper body dressing, lower
body dressing, and toileting. Bowel and bladder control, as
pects of which some may consider as impairments rather
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than function, are categorized separately. Mobility is tested
only through three items on transfers. Under the category of
locomotion, walking and using a wheelchair are listed equiv
alently, whereas stairs are considered separately. The FIM
also includes two items on communication and three on so
cial cognition.
The FIM measures what the individual does, not what
that person could do under certain circumstances. The inter
rater reliability of the FIM has been established at an accept
able level of psychometric performance. The face and con
tent validity of the FlM as well as its ability to capture change
in a patient's level of function have also been determined. A
trained clinician must administer the FIM because the re
sponse for each item requires a professional judgment.

OARS Multidimensional Functional Assessment
Questionnaire
The Older American Resources and Services (OARS) was
one of the first formal approaches developed explicitly to as
sess the function of elders in multiple domains. 13,ls The
OARS, which was developed and tested at the Duke Center
for the Study of Aging and Human Development, is com
posed of an instrument to assess functional activities (the
Multidimensional Functional Assessment Questionnaire
[MFAQJ) and a questionnaire to identify the resources that
an elder uses. The MFAQ is designed to be administered by
a trained interviewer. To ensure the reliability and validity of
the responses given to the interviewer, the MFAQ begins
with an assessment of the elder's cognitive function. The
Services Assessment Questionnaire (SAQ) records both an
elder's use of services and the perceived need for services. A
total of 24 generic services are covered, e.g., nursing and
homemaker services, legal and protective aid, and recreation.
The items on the MFAQ cover basic and instrumental
ADL, social interaction and resources, economic resources,
physical health, and mental health. After reviewing the re
sponses, the interviewer rates the elder in each of the five di
mensions using a six-point scale. The scale's end points are
"excellent functioning" and "total or complete impaired
function:' The MFAQ's reliability and validity have been es
tablished and meet acceptable levels of psychometric perfor
mance. It has also been shown that the MFAQ is sensitive
enough to detect gross changes over time and can discrimi
nate among elders who live independently in the commu
nity, require adult day care, or are institutionalized.

Philadelphia Geriatric Center Multilevel
Assessment Instrument
The Multilevel Assessment Instrument (MAl) is based on
Lawton's conceptual model of adult behavior, which is hier
archically organized by the complexity of the behavior.37
There are five behavioral domains represented in the MAl:
physical health, cognition, self-care, and instrumental ADL;
time use (employment, hobbies, recreation); social interac
tion; personal adjustment (morale, psychiatric symptoms);
and perceived environment (housing, neighborhood, per
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sonal security). The items on ADL investigate the perceived
ability of an individual-Le., "Can you ... ?"-rather than
actual performance of the task-Le., "Do you ... ?" Limita
tions are graded by the degree of human assistance required
rather than the quality of the performance. As discussed
elsewhere in this text, the psychological dimension of health
status is composed of mental and affective function. The
MAl is an excellent example of an instrument that differen
tiates cognition, morale, and psychiatric symptoms.
The MAl is available in full, midlength, and short forms.
The MAl in all its forms had extensive testing of its reliabil
ity and validity. In general, the MAl has demonstrated ac
ceptable psychometric characteristics, particularly in its long
form. The instrument was designed to be administered by an
interviewer and can be completed in less than 1 hour.

Minimum Data Sheet for Nursing Home Resident
Assessment and Care Screening
The Omnibus Budget Reconciliation Act of 1987 COBRA
'87) mandated a number of changes in nursing home regu
lations, which were meant to guarantee quality of care for
nursing home residents. One mechanism to monitor care to
all Medicare or Medicaid nursing homes, developed subse
quent to the enactment of OBRA '87, was the Resident As
sessment Instrument (RAI), which was revised in 1995 (ver
sion 2.0).39 The RAI has three parts: the Minimum Data Set
(MDS), Resident Assessment Protocols (RAPs), and Utiliza
tion Guidelines. The MDS is used to assess the patterns of a
patient's function in multiple dimensions: cognitive, com
munication/hearing, vision, physical functioning and struc
tural problems, continence in the last 14 days, psychosocial
well-being, mood and behavior, and activity pursuit. The
MDS is also used to collect basic demographic data, disease
diagnoses, health conditions, oraUnutritional status,
oral/dental status, skin condition, medication use, and spe
cial treatment and procedures-an area that specifically lists
physical therapy.
After the initial admission of the patient to a facility, the
MDS must be completed by the 14th calendar day of resi
dency including weekends. After this initial administration,
the resident must be reassessed using the full MDS annually.
A subset of MDS items must also be assessed on each resi
dent every 3 months. If there is a significant change that ap
pears to be permanent, a resident should be assessed using
the MDS within 14 days after the change has occurred, in ad
dition to any quarterly or yearly reassessments. The law re
quires that each assessment be conducted or coordinated by
a registered nurse, who may choose to assign parts of the as
sessment to other health professionals, including physical
therapists.
Physical therapists are part of an MDS assessment team
and are most typically involved with the MDS section on
physical functioning and structural problems. This section
considers nine different areas: ADL (bed mobility, transfers,
walking and locomotion, dressing, eating, toilet use, per
sonal hygiene); bathing; balance; range of motion; modes of
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locomotion; modes of transfer; the need to have tasks bro
ken down into component parts; rehabilitation potential;
and change in ADL in the last 90 days. The first three of these
items are coded according to the degree of human assistance
a resident needed to perform the task and the type of sup
port provided by staff, if assistance was required. The time
frame for assessment on each ADL, balance, range of mo
tion, modes of locomotion, and modes of transfer is the 7
days before the assessment.
After the MDS is completed, the data are reviewed to de
termine whether the patient has any of the 18 common
problems identified by the RAPs. The RAPs address the fol
lowing clinical problems: delirium, cognitive loss/dementia,
visual function, communication, ADL function/rehabilita
tion potential, urinary incontinence and indwelling catheter,
psychosocial well-being, mood state, behavior problem, ac
tivities, falls, nutritional status, feeding tubes, dehydration/
fluid maintenance, dental care, pressure ulcers, psychotropic
drug use, and physical restraints. The RAP review will deter
mine the plan of care for each patient.
The MDS was developed with extensive field testing to
ensure its clinical utility. Available data on its inter-rater re
liability suggest that the instrument meets minimum criteria
in this regard. 27 Further clinical use and research will be nec
essary to determine whether its developers succeeded in pro
ducing a clinically relevant and psychometrically sound in
strument. A derivative instrument for use across the
inpatient spectrum of postacute care (PAC), the MDS-PAC,
has been under development and will likely supplant the
MDS 2.0 after its completion.

The Outcome and Assessment Information Set
The Outcome and Assessment Information Set (OASIS) was
designed as a data collection tool to gather information on
the adult patient in the home care setting and allow home
health agencies to assess the quality of care by measuring
pertinent outcomes of care. 33,46,50 During its development,
use of the OASIS by home health agencies was voluntary.
However, beginning on Jan. 1, 1999, home health agencies
were mandated to use the OASIS as a Condition of Partici
pation in the Medicare program by the Health Care financ
ing Administration. Developed over a lO-year period, the
current version of OASIS, known as OASIS-B, contains 79
core items covering sociodemographic characteristics, envi
ronmental factors, social support, health status, and func
tional status. Future revisions of OASIS, which will be on
going, will be labeled OASIS-C, OASIS-D, and so on.
Created as part of a research program to develop outcomes
measures applicable to home health, it is critical to appreci
ate that OASIS was not designed to be a comprehensive as
sessment of a patient, nor should it be used as an "add-on"
assessment. Unlike any other instrument discussed here,
items from the OASIS are meant to be integrated into an
agency's existing clinical assessments to highlight various
aspects of a patient's status that identify particular needs for
care at various stages: upon admission into the home health

service, whenever the patient's condition requires a com
prehensive assessment, at follow-up at least every 57 to 62
days and at discharge.
The OASIS was intended to be a "discipline-neutral" in
strument, administered by any health professional including
physical therapists. Ease of administration increases with fa
miliarity with the instrument. Unlike most other instru
ments, the response sets that are attached to each item are
specifically matched to the item. Some response sets have
only two descriptors to choose between, whereas other items
list as many as nine different descriptions of behavior to se
lect. Therefore, the user must be familiar with the possible
response set to each item and anticipate that comfort level in
using this instrument will increase over a gradual learning
curve. The ADL/IADL section is comprised of 14 different
items including grooming, dressing the upper body, dressing
the lower body, bathing, toileting, transfers, ambulation/lo
comotion, feeding, meal preparation, transportation, laun
dry, housekeeping, shopping, and the ability to use the tele
phone. The format of the instrument in this section allows
recording of both prior and current functional status on
each of the items. The OASIS was field-tested through
demonstration projects and refined by a panel of experts.
Reliability testing is ongoing.

SUMMARY
The purpose of geriatric physical therapy intervention is to
improve or maintain the functional status of the individual.
Previous studies of the functional status of elders have indi
cated that age alone is a risk factor for functional decline.
When normal aging is coupled with the effects of disease, an
elder may experience a severe deterioration in quality of life.
A functional assessment is therefore an essential component
of the physical therapist's examination and evaluation. Re
gardless of whether the functional assessment is conducted
with a formal structured instrument, an unstructured inter
view, or direct observation of perfQrmance, the results must
be reliable, valid, and clinically useful.
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Most individuals experience gradual sensory loss with
age. Such changes are normal and irreversible and may not
be uniform within the same individual. For example, visual
loss may occur primarily in one eye, or an individual may
have poor vision but excellent hearing. Moreover, loss of the
different senses may be experienced at different ages. Hear
ing loss generally accelerates after age 40, vision and smell af
ter 50, and taste after 55.88 The important point is that the
sensory declines experienced with aging are highly individu
alized, with some elderly people experiencing relatively mi
nor declines and maintaining optimal functional ability and
other individuals experiencing significant declines with re
sultant increased functional dependency. Typically, the de
clines occur gradually and may be unnoticed until elderly in
dividuals are no longer capable of independent functioning
within the environment.
Throughout life, individuals rely on sensory cues to per
ceive and interpret information from their surroundings. As
sensory declines occur with aging, older persons may misin
terpret cues from the environment or may experience sen
sory deprivation. The consequences may be loss of indepen
dence by older individuals. Therefore, individuals may need
higher thresholds of stimulation to continue to function in
the environment. As individuals experience loss in func
tional ability, they may also become increasingly reliant on
sensory cues from the environment. An interdependence de
velops between the senses and the environment: one relies
on one's senses to perceive and derive pleasure from the en
vironment, and one relies on the environment to promote
and support functional ability as age-related sensory de
clines are experienced.
As physical therapists interact with the elderly, it is criti
cal to recognize the importance of the balance between sen
sory perception and ability to function effectively in the en-

"u£
F
...
....
..,.
.:.:3

.....
:lIe

INTRODUCTION
The ability to function in the everyday environment is es
sential to older individuals. Maintaining independence,
however, may be compromised by sensory changes that in
dividuals experience over their life span. Changes in vision,
hearing, taste, smell, and touch may deprive older persons
of necessary sensory cues to perceive the environment and
may influence both their behavior and the behavior of oth
ers toward them. The ability of physical therapists to recog
nize the relationship between sensory changes and en
vironmental interaction, to recommend adaptations to
accommodate those changes, and to teach intervention
strategies will promote continued independent functioning
of older individuals.
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TABLE 8-1

EXAMPLES OF ACCOMMODATIONS TO ENHANCE FUNCTIONING FOR OLDER
INDIVIDUALS EXPERIENCING SENSORY Loss
SENSORY CHANGE

Vision
Visual field
Acuity
Illumination
Glare
Dark adaptation
Color
Contrast
Depth perception
Hearing

Taste and Smell
Taste
Smell
Touch
Tactile sensitivity
Thermal sensitivity

EXAMPLES OF ACCOMMODATIONS

Lower height for directional and informational signs
.
Visual aids (glasses, contact lenses); magnifiers; large-print books and devices; large-print computer software
UV-absorbing lenses; increased task illumination; gooseneck lamps; 200-300 watt light bulbs
Lamp shades, curtains, or blinds to soften light; cove lighting to conceal light source; non-glare wax on vinyl floors;
carpeting; wallpaper or flat paints; avoid shiny materials such as glass or plastic furniture and metal fixtures
Night-lights with red bulbs; pocket flashlights, automatic light timers, light switches at point of entry to a room
Bright, warm colors (reds, oranges, yellows); avoid pastel hues; avoid monotones
Bright detail on dark backgrounds (white letteringlblack background); warm colors to highlight handrails, steps;
placemats or table coverings that contrast with plates, floor
Avoid patterned floor surfaces
Hearing aids; pocket amplifiers; increasing bass and turning down treble on radios, televisions; smoke alarms,
telephones, and doorbells with visual cues such as flashing lights; insulating acoustic materials to minimize
background noise
Color to increase perceived flavor intensity; use of spices, herbs, and flavorings to enhance foods; feel for bulges in
canned goods to detect spoilage; date stored and frozen foods
Adapt smoke detectors with loud buzzers; safety-spring caps for gas jets on stoves; vent kitchens in institutions to
allow residents to experience cooking aromas, and place flowers in living areas
Introduce texture into the environment through wall hangings, carpet, textured upholstery; use soft blankets and
textured clothing
Avoid temperature extremes from air conditioning, hot bathwater, heating pads

vironment. Therapists need to evaluate elderly individuals
for sensory changes and to recommend appropriate inter
ventions and modifications to enhance optimal functional
performance in an environment without creating depen
dence (Table 8-1).
SENSORY CHANGES: RELATIONSHIP TO
FUNCTIONAL ABILITY WITHIN THE
ENVIRONMENT

Vision
Vision is important in identifying environmental cues
and distinguishing environmental hazards. As people
age, changes in vision and visual perception may lead to
misinterpretation of visual cues and result in functional
dependence.
Physiologically, this decline in vision can result from age
related changes in the structures of the eye and in external
ocular structures. Neuronal changes, perceptual changes,
and pathological conditions also contribute to vision and vi
sual perceptual changes in the elderly. The ability to function
in the environment, in spite of changes in vision and visual
perception, is dependent on the ability to adapt to visual im
pairment, including decreasing visual efficiency and low vi
sion. Older individuals must adapt to problems such as de
creased visual field, changes in visual acuity, increased needs
for illumination balanced by needs to reduce glare, delayed

dark-light adaptation, increased needs for contrast, de
creased power of accommodation, and changes in color vi
sion and depth perception.
Visual Field
A decrease in both peripheral and upper visual fields accel
erates with aging. Decreased pupil size, resulting in admit
tance of less light to the peripheral retina, may be responsi
ble for early changes. Later changes may result from
decreased retinal metabolism. Mechanical causes are due to
relaxation of the upper eyelid and loss of retrobulbar fat,
which results in the eyes sinking more deeply into the orbits.
As a result, upper gaze can be compromised by as much as
20 degrees in a 70_year_old. 51 •70,87,aa
Within the environment, this decrease in upper visual
field may cause older individuals to miss cues above head
level. Common examples of cues found above head level
may include traffic and street signs, direction or information
signs in public buildings (Fig. 8-1), hanging light fixtures,
and environmental hazards such as hanging tree limbs. 88
Lateral field, or peripheral vision, deficits-described as
the inability to detect motion, form, or color on either side
of the head while looking straight ahead-are particularly
significant for elderly persons. For safety in the environ
ment, older persons must be able to detect people or objects
in the lateral field, and elderly drivers must possess adequate
lateral awareness. 22
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FIG. 8-1 Placement of signs is an important consideration for
older individuals. The wall sign is placed at eye level to accommo
date changes in visual field. The door sign is a better size and has
better contrast, but it is too high for an older individual to see
dearly. (From Melore GG: Visual function changes in the geriatric
patient and environmental modifications, in Melore GG (ed):
Treating Vision Problems in the Older Adult. St Louis, Mosby, 1997.
Used with permission.)

Visual Acuity
Visual acuity, the capacity of the eye to discriminate fine de
tails of objects in the visual field, generally declines with age,
although this decline is not universal or inevitable. The
20120 standard for "normal" vision occurs around age 18
and remains unchanged until age 50. Slight diminution of
visual acuity occurs between the ages of 50 and 70 and at a
greater rate after age 70. Factors responsible for decreased vi
sual acuity include increased thickness of the lens, which af
fects the amount of light allowed to reach the retina, and the
loss of elasticity of the lens. These changes result in de
creased ability to see clearly and particularly affect near ob
jects. Additionally, changes in the iris and pupil may decrease
acuity. As one ages, the iris loses its ability to change width,
and pupil size remains small in both dim and bright light.
One specific consequence is decreased night vision. It is
likely that optical factors alone are insufficient to account for
acuity loss and that age-related changes in the retina and
brain are also contributing factors. These include a loss of
photoreceptors, bipolar cells, or ganglion cells within the
retina and anatomical or functional changes in the geniculo
striate pathway.22.23,51.68.87.88
Visual aids can be beneficial in improving visual acuity
for the elderly. Glasses and contact lenses can enhance vision

FIG.8-2 Large-print Reader's Digest. The IS-point type provides
2.0 x relative size magnification compared with the 9-point type of
a standard edition. (From Williams DR: Functional adaptive de
vices, in Cole RG, Rosenthal BP (eds): Remediation and Manage
ment ofLow Vision. St Louis, Mosby, 1996. Used with permission.)

when worn properly, especially in the early stages of vision
loss. Hand-held magnifiers are adequate for use over short
periods, e.g., when reading a telephone book. Table stand
magnifiers are beneficial when a person is reading books or
newspapers because they cause less eye fatigue by maintain
ing a constant distance between the object being magnified
and the magnifier. Illuminated magnifiers that hang from
the neck are useful when a person is sewing or performing
craft work. Other low-vision aids can be obtained at low-vi
sion clinics.49•73
In addition to visual aids, certain modifications to envi
ronmental stimuli can enhance visual functioning for older
persons. Use of large print is suggested for signs and labels, in
cluding medication schedules, telephone lists, and home pro
grams. Large-print books (Fig. 8-2) and newspapers are also
available. as are other large-print devices such as measuring
tapes and rulers, measuring cups and spoons, cookbooks,
wristwatches, phone dialers, and games. Local agencies for the
blind are helpful in identifying such resources. 3,9,47,62,73,81.88
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Large-print typewriters are available that provide an ef
fective means of personal communication for visually im
paired older adults. The technology is less intimidating than
computers for some older individuals, and they are more
cost-effective. The National Braille Association has recom
mended three single space lines per vertical inch as the max
imum acceptable pitch for large-print typewriters. To be
considered "large print;' lowercase letters should measure at
least %inch to approximate IS-point type. 81
Computer adaptations are available for older individuals
who are visually impaired. Hardware programs are available
that magnify images on a computer screen. These programs
require installation of a specific type of computer board. Full
page monitors are another computer adaptation available for
the visually impaired individual. Additionally, IBM-and
Macintosh-compatible onscreen software programs are avail
able, but these may have specific hardware requirements;
compatibility with the computer system to be used should be
determined before purchase. An advantage of using large
print software is that the font of the print can be selected to
fit the needs of the viewer. It is recommended that "silent
software" be used when dealing with large-print computer
access software. Once loaded into the computer, this type of
software will enlarge any program the viewer is using without
interfering with that program. The exception is that some
graphic-oriented programs may not be compatible with
some computer enlargement programs. One barrier to the
use of software programs is that enhancements are developed
so rapidly that the application software may be obsolete
within 2 to 3 months after it is purchased (Fig. 8-3). For vi
sually impaired individuals whose needed magnification lim
its the number of characters on the screen to six or fewer,
voice or braille computer displays may be indicated. 25,48,81
Illumination
Within the environment, declining visual acuity necessitates
a stronger stimulus or light source. This was originally
thought to be primarily related to senile miosis (an age
related decrease in pupillary size), changes in the refractory
media, and a reduction in retinal cones and rods. More recent
studies, conducted under varying light conditions, argue that
the effects of aging are neural rather than optical in origin.
These studies further suggest that it is the neural changes that
have the greatest effects on vision under low illumination.
Studies speculate that a link exists between the light his
tory of an individual and aging, although direct evidence is
not firmly established. It is hypothesized that aging of the vi
sual system represents accumulated deteriorative changes
that exceed the capacity of cells to renew their parts. Expo
sure to ultraviolet radiation (UVR) and short-wave light ap
pears to accelerate this deterioration. As a result of this spec
ulation, it is suggested that increasing light levels to meet the
demands of the aging visual system be done at wavelengths
that prevent or minimize further photoreceptor aging. It is
further suggested that additional protection be obtained by
using UV-absorbing chromophores in prescription lenses,
contact lenses, intraocular lens implants, and sunglasses. 23.8o
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FIG. 8-3 Computer with software for producing enlarged text.
(From Berger TW, Fine SL, Maguire MG: Age-Related Macular De
generation. St Louis, Mosby, 1999. Used with permission.)

As a result of these optical and neural changes, it has been
estimated that older individuals require as much as two to
three times more light than their younger counterparts.
Wall-mounted light fixtures and peripheral lighting from
floor lamps are superior to a central ceiling source because
they do not foster formation of shadows on critical corner
and furniture areas. Background lighting should not be as
bright as that in the area on which attention is directed.
Lighting that focuses directly on the task, rather than over
head lighting, is recommended to meet the needs of older
individuals for reading, task performance, and other close
work. Using 200- or 300-watt light bulbs in reading lamps
instead of the more typicallOO-watt bulb is one of the sim
plest ways to provide adequate task illumination. Another
way to modify the necessary amount of illumination inde
pendent of light bulb wattage is to simply move the light
source closer to the task material, since the effective amount
of illumination is inversely proportional to the distance of
the light source to the surface. Gooseneck lamps (Fig. 8-4) or
small, high-intensity lamps with three-way switches are also
helpful in achieving the proper ratio of background-to-task
lighting.5,9,22,23,31,51.56,68,73,78,80,88
Glare
When illumination is increased, care must be exercised to
avoid excessive and intensive illumination, which can create
a hazard for older persons in the form of glare. Glare results
from diffuse light scattering on the retina as it passes
through mildly opaque refractive media, inhibiting clear vi
sion. A primary cause of glare sensitivity is the increasing
opacity of the lens, which diffuses the incoming light. De
generative changes that take place in the cornea also con
tribute to glare.5.86.88
Direct glare occurs when light reaches the eye directly
from its source. An example of direct glare is uncontrolled
natural light that enters a darkened room through a window.
Another example of direct glare is excessive light from ex
posed light bulbs. Indirect glare can be the result of light re
flecting off another surface. Examples include light reflecting
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Care should be taken to. control the SQurces of glare in
public areas. FQr example, mall directories and bus signs
should be covered with nQnglare materials rather than
highly reflective plastics. Grocery stores and drugstores
should refrain from displaying products wrapped in plastic.
Name tags, street signs, and publicity for older individuals
should be prepared on dull surfaces to minimize glare.
Outdoor areas are also vulnerable to glare, especially with
bright sunlight or with wet, shiny surfaces on rainy or snowy
days. Sunscreens and adequate shade from trees are recom
mended to limit glare from direct sunlight. If it is nQt possi
ble to provide adequate control for glare, older individuals
should be encouraged to use sunglasses, visors, brimmed
hats, or umbrellas. Glare that occurs at dusk as poorly illu
minated objects are contrasted against a bright, post-sunset
sky can be particularly troublesome for older individuals.
Night glare that occurs from oncoming headlights can also
be hazardous. Use of well-lit routes and divided highways
can minimize this hazard for older individuals. 9 ,29.51.57.58.73,88
~
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FIG. 8-4 Use of a gooseneck lamp to increase effective task light
ing without increasing light bulb wattage. (From Melore GG: Visual
function changes in the geriatric patient and environmental modi
fications, in Melore GG (ed): Treating Vision Problems in the Older
Adult. 5t Louis, Mosby, 1997. Used with permission.)

off highly polished surfaces including waxed flQQrs; plastic
covered furniture; PQlished silverware; Qr stainless steel as
sistive devices, including grab bars and walkers. 5,9,49,88
Glare can be lessened by modifying light sources, Diffuse,
soft lighting is preferable to single-light sources. Lamp
shades shQuld be used to. sQften the light. Glare frQm win
dows can be minimized by use of sheer curtains, venetian
blinds, tinted-glass windows, or drapes. Wall-mounted
valance or cove lighting that conceals the light source is also.
recommended. Fluorescent fixtures can be used to reduce
glare, but they must be checked to. ensure that they do. not
create anQther hazard for elderly individuals in the form of
flickering. AlSo., "white" fluQrescent lights are recommended
because they make it possible to chQose a "cQQl" light to.
eliminate the harshness and minimize accentuatiQn Qf the
blues, greens, and yellows created by typical fluQrescent
lightS. 31•78 ,81
Another method Qf controlling glare is reducing the
number of reflective surfaces. PQsitioning light SQurces to
avoid reflection frQm shiny surfaces, such as waxed floors, is
helpful. Use Qf carpeting, wallpaper, flat paints, and paneling
is preferable to. use Qf high-glQSS paints. Glass, plastic, and
glQssy furniture shQuld be aVQided Qr covered with textured
surfaces to. minimize the effects Qf glare. Gleaming metal fix
tures can be replaced with WQQd Qr plastic fixtures. Assistive
devices, including grab bars and walkers, shQuld nQt be CQn
structed Qf shiny materials.

Dark adaptation, or the ability of the eye to become more vi
sually sensitive after remaining in darkness for a period of
time, is delayed in older persons. One reason for this visual
change is the smaller, miotic pupil, which limits the amount
of light reaching the periphery of the retina. It is this area of
the retina that contains the rods, which are sensitive to low
light intensities. Another reason for delayed dark adaptation
in the elderly is the metabolic changes in the retina. The oxy
gen supply to the rod-dense area of the retina diminishes as
a result of vascular changes, which, in turn, affect the effi
ciency of the rods to respond to low levels of illumination.
As a result of these changes, older perSQns have difficulty
adapting to darkness and to abrupt and extreme changes in
light. 51 •87 ,s8
Use of a night-light is recommended to assist in over
coming the decreased ability for the eyes to adapt to the
dark. A red bulb is suggested since. it reduces the time re
quired for adaptatiQn to the dark and permits older individ
uals to see well enough to function. It is also recommended
that older individuals carry a pocket flashlight to aid in tran
sition to dimly lit environments. Improving lighting at the
point of entry to an area, through pull cords or light switches
near the entrance to a room, is also recommended. Auto
matic timers or keeping a light on at all times in dimly lit ar
eas can prevent older individuals from having to enter a
darkened room. 38,45,49,51
Accommodation

Accommodation, the ability of the eye to focus images on
the retina independent of Qbject distances, is impaired with
aging. Functionally, this results in the inability to focus
clearly over a range of distances. The decrease in this ability,
referred to. as presbyopia, occurs gradually and affects near
vision first.
Loss of accommodation is the result of several factors.
Both the cornea and lens lose transparency with aging. In
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FIG. 8-5 Black telephone with white lettering on the dial to enhance visual contrast. Large-button phone
numbers also enhance visual acuity. (From Williams DR: Functional adaptive devices, in Cole RG, Rosen
thal BP (eds): Remediation and Management ofLow Vision. St Louis, Mosby, 1996. Used with permission.)

addition, the lens thickens, flattens, and yellows and be
comes rigid. The ciliary muscle weakens and relaxes. As a re
sult, the lens gradually loses its ability to change shape and
focus at varying distances. Difficulty is encountered by older
individuals when they attempt to read small print or detail,
unless the material is held at a distance. Reading glasses are
initially indicated. Later, bifocals are needed to compensate
for the inability of the lens to change shape and focus on ob
jects of varying distances. 5,41,52.87,88
Color
The ability to perceive, differentiate, and distinguish colors de
clines with aging as a result of changes in retinal cones, the
retinal bipolar and ganglion cells, the visual pathways that ter
minate in the occipital cortex, and the lens. As the lens thick
ens and yellows with age, it becomes less sensitive to colors
that have shorter wavelengths. The ability to distinguish cool
colors--blues, greens~ and violets--is particularly impaired
since they have the shorter wavelengths. Hue and saturation
levels are particularly affected by aging, but brightness appears
to be spared. Warm colors with longer wavelengths, including
the reds, oranges, and yellows, are easier to differentiate and
should therefore be used as focal points against sharply con
trasting backgrounds. In addition to loss of color discrimina
tion at the blue end of the color spectrum, a loss of sensitivity
over the entire spectrum occurs. As a result, light pastel colors
may be difficult to distinguish. Monotones also provide diffi
culty for older individuals, as may dark shades, which tend to
blend into shadows. As a result, older persons may have trou
ble negotiating around dark furniture or in areas where dark
floor surfaces and dark walls or doorways come together. Op
timal lighting is needed to minimize this hazard.
Both warm and cool colors can be included in a color
scheme when living environments are designed for the el

derly. Even though cool colors are more difficult to distin
guish, they may be preferred for their soothing effects, par
ticularly with agitated older individuals. The use of bright,
warm colors, which are better seen, should be encouraged
for sensory stimulation. Contrasting bright yellows, reds,
and oranges with cool blue, green, and violet colors may help
minimize difficulties associated with loss of depth percep
tion. The goal with the use of color is to use contrast to as
sist elderly individuals in distinguishing objects from their
backgrounds. It is also important that the use of color be
aesthetically pleasing.5,9,18,19,20,22,29.32.51,83,87,88
Contrast
The ability to discriminate between degrees of brightness
appears to decrease in individuals age 60 and older. In par
ticular, contrast sensitivity to medium and high spatial fre
quencies declines progressively with age, and contrast sensi
tivity to low spatial frequencies remains unchanged.
Typically, older individuals have difficulty seeing objects that
have low contrast, espeCIally with a bright background. El
derly persons require greater than two times as much light to
see low-contrasting objects with the same degree of clarity as
younger people. Earlier studies attributed this decreased
ability to discriminate between degrees of brightness to be
the result of an increase in light scatter secondary to age-re
lated eye changes. More recent studies indicate that changes
in the retina and the brain or neuronal loss within the visual
pathways are responsible. 18,2o.22.23.51,68,87
Use of sharp contrast enhances the visual performance of
older individuals. Bright detail on dark backgrounds is eas
ier to distinguish than low contrast or dark detail on light
background. Recommendations incl].1de white lettering on
the telephone dial of a black telephone (Fig. 8-5) or white
lettering on a black background for reference dials on appli
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ances. Use of warm colors-reds, oranges, and yellows-is
recommended to highlight important visual targets such as
handrails, steps, intersections, and traffic signs. Floors and
rugs should contrast with woodwork and walls. To enhance
eating, plates should contrast with tablecloths or tabletops.
Colored rims on dishes and glasses can provide sufficient
contrast to avoid spills. The table covering should also con
trast with the floor to enhance the reference point of older
individuals and help prevent falls. 33,49,s4,62,69,88
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Depth Perception
Related to loss of color discrimination is change in depth
perception, or the ability to estimate the relative distance and
relief of objects. Lack of color contrast results in a flat visual
effect, or decreased depth perception and inability to judge
distances. As a result of the inability to judge distances, older
persons may have difficulty estimating the height of curbs
and steps and may have difficulty with activities of daily liv
ing that require distance judgment, including feeding tasks.
Related to depth perception is figure-ground, which is the
object of focus from a diffuse background. It is difficult for
older individuals to recognize a simple visual figure when it is
embedded in a complex figure background. Specific implica
tions for the elderly are in selection of floor coverings. When
a pattern is present on a floor surface, it may create a hazard
as older individuals perceive it as one object or several objects.
The avoidance of patterns is therefore recommended for floor
surfaces, particularly in hallways or living areas.9.42,70,87,88

Hearing
Hearing provides a primary link that allows individuals to
identify with the environment and communicate effectively.
Age-related hearing loss can lead to decreased awareness of
environmental cues; poor communication skills; and ulti
mately, social isolation. With aging, there are both physio
logical and functional changes in the auditory system. Both
the peripheral auditory system, which includes the struc
tures of the ear itself, and the central nervous system, which
integrates and gives meaning to sound, are affected. Age
related hearing loss can be attributed to three factors: conduc
tive loss, sensorineural loss, and combined conductive and
sensorineural loss. Changes that typically occur with aging
and are detrimental to the older individual's ability to func
tion independently in the environment include high-tone
hearing loss, decreased speech discrimination, and difficulty
in detecting and appropriately filtering background noise.
Conductive Hearing Loss
Conductive hearing loss results from dysfunction of the ex
ternal ear, the middle ear, or both. Factors responsible for
this type of hearing loss include impacted cerumen, perfora
tion of the tympanic membrane, serum or pus in the middle
ear, and otosclerosis. Conductive hearing loss occurs when
sound transmission to the inner ear is lost because the in
tensity of the signal is not sufficient. Even though the signal
is weakened, sound received by the inner ear can still be an

alyzed since the inner ear itself is not affected. Therefore, in
creasing the intensity of the signal through louder speech or
through mechanical amplification, such as a hearing aid,
may help restore the ability to hear.
With a conductive loss, some impairment will occur in
the ability to hear sounds of all frequencies. The specific pat
tern is dependent on the etiology of the hearing loss. An ap
propriate intervention when speaking to older individuals
with a conductive hearing loss is to increase the speaker's
volume to enable the elderly to hear the signal more clearly
and to understand the speech. For individuals with pro
found hearing loss, an appropriate strategy may be to speak
directly into the individual's ear. Devices such as timers,
alarm clocks, smoke detectors, and doorbells can be modi
fied or changed so that the signal is within the hearing range
of older persons. I ,;,9,29,35,44,47,49,87Jl8
Sensorineural Hearing Loss
Sensorineural hearing loss occurs when there is a dysfunc
tion in conversion of sound waves to electrical signals by the
inner ear or dysfunction in transmission of nerve impulses
to the brain. Age-related sensorineural hearing loss is re
ferred to as presbycusis. Sensory presbycusis is due to a loss of
hair cells at the basal end of the organ of Corti and results in
loss of high-frequency hearing. Neural presbycusis is due to
degenerative changes in nerve fibers of the cochlea. It leads
to loss in speech discrimination but not in pure-tone thresh
olds. As a result, the person continues to hear tone but can
not understand what is heard. Amplifications may be of lit
tle benefit, since these devices can amplify unintelligible
sounds. Metabolic presbycusis results from atrophy of blood
vessels in the wall of the cochlea. It is most likely the result of
arteriosclerotic vascular changes. It results in a relatively uni
form reduction in pure-tone sensitivities for all frequencies
and is accompanied by recruitment, which is a rapid increase
in loudness as the sound intensity increases. Mechanical
presbycusis is the result of atrophic changes in the structures
involved with vibration of the cochlear partition. The result
is increasing hearing loss from low to high frequencies. The
ability to understand speech is affected. High-pitched conso
nants such as 5, t, f, and g are increasingly difficult to under
stand, especially in the presence of background noise, which
masks the weak consonant sounds, or with rapid articula
tion. 14,23,38,44,66
Older individuals with a sensorineural hearing loss may
have significant difficulty maintaining independent function
in the environment. In addition to difficulty in hearing
and/or understanding speech, these individuals may have
great difficulty hearing and interpreting key signals from the
environment. Recommendations to assist these individuals
incorporate strategies to address the hearing loss. Lower fre
quency and pitch of signals from television, stereo systems,
or radio can be achieved by adjusting the treble and bass to
compensate for loss of high frequency, i.e., by tuning the bass
up and the treble down. Use of microphones by speakers and
entertainers will also cut out some of the high-frequency
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sound, making it easier for individuals to hear. Devices that
have high-frequency sound, such as smoke alarms, tele
phones, and doorbells, should also have a visual cue, such as
a flashing light.
For individuals with presbycusis, a hearing aid may be of
limited benefit, since this device may only amplify a dis
torted signal. Some assistive listening devices, such as pocket
amplifiers with external earphones, microphones, and ear
phones, may be beneficiaI48,49,66 (Fig. 8-6). As with profound
conductive loss, speaking directly into the individual's ear
may be of benefit for the person without a device.
Environmental background noise that competes with the
older person's ability to hear can be minimized by use of
acoustic materials such as drapes, upholstered furniture, and
carpets, which absorb noise. Insulating sheet rock should be
installed in noisy areas such as kitchens or maintenance
rooms. Tight window seals can minimize exterior noise.
In institutions and public buildings, noise from telepages,
radios, televisions, dishwashers, and air conditioners should
be eliminated where possible. Background music should be
eliminated, since it contributes to the older individual's in-

FIG. 8-6 A hand-held pocket amplifier increases the ability to
communicate with a hearing-impaired individual. (From Lohman
H, Padilla RL, Byers-Connon S: Occupational Therapy with Elders:
Strategies for the COTA. St Louis, Mosby, 1998. Used with permis
sion.)
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ability to hear. Fluorescent lighting should be used with dis
cretion, since the buzzing sound that is produced may also
interfere with hearing.9.29.35,49.71.87.88

Taste and Smell
Taste and smell intertwine to provide additional links with
the environment. These senses allow individuals to appreci
ate foods and pleasant odors in the environment, such as
fresh-baked bread, the smell of newly cut grass, and roses.
They also allow detection of unpleasant odors that can serve
as warning to environmental hazards. Examples include un
safe drink and foods, fire, and noxious gases. Research on
age-related changes in these senses is limited and often con
tradictory, but there is evidence that they are diminished.
Current research indicates that smell has more significant
change and that taste changes are relatively minimal. This
decline in taste and smell can affect the older individual's be
havior, safety in the environment, and nutrition.
Taste
Although there is no agreement on the cause, it is known
that the number of taste buds decreases with age. By age 60,
most people have lost approximately half of their taste buds.
This loss further accelerates after age 70. This loss of func
tioning taste buds, combined with neuron reduction in taste
centers, may account for changes in taste with aging. Other
age-related changes that affect taste may include changes in
the elasticity of the mouth and lips, decreased saliva flow,
changes in oral secretions, increased incidence of gingivitis
and periodontitis, and tongue fissures. Smoking and illness
may also contribute to the decline of taste sensitivity.
Regardless of cause, age-related changes in taste acuity are
thought to be small. Taste buds located in the front of the
tongue that are responsible for sweet and salty tastes are the
first to atrophy. Stronger stimuli are needed to appreciate
these tastes, and older people may use excessive amounts of
salt or may prefer sweets. This can pose problems for older
individuals suffering from hypertension or diabetes. Taste
buds located on the posterior surface of the tongue that are
responsible for bitter tastes and allow rejection of bitter tox
ins are lost later. Additionally, older persons may experience
an increased sensitivity to bitterness, with the resultant com
plaint that food tastes bitter or sour.
Recommendations to enhance the taste experience in
clude suggestions to compensate with other senses. One
study demonstrated that an increase in color caused a signif
icant increase in the perceived flavor intensity of beverages
for older individuals. This study speculated that the elderly
depend heavily on visual cues to determine characteristics of
food products because they are less sensitive to changes in
flavor. IS Other suggestions include encouraging older indi
viduals to stimulate smell with the aroma of cooking foods
since smell is so closely intertwined with taste and to prepare
meals using a variety of aromas, temperatures, and textures.
Oral hygiene should be encouraged before eating to rid the
mouth of unpleasant tastes. Spices, herbs, flavor extracts,
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and sugar and salt substitutes can be used to enhance the fla
vor of foods. 5•14,35,87,88
When dealing with canned foods, older persons should
be taught to feel for any bulges in the can and to discard any
suspicious cans. Stored foods should be dated and checked
for spoilage. Defrosted foods should be used promptly, since
thawing and refreezing affects flavor and texture. I4,87,SS
Smell
Research on olfactory sensitivity and smell is contradictory,
but sensation appears to decline as a result of age, as well as
a result of other factors associated with age. These factors
may include continuous exposure to odor, leading to de
creased acuity, or exposure to environmental pollutants or
smoking. Structural causes may include fiber loss in the ol
factory bulb, with a loss of approximately three-fourths of
the olfactory fibers by age 80 or 90. Alterations in nasal
anatomy and physiology may also occur secondary to dis
eases of the respiratory system.
A critical function of the sense of smell is to warn indi
viduals of environmental dangers, including smoke or gas
fumes. For elderly persons who experience a decline in the
ability to smell and are living alone, it is critical that envi
ronmental adaptations be considered. One recommendation
is to use smoke detectors with loud buzzers. Since declining
sensitivity to odor may limit the individual's ability to detect
mercaptans (foul-smelling additives) used to warn of nat
ural gas leaks, safety-spring caps for gas jets of a stove are
also recommended. If the sensory loss is profound, switch
ing from gas to electrical appliances may be indicated.
Social interaction of older persons may be affected by a
declining sense of smell. Individuals may not be able to de
tect body odor, so particular attention must be given to
bathing patterns. Perfumes may be overutilized, making the
scent overpowering and offensive to others.
For the institutionalized elderly person, unpleasant odors
from cleaning equipment, sanitizing sprays, and substances
designed to mask offensive odors abound. Pleasant odors as
sociated with positive life experiences are often overlooked.
Absence of "good" smells adversely affects the quality of life
for these individuals. Opportunities should be created to
stimulate positive life experiences with pleasant smells.
Kitchens can be vented to allow the aroma of cooking food
to permeate residential hallways and dining areas. Flowers
with fragrant scents can be placed in living areas to enhance
the older person's sensory experience.9 ,14,28,29,35,87

act with the environment and allows individuals to perceive
multiple characteristics of an object. 9 ,37,85 For example, a sur
face may feel smooth or rough, soft or hard, warm or cold.
Little conclusive research has been done on the sense of
touch. However, evidence suggests that touch decreases with
age and varies from individual to individual. Many of the
losses in somatesthetic sensitivity are the result of diseases
that occur with greater frequency in the elderly, rather than
a result of aging per se. Increased thresholds for touch, espe
cially textures, temperature, and kinesthesia, have implica
tions for the older individual's ability to obtain needed sen
sory input from the environment.
Tactile Sensitivity
Degenerative changes in Meissner's corpuscles may result in
decreased sensitivity of the skin on the palm of the hand and
sole of the foot but not of hairy skin. The resultant decrease
in touch acuity can affect the ability of older individuals to
localize stimuli. As a result, older individuals may have prob
lems differentiating or manipulating small objects, including
buttons and coins. The decrease in speed of reaction to tac
tile stimulation can cause harm to older persons, as they take
longer to become aware of harmful or noxious stimuli such
as temperature extremes, chemical irritants, or simple pres
sure from a stone in a shoeY
Introducing texture into the environment can be valuable
in assisting independent function of older individuals, espe
cially if there is impairment in other senses. Wall hangings,
carpet, and textured upholstery on furniture can enhance
tactile input and add warmth. Use of texture on handrails or
doorknobs can give environmental cues and enhance safety.
Tactile deprivation can be minimized by the use of soft blan
kets and sheets and textured clothing. 9 ,29
Thermal Sensitivity
Changes in vascular circulation and loss of subcutaneous tis
sue in older individuals may result in changes in thermal
sensitivity and impaired ability to cope with extreme envi
ronmental temperatures. One consequence is that older per
sons may feel cold and uncomfortable, even on a day that
seems warm to a younger person. Air conditioning may not
be tolerated, especially in the institutional environment.
Additionally, extremes in hot temperatures, e.g., from hot
bathwater or a heating pad, may not be readily detected by
older individuals. As a consequence, individuals may suffer a
burn from the inability to react quickly to the temperature
extreme. 9 ,29,35

Touch
The sense of touch is a complicated human response that in
volves many separate processes-including touch, tempera
ture, pain, as well as vibration sensitivity, kinesthesia, and
stereognosis. Sensory input is subdivided into touch and tac
tile systems. Touch is used for awareness and protective re
sponses. It can be determined culturally and is often lacking
in the older person's environment, contributing to the indi
vidual's diminished sensorium. Tactile input is used to inter

GENERAL PRINCIPLES OF DESIGN
Environmental design principles that accommodate age-re
lated changes in sensation can enhance independent func
tioning of elderly individuals. The ideal environment will
vary according to the needs of individuals but should be
supportive of sensory changes while promoting satisfaction,
safety, and security. Design that accommodates sensory
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changes that occur with age should enhance the ability of in
dividuals to function at the maximum level of competence.
Overuse and underuse of sensory cues should be avoided,
since both create dependence and result in a mismatch be
tween the individual and the environment. *
The extent to which an environment demands a behavioral
response is defined as environmental press. The ability ofthe in
dividual to respond adaptively in areas of functional health, so
cial roles, sensory-motor and perceptual functions, and cogni
tion is referred to as competence. As the demanding physical
environment fails to support aging individuals, safety, self-im
age, and interactions with others may be adversely affected,
and stress may result. In this circumstance of high environ
mental demand, individuals with high competence levels will
withstand greater levels of press, whereas individuals with the
least capabilities will likely exhibit maladaptive behavior. Indi
viduals in such situations must either change their competence
through rehabilitation or alter their physical environment. Al
though rehabilitation to improve competence may be a sound
solution, it is acknowledged that environmental adaptations
are generally easier. Simple environmental changes, such as in
creased lighting, easily identifiable landmarks for cuing, or de
creased background noise, may foster meaningful changes in
behavior and interaction within the environment.9 ,39,46,84,86
Recommending too many changes in sensory stimuli
within the environment may lead to sensory distortion, re
sultant overload, and decreased environmental press. This
excessive decrease in environmental press may result in lack
of challenge for some individuals, leading to marginal per
formance and dependent behavior. The optimal environ
ment for the elderly is one that provides a measure of chal
lenge and, at the same time, provides the necessary supports
for the individual. 46
Numerous environmental checklists can be found in the
literature that address physical barriers in the home and in
stitution. However, special consideration must also be given
to accommodating sensory changes. ll ,64,74,75 Each area of the
physical environment in which older persons function must
be addressed, with a focus on this interdependence of sen
sory loss, functional ability, and reliance on the environment
for support. In addition to recommendations cited previ
ously in this text, several areas deserve further emphasis.
These include comments on personallliving space, long
term-care residencies, physical therapy departments, stairs,
escalators, and driving.

Personal/Living Space
Since the home is the hub of most activity for older individu
als, creating an environment to support sensory loss and en
hance maximum functional independence is critical. Incorpo
rating the previously outlined design principles that
accommodate losses in vision, hearing, taste, smell, and touch
will not only facilitate independence but may also minimize
the occurrence of accidents leading to death or disability. ExReferences 4,6,9,16,26,27,36,40,43,60,63,76,86
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amples include use of enhanced lighting and provision of con
trast in personal living space to deter falls that result from de
creased vision and the use of smoke detectors with visual cues
to decrease vulnerability to death from fires in older individ
uals with decreased ability to hear and smell.86

Long-Term-Care Residencies
Long-term-care residencies that were designed using tradi
tional concepts derived from the medical model may fail to
meet the needs of today's frail elderly population who suffer
from multiple chronic conditions. To enhance the quality of
life for these older individuals, architects and administrators
are challenged to incorporate design principles that create
environments to support age-related changes and enhance
functional performance of individuals with sensory losses.
Appropriate lighting can support greater independence
and enhance the safety of older individuals with visual
deficits. Although direct, incandescent lighting adds
warmth, it may not provide adequate illumination and may
also create light pools and shadows. Therefore, direct light
ing is not recommended for use in corridors. It is, however,
appropriate as supplemental task lighting. Desk lamps and
table lamps by chairs should be provided for reading and
close work. Indirect "white" fluorescent lighting is recom
mended for use in corridors, since this type of lighting pro
vides adequate, even illumination and minimizes glare.
Warm white bulbs are recommended because they give a
softer tint. Care should be taken to minimize flickering,
which can be a hazard for the elderly. A regular schedule for
checking ballasts on fluorescent lights and replacing worn
out bulbs can minimize this problem. 13,79,81
Long-term-care facility design should be attentive to
choices in materials for window coverings, ceilings, wall cov
erings, and floors. Window treatments should be chosen to
minimize the effect of glare, since this is often a problem in
residential facilities. Curtains or blinds can be used for this
purpose. Draperies should be considered since they not only
minimize glare but also serve to absorb extraneous back
ground noise and assist in lowering energy costs,7,I3,56,79
Ceilings and wall coverings in residential facilities should
be chosen to support sensory deficits of elderly residents.
Ceilings should be covered with acoustic tile specially de
signed to absorb noise and extraneous sounds that interfere
with speech discrimination. Use of these materials is partic
ularly recommended in corridors, dining rooms, and other
areas where background noise is prevalent. Wall coverings
can be chosen to serve multiple purposes. Color can be used
for resident orientation and cuing. Choosing paint or fabric
of different colors for various areas within the facility can
provide meaning, especially for confused or demented resi
dents. Use of contrast on door frames can serve as added
landmarks and assist residents in locating their personal
room. Color contrast between walls and floors can provide
valuable sensory information to minimize falls in ambula
tory individuals. Textured wall coverings that are soft to
touch have the added benefit of providing tactile cues for
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older individuals deprived of touch and for visually im
paired residents. Repetitive, random, and vivid patterns that
create visual illusions and unstable figure-ground relation
ships should be avoided 7 ,13,56,59
Floor coverings should be selected to enhance the mobil
ity of older residents. Vinyl or linoleum is often chosen since
it is easy to clean and provides little resistance for wheelchair
mobility. One problem with vinyl surface is that it is a major
source of glare. This can be controlled to an extent with use
of nonglare wax. An alternative to vinyl is the use of carpet,
which has traditionally been avoided because of stains and
odor. Newer design, including solution-dyed fibers aDd liq
uid-barrier backing, has minimized these problems.
One study recommends the use of carpeting to enhance
walking in elderly hospital inpatients. This study determined
that gait speed and step length were significantly greater on
carpeted than on vinyl surfaces. 52 Mobility of wheelchair
bound elderly need not be hampered by use of carpeting,
since low-looped pile that is very tightly woven can mini
mize friction. 7,13
Another study looked at the role of carpeted and vinyl
floors in relation to injuries older individuals received as a
result of a fall in a hospital. The study retrospectively re
viewed a random sample of accident forms. Out of the
group of patients who fell on carpet, only 17% sustained in
juries. In the group of patients who fell on vinyl, 46% sus
tained injuries. Statistical analysis indicated less than 1%
probability that the reduced rate of injury for those patients
who fell on carpet was owed to chance. Results of this study
support the hypothesis that individuals who fall on carpet
are less likely to be injured than those who fall on vinyl floor
ing. 30 However, results of this investigation should be viewed
in light of a more recent study that investigated the effects of
flooring on standing balance among older persons. The re
sults of this study indicate that the more compliant-i.e., the
softer-the floor covering, the greater the effect on sway
during moving visual environments. This may be a function
of the sensitivity of older individuals to visual and proprio
ceptive inputs and of difficulty in handling sensory conflicts
to the postural control system. The results of this study sug
gest that the type of floors could effect the potential for
falling. High softness (plush) flooring modules increase the
potential for destabilizing balance and increase risk of a fall,
even though these more compliant floors are more comfort
able and may reduce the potential for hip fracture in the
event of a fall. The fact that the moving environments were
particularly destabilizing with highly compliant surfaces
suggests that floor compliance will cause even greater insta
bility during walking. However, additional studies are
needed to verify this assumption. 61 This study supports the
use of low-pile carpeting in geriatric residences to improve
balance of older individuals.
Furniture selected for residential facilities should be func
tional and, at the same time, supportive of sensory changes.
Use of fabric upholstery can provide tactile cues and elimi
nate problems of glare created by vinyl upholstery. Choosing

color that contrasts with flooring can serve as a valuable vi
sual cue for residents with visual deficits. Repetitive and illu
sionary patterns should be avoided.13
Particular consideration should be given to design of res
ident rooms in long-term-care facilities. Beds and chairs
should be comfortable and stable and support functional
ability of residents. 1O,21,50 Adequate illumination should be
provided, with provisions included for task lighting. Glare
should be controlled through use of appropriate window
treatments, floor surfaces, and furniture choices. Color and
contrast should be considered during the selection of wall
coverings, and even furniture coverings. For example, bed
spreads should be chosen to contrast with floor coverings so
that a visually impaired resident will be able to safely trans
fer on and off the bed. 65
Special considerations for personal bathrooms and central
bathing areas focus on features to enhance resident safety.
One important consideration is to control glare, whieh is a
particular problem with vinyl flooring, porcelain sinks, bath
tubs, toilets, chrome towel bars, and grab bars. Suggestions to
minimize glare include use of colored fixtures that can addi
tionally provide contrast with floor and wall coverings. These
are aesthetically pleasing and can serve as an important safety
feature for older individuals with visual deficits and who may
experience difficulty in judgment when the toilet, bathtub, or
grab bar is of the same color as the floor.13
Communal dining areas can pose several design chal
lenges in residential facilities. In addition to the usual prob
lems with lighting and control of glare, there is the added
problem of noise control. Since dining areas are commonly
located adjacent to the kitchen, background noise from dish
washers and food processors can contribute to difficulty
with hearing-impaired residents and can cause further social
isolation of these individuals. Use of good insulating materi
als or locating dining areas away from kitchens is recom
mended to minimize this problem. Further reduction in
background noise can be attained through use of tablecloths
and placement of paper pads between cups and saucers.7,B

Physical Therapy Departments
If the elderly are to receive maximum benefit from physical
therapy intervention, it is crucial that design principles in
corporating recommendations to accommodate for sensory
loss with aging be utilized when new facilities are built or ex
isting space is renovated. Concepts previously discussed that
accommodate sensory changes must be implemented. These
include controlling light sources; minimizing glare; and
choosing appropriate ceilings, wall coverings, and floor cov
erings. Specific recommendations for physical therapy de
partments include choosing walkers and other assistive de
vices that are constructed of non-shiny materials in an effort
to control glare. Some pieces of equipment, such as parallel
bars, some whirlpools, and various other modalities, are, by
design, constructed of shiny material. When using this
equipment, light sources should be controlled to minimize
the effect of glare.
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When mat tables and treatment tables are being chosen,
the overall design of the physical therapy department should
be considered. These surfaces should be covered with mate
rial that provides contrast to floor coverings, so that elderly
clients are afforded a specific visual cue that will enhance
safety in transfers.
One significant problem in most physical therapy depart
ments is background noise. Suggestions to minimize this
noise include confining whirlpool areas to separate rooms
that are insulated with acoustic material. Another recom
mendation is to provide individual treatment booths rather
than sectioning treatment areas with curtains. Not only will
this afford privacy for older individuals, it will also serve as a
means of limiting background noise. Background music
from radios and use of intercom devices should be discour
aged, since they serve as further distracters for the elderly
with hearing loss.
Finally, use of texture is encouraged to enhance tactile
sensation. When possible, linens should be used on mats and
treatment tables rather than paper coverings. These should
also contrast with floor coverings to enhance visual percep
tion. Low-pile carpeting should be considered to enhance
ambulation, absorb sound, and minimize glare.

Stairs
Stairs are one area within the environment not previously
discussed that require special consideration, since they are
common sites of accidents leading to injury, hospitalization,
and even death. Safe negotiation of stairs requires integra
tion of visual and kinesthetic tests of the conditions of the
stairs. This is particularly critical for descent, which is gener
ally more hazardous than ascent. Successful stair negotiation
requires that individuals make a transition from free-form
movement on level surfaces to the highly circumscribed foot
placement that is required on stairs. Visual feedback is used
initially in order to judge the position of the stair treads and
maximize accuracy of foot placement. Looking at the steps
then allows the user to scan the flight of steps for hazards, in
cluding broken treads, irregularities, or other obstacles.
Once the visual test is accomplished, individuals rely on
kinesthetic tests to obtain a feel of the treads and ensure ac
curate foot placement. In elderly individuals, visual distrac
tions drawing the user's attention away from the stairs as
well as visual deceptions built into the design of the stairs
were identified as two leading causes of stair accidents. Fur
thermore, the most critical piece of visual information for
successful descent of steps was identified as a singular and
unambiguous indication of the edge of each step. Optical il
lusions created by patterned carpeting overpower the ability
of individuals to detect tread edges and create a significant
hazard. Similar hazards are created by three-dimensional
textures, including shag carpeting, since these textures cause
treads to appear to merge into a continuous surface. 2
Other environmental considerations on stairs include use
of adequate lighting to enhance visual feedback. Light
switches should be located at both the top and bottom of the
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flight of steps. Night-lights should also be located near the
first and last steps to provide cuing during darkness. Glare
reflecting from floor surfaces should be minimized by the
use of nonglare surfaces, including appropriate types of car
peting. Light from windows located near stairs should be
controlled with window coverings. Glare derived directly
from light sources. should be minimized by positioning and
by avoiding exposed lightbulbs. Kinesthetic feedback may be
enhanced by use of carpeting; however, the addition of
ribbed vinyl or rubber stair nosing of a contrasting color
should be considered to aid in reducing the risk of falls by
enhancing detection of the edge of the step. Stairs without
carpeting can be marked by a strip of paint or tape in a con
trasting color. 5 \,55,57,75

Escalators
Escalators have been identified as a hazardous environment
for the elderly since their use may result in accidents involv
ing falls. It is thought that the repeated optical image that is
a critical design feature of escalators may induce visual depth
illusion, resulting in disorientation. More research is needed
to determine whether the illusion adversely affects postural
stability of older individuals more than that of younger peo
ple. However, it is theorized that the higher proportion of
falls on escalators for older people may be a result of age
related declines in vision and a suspected relationship to
postural stability. Older individuals should be alerted to the
potential hazards of escalator use, and individuals with vi
sion and visual perceptual deficits should be encouraged to
avoid use of escalators. Additionally, these individuals
should be cautioned to avoid similar surfaces such as carpet
ing or linoleum that use repeated patternsY
Driving
Since driving is a privilege that enhances independent func
tioning in the environment, it is important to consider the
impact that age-related sensory changes might have on this
skill. Vision is a critical sensory modality that undergoes
changes with age. Older drivers must learn to give careful
consideration to this system in relationship to specific skills
needed for driving.
Although it seems logical that good vision is necessary for
safe driving, there are no data to support the idea that poor
vision results in unsafe driving. Studies linking vision and
accident involvement have provided mixed results and are
based more on theoretical considerations rather than empir
ical data. It is generally believed that there is a weak relation
ship between visual performance and accident involvement
for multiple reasons. These reasons include facts such as
most accidents have multiple causes (the most 'frequently
cited human causes of accidents are attentional or higher
order perceptual failings), many large scale studies rely on
relatively unreliable vision data obtained from gross driver
screenings, and drivers with reduced capacities may restrict
driving to times when light conditions are favorable. Never
theless, several studies link specific visual impairments and
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theoretically related driving tasks or accident -causing behav
iors. These studies have found positive relationships between
driver skills and visual acuity, depth perception, and contrast
sensitivity.34,67
It is generally recognized that age-related decline in visual
acuity is highly individualistic and that deterioration in sta
tic acuity under optimal illumination, reduced illumination,
and glare is not significant before the age 60. Studies have
found small but consistent correlations between photopic
static acuity, or day vision, and accident involvement, partic
ularly for older drivers. Between 5% and 10% of 60- to 65
year-old drivers have corrected acuity worse than the 20/40
minimum acuity level required by 38 states and the District
of Columbia. Although not as extensively studied, static acu
ity under reduced illumination may be more relevant to the
visual requirements of older drivers. One study indicated
that low-level static acuity was one of the best predictors of
accident involvement among older drivers. This is particu
larly relevant, since the onset is earlier and magnitude much
larger than decline in photopic static acuity.67 Older drivers
should recognize the importance of adequate visual correc
tion with glasses or contact lenses and may need to modify
driving patterns in low-light conditions.
Dynamic visual acuity, or the ability to detect a moving
object, is a more complex task than static visual acuity. De
terioration in this ability begins earlier and accelerates faster
with increasing age. Studies have demonstrated a significant
relationship between dynamic visual acuity and amount of
driving and accident involvement, It is theorized that this
correlation is due to the fact that this skill requires the com
bination of multiple visual sensory and motor skills that are
necessary for safe driving, including fine oculomotor con
trol. Another skill that is conceptually critical to safe driving
is motion perception, The ability to detect movement rela
tive to the driver is critical to detecting imminently danger
ous situations. This ability is primarily limited by neural
mechanisms, although the ability of the eye to effect smooth
tracking also involves the oculomotor system. Studies have
shown that visual training can be effective in enhancing mo
tion discrimination in the elderly and that some effects can
be generalized to driving situations. 67 Older drivers should
be encouraged to participate in visual training sessions that
include complex, dynamic visual skills.
Declining visual field is another factor that must be given
consideration. Older individuals must be aware of pedestri
ans or vehicles in the lateral field, and individuals who expe
rience declines in peripheral vision must be taught to com
pensate by turning their heads or by using car mirrors.
Similarly, drivers who have experienced loss in the upper vi
sual field must be alerted to the need to look upward to avoid
missing overhead road signs and traffic signalsY
Depth perception is also known to decline with age and is
additionally affected by increased susceptibility to glare, loss
of visual acuity, dark adaptation, changing needs for illumi
nation and contrast, and altered color perception, Older dri

vers need the ability to judge distances between their vehicle
and other moving or stationary objects. This is critical for
judging distances from oncoming cars, maintaining appro
priate distances, safely passing other vehicles, merging onto
a highway, or braking before reaching an intersection. 22
Older drivers who experience difficulty with depth percep
tion and are unable to compensate for this loss should be
strongly cautioned to avoid driving.
Since older individuals have problems with dark adapta
tion, they may experience difficulty with changes in illumi
nation coming from oncoming headlights or streetlights. As
a result, night driving may pose a safety hazard, and older in
dividuals may need to confine driving to daylight hours. 38
Additionally, older drivers may be limited in night driving by
glare intolerance. They should be instructed to compensate
for this by avoiding looking at oncoming headlights, travel
ing on divided highways, or traveling on well-lit roads. n Ve
hicle design modifications introduced on 1986 models have
proved beneficial for older drivers who experience decreased
night vision and difficulty with glare. These include changes
in headlights, rear lights, and directional signals that can be
seen on the side of the vehicle. They also include design con
cepts that result in reduction in windshield and dashboard
glare and installation of rear window defrosters and
wipers. 67,77
The impact of diminished color discrimination on dri
ving is questionable. However, it has been suggested that it
may take some older drivers twice as long as younger drivers
to detect the flash of a brake light since red colors may ap
pear dimmer as individuals age,zz The high-mounted rear
brake light introduced in 1986 vehicle models may serve as
an accommodation for older drivers,?7
In addition to visual loss, older drivers may experience
difficulty because of age-related changes in hearing. Specifi
cally, they may be unable to hear horns from other motorists
warning of oncoming hazards, or they may be unable to lo
calize the source of such signals. Vehicle malfunction warn
ings, such as brake sensors, may also go undetected with di
minished hearing. Older drivers can compensate for this loss
by adhering to a strict vehicle maintenance schedule.
The final deterrents to safe driving for older individuals
that must be given consideration are hazards specific to the
road environment itself, e.g., poorly placed and poorly de
signed road signs. Signs should be of sufficient size and
should provide adequate color contrast to be seen by older
drivers. Traffic lights pose another difficulty. Hazards per
taining to traffic light changes at intersections occur when
older drivers react slowly to light changes from green to red,
It has been suggested that older drivers would benefit if en
gineering slowed the speed at which a traffic light changes to
10% less the current recommended speed of change. Since
night drivers rely on median and roadside delineator lines as
visual cues, increasing the width of these markers from 4 to
8 inches has also been speculated to be of benefit to older
night drivers. Older drivers with visual deficits may have dif
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ficulty on two-lane highways and older highways that have
closely placed on-ramps and off-ramps. Newer highway de
sign that includes four-lane highways with wide separation
and better delineation of on-ramps and off-ramps should
prove valuable for older drivers. 67,77 Finally, because older in
dividuals are thought to have difficulty with visual depth il
lusion created by repeated optical patterns, repetitive pat
terns that occur in bridges, tunnels, and expressways may
pose hazardsY Some older drivers should avoid these envi
ronments to foster safe driving.

TEACHING/CONSULTING STRATEGIES
Physical therapists working with the elderly are challenged
to incorporate teaching strategies to accommodate sensory
loss into treatment programs. Their unique knowledge of
sensory changes that accompany aging, coupled with knowl
edge of appropriate interventions, will maximize the reha
bilitation experience and afford the elderly an opportunity
to utilize newly acquired skills in an environment that main
tains reasonable control over functional ability and enhances
quality of life.
Simply indicating which changes accompany normal ag
ing may encourage older individuals to seek appropriate in
terventions and avoid the resignation that often accompa
nies a sense of helplessness at thoughts of "growing old:' The
physical therapist should encourage use of adaptive equip
ment and assistive technology to compensate for specific
sensory loss. For example, individuals with visual loss should
be supported in use of glasses and other low-vision aids, and
persons with hearing loss should be encouraged to use hear
ing aids or other amplification devices that have been pre
scribed. Where indicated, physical therapists should support
and encourage referral to appropriate specialists for evalua
tion of specific deficits and prescription of needed devices.
They should also be knowledgeable of service agencies
within the community that specialize in assistive technolo
gies and support services for older individuals with sensory
loss and assist individuals in contacting and using these
agencies. Additionally, therapists should instruct the elderly
in environmental modifications that are unique to their in
dividual needs.
Physical therapists can use their knowledge and skills re
lated to movement dysfunction and ergonomics to further
enhance the functional independence of older individuals
who require accommodations for sensory changes. For ex
ample, physical therapists can be particularly helpful in
providing recommendations to utilize correct posture to en
hance comfort for older individuals who use accommoda
tions for low vision, This is important because the mainte
nance of focal distance, line of sight, head tilt, back position,
and body posture determine the comfort and efficiency of .
many recommended low-vision systems. Suggestions may
include modification of head position and line of sight to
successfully use the device. Similar suggestions may be made
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for computer users who are visually impaired. Additionally,
therapists may serve a valuable role in recommending adap
tations to prescribed devices that address concurrent prob
lems often experienced by older, visually impaired patients.
These may include the use of adjustable reading stands to
hold large-print reading material or special ring stands,
clamps, or headbands to position magnifying devices for in
dividuals with arthritis, stroke, or Parkinson's disease, who
may otherwise have difficulty using the prescribed device.
Finally, physical therapists can be essential in assisting with
mobility training for individuals who require the use of mo
bility assistive devices such as canes or dog guides. 53,81
Specific teaching strategies that incorporate instruction
in techniques to strengthen the sensory stimulus should be
part of the physical therapy intervention for older individu
als with sensory impairment. Examples might include ad
justments to volume and tone of radios and televisions for
hearing-impaired individuals or use of large-print books for
the visually impaired. Another technique is to teach older in
dividuals to compensate with other senses. For example, in
dividuals with a diminished sense of smell can be taught to
inspect food visually for signs of spoilage, or individuals
with visual impairments can be encouraged to use auditory
substitutions, including talking books and other talking
products. The final strategy is to teach the elderly to modify
behavior. One example is to teach older individuals with the
visual problem of dark adaptation to pause when entering a
darkened room from a bright, outdoor environment. 29,81,88
Because of their knowledge of age-related sensory
changes and environmental modifications, physical thera
pists should assume active roles as consultants. Providing in
formation to architects and designers will foster safe access
of facilities by older individuals. This is particularly impor
tant in public buildings, including churches, hospitals, out
patient clinics, and senior centers. Additionally, indepen
dence of individuals in retirement complexes, senior
housing, and long-term-care facilities can be enhanced
when design principles are incorporated. Therapists should
assist in plans for construction of new facilities and renova
tion of existing facilities. Encouraging architects and
builders to incorporate universal design concepts and design
considerations to allow adaptability of structures to accom
modate sensory changes related to age and disability may al
low older individuals to remain in their own homes, and
may be more economically feasible than renovating struc
tures that do not incorporate such principles. Also, thera
pists should take an active role in purchase of supplies for
existing facilities. Quality of life for older residents can be
maximized by selecting such items as furniture, wall and
floor coverings, and window treatments that enhance, rather
than impede, functional performance, Finally, physical ther
apists can encourage development of appropriate products
to meet the needs of older individuals with sensory loss by
serving as consultants to companies that design and manu
facture these devices. 8 ,24,33,48
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SUMMARY
It is important for physical therapists who work with the el
derly to recognize sensory changes that occur with aging and
to understand the effects that these changes have on the abil
ity of older individuals to function in the environment.
Knowledge of adaptations within the environment to ac
commodate and support losses that occur in vision, hearing,
taste, smell, and touch can maximize the rehabilitation ex
perience for the elderly and promote optimal functional in
dependence.
Physical therapists should be able to apply this informa
tion concerning sensory losses and environmental adapta
tions to general principles of design in order to create mean
ingful environments for older persons. Consideration should
be given to all aspects of the environment in which older in
dividuals function. These include personal living space and
long-term-care residencies. Specific attention should be
given to architectural barriers found in physical therapy de
partments and on stairs and escalators. Since driving is a skill
that allows access to other activities of daily living, special
consideration must also be given to this function.
The roles of physical therapists as teacher and consultant
should be emphasized. Physical therapists have unique
knowledge of the needs of the elderly, and they should be en
couraged to share this knowledge with architects, designers,
administrators, and others who deal with facilities and prod
ucts used by older individuals.
Finally, physical therapists should recognize that there is
a critical need for further research on age-related sensory
changes and on the relationship between these changes and
the use of environmental adaptations, assistive technology,
and adaptive devices. A limited number of studies have been
done to address these considerations, and the majority of the
recommendations are based more on theory than controlled
studies. Furthermore, many of these recommendations are
based on assumptions about the older individual's percep
tions related to aging, the environment, and the motivation
to preserve maximum function within the environment
through appropriate modifications. Qualitative studies are
needed to support such assumptions. Physical therapists
should be willing to participate in or support such research
efforts in order to further this science, and benefit the older
individuals that they serve.
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tellectual deterioration severe enough to interfere with social
and personal activities, is also commonly referred to as de
mentia. Properly defined, dementia is characterized by per
sistent observed cognitive changes resulting from an illness.
The key terminology in the definition of dementia are ac
quired and persistent. "Acquired" implies abilities that were
once within the behavioral domain of the individual are now
dysfunctional. "Persistent" differentiates dementia from
delirium, which produces a fluctuating state of dysfunction.
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Prevalence
Since some of the dementing illnesses progress slowly, early
detection is difficult because the person retains social skills
and the ability to compensate for any deficits. An individual
may be quite functional within the structure of the family
home and with familiar objects and routines. Not until this
person is out ofhislher natural environment, such as in a new
grocery store, will symptoms become noticeable. A spouse
may unconsciously begin to help the affected mate, therefore
prolonging the identification of dementia. In the United
States only the prevalence of dementia is estimated because of
the lack of a solid data base and problems with accurate di
agnosis. Based on European studies, the prevalence of de
mentia is between 10% and 20% of all elders, depending on
the sample and the criteria of dementia that were used. Al
though published data for the United States are minimal, ap
proximately 15% of the population older than 65 is estimated
to be cognitively impaired.36 Risk for deterioration increases
with advancing age, ranging from 3% of those 65 to 74 years
old, 18.7% of those 75 to 84 years old, and more than 47% of
those aged 85 or more. 9 The prevalence in nursing home res
idents older than 65 has been estimated as high as 50%.38 Of
elders with an organic mental disorder, an estimated 10% to
20% have reversible or partly reversible conditions.

INTRODUCTION
Decline in cognitive ability from a previous higher level of
function brings multiple problems that influence rehabilita
tion of the older individual. While therapists may focus on
physical disability, it is impossible to reach treatment goals
without an awareness of the normal cognitive changes that
accompany aging and the changes that occur with a specific
illness. Consideration of the mental condition influences the
therapeutic plan and results in setting appropriate goals and
achieving a successful outcome.

Definition
The terms confusion, dementia, and senility are commonly
used to describe mental function of the elderly. Although
many people consider "getting old" to be the reason for men
tal decline, actual changes attributed to normal aging are
minimal. Cognitive changes that are severe enough to inter
fere with function are part of a cluster of dementing illness
not old age. Dementia is a Latin word and means "patholog
ical condition of the mind:'39 Senility is a term often used
with mental deterioration in the elderly. However, these are
not diagnostic terms and are not based on specific organic
causes. 36 Chronic encephalopathy, characterized by global in

CHANGES ASSOCIATED WITH NORMAL
AGING
Predictable changes in patterns of some cognitive functions
are common with normal aging. The health care practitioner
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should be able to differentiate between normal and abnor
mal patterns in order to plan the appropriate treatment ap
proach. The change associated with old age that brings a
cognitive decline is referred to as aging associated cognitive
decline (AACDJ. This term characterizes subjects with cogni
tive decline that falls short of dementia. 15 Criteria include
subjective gradual cognitive decline for at least 6 months,
and objective criteria as measured by performance one stan
dard deviation below age and education norms as identified
in neuropsychological testing. All domains of cognitive per
formance are considered, including memory and learning,
attention and concentration, thinking, language, and visu
ospatial functioning. Prevalence for AACD in a population
aged 68 to 78 years was 26.6%.15
Often the therapist may be in the initial position to detect
the onset of dementia symptoms when assessing the indi
vidual's ability to participate in therapy. With normal aging,
there may be some change in functional activity. There is
also a cognitive component to performance of many physi
cal activities of daily living (ADL). Consequently, if a cogni
tive decline is not correctly identified, change in functional
activity may be misinterpreted as a physical condition. If
cognitive deficits co-exist with functional changes, early
identification provides an advantage in developing strategy
to assist with daily activity and in maintaining indepen
dence. Given that approximately 20% of cases of dementia
are reversible, this differentiation is important.42

Memory and Learning
Memory loss is the cognitive component most often associ
ated with aging. This has undoubtedly contributed to the
perceptions that the elderly cannot remember basic infor
mation and have severe lapses in memory-two of the many
myths of growing old. Although lapses in memory may oc
cur as one ages, the ability to recall with cues is common. In
healthy individuals, this kind of memory problem usually
does not interfere with social or personal activities. Age-as
sociated memory impairment (AAMI) is the condition pro
posed by the National Institute of Mental Health that de
scribes memory loss in the elderly not sufficient to warrant a
diagnosis of dementia. Hanninen reports studies showing
prevalence ofAAMI ranging from 34.5% to 38.4%, although
some researchers estimate that most individuals older than
50 are affected to some degree. 15 Criteria are based on a score
of one standard deviation below the norm in a standard
memory test. However, the data are normed on the mean of
younger adults, making the condition and the diagnosis con
troversial. 15
The most prominent structural theory of memory de
scribes three distinct types: sensory memory; short-term, or
primary, memory; and long-term, or secondary, memory.16
Sensory memory is the initial momentary memory in which
there is brief registration of the physical characteristics of
stimulus, such as pain with an injection. Short-term, or pri
mary, memory is a brief repository for conscious processing
of small amounts of information. Recognition of a street
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light changing from green to red is a result of primary mem
ory. Both of these types of memory are relatively unaffected
by aging. Changes that have been documented are of little
practical importance, given normal demands. 16
Long-term, or secondary, memory is the level in which
documentation of age-related decline is most prominent.
Providing for unlimited long-term retention of the informa
tion, secondary memory is responsible for analysis and or
ganization of information, for storage, plus future retrieval. 16
Recall seems to be the primary activity affected by aging,
with free recall being more involved than cured recall and
recognition-the "Why did I come into this room?" phe
nomenon. Older individuals may not recall why they walked
into the kitchen until the memory is cued by the sight of the
phone and the recollection that they intended to make a call.
While reduction in effectiveness is gradual, the most notable
transition of decline is between ages 50 and 70 years. Poor
performance with secondary memory tasks is caused by
multiple reasons as well as intervening variables. In some
memory theories, a tertiary level dealing with remote mem
ory has been described. Research in this area is minimal but
does not substantiate the common belief that older individ
uals are superior in remembering the past but inferior in re
membering the present.
Memory loss associated with the normal older person has
been termed benign senescent forgetfulness (BSF). Early stages
of a mental disorder may often be mistaken for BSF. How
ever, functional decline that is evident as the mental disorder
progresses is unique to dementia and is not present with
BSF. Therefore, physical therapists may have a crucial role in
differentiating between BSF and other mental disorders. BSF
is identified as a slowly progressive, mild impairment of cog
nitive functioning and is not severe enough to interfere with
daily activities. While still under investigation, BSF is cur
rently being viewed as a variant of aging that occurs in one
third of individuals older than 85.28
Another common, but inaccurate, belief is that the ca
pacity to learn new information declines with age. While
there is some evidence that age-related changes in learning
occur, problems inherent to the research limit interpreta
tion. These include comparisons across studies and multiple
factors that contribute to cognitive changes, response time,
interference of prior material, and retrieval. Also complicat
ing the research are isolating factors such as learning new
motor skills, sensory changes, cognitive reorganization of
material between stimulus and response, dividing attention
between several tasks simultaneously, and highly speeded
tasks. Despite these variables, the capacity for cognitive re
serve has been demonstrated in the older person. While
more limited than a younger person's capability to learn, the
ability exists in older persons to improve performance. 2

Intelligence
Age-related deterioration in intelligence is difficult to study
because of the cohort effects, generational bias of tools, and
selective attrition. While consistent longitudinal studies over
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many decades can eliminate some of these variables, there
still exist factors particular to one generation that are difficult
to eliminate. The measurement tools are not sensitive to the
variety of educational and cultural conditions that influenced
the current older person. Actual documented declines are
minimal and do not affect daily functioning. The Wechsler
Adult Intelligence Scale (WAIS) is the most common tool for
measuring intelligence. WAIS studies show that verbal and
performance scores peak by ages 18 to 30 and stabilize until
the mid-50s to early 60S.1 6 Based on data from the Seattle
Longitudinal Study, Hertzog and Schaie determined 55 to 70
years as the transition time from stability to decline in general
intelligence.!7 While decline in performance on many cogni
tive tests is evident, substantial decline in the older person is
generally limited to those older than 75. Performance skills
that are time-related and influenced by decrease in reaction
time tend to change more drastically than verbal skills. This
phenomenon is known as the classic aging pattern and is the
basis for age-graded intelligence quotient (IQ) scores.
The difference between fluid and crystal intelligence is
also relevant to understanding cognitive dysfunction in the
elderly. Fluid intelligence involves the capacity to use unique
kinds of thinking to solve unfamiliar problems and is be
lieved to decline with age. Crystallized knowledge, acquired
through education and acculturation, remains stable
through age 70. Creativity is often researched as a compo
nent of intelligence, with the assumption that declines are
universal with age. Clinically, this can be interpreted as
meaning, "If you haven't done it, forget ie' While some stud
ies suggest that creativity peaks by about 35 years, enough
exceptions exist to encourage patients to take on new chal
lenges and to personally keep us all inspired.!6 Additional
factors that must be considered are the lack of reinforcement
for creativity in old age and environmental issues, which
geriatric clinicians can positively influence.

functioning. 13 He concluded that executive functioning is an
important factor for self-reported and observed perfor
mance of complex, independent ADL, such as managing
money and medications. Intact executive functioning can
actually serve as a fall prevention measure by minimizing be
havior that jeopardizes safety despite motor or sensory im
pairment. Conversely, executive dysfunction should trigger
the therapist's awareness of the risk for fallsY

Personality
Stereotypical beliefs about personality development, such
as theories about stages of personality and an aged person
ality profile, are generally inaccurate. The best available ev
idence suggests that personality types remain fairly stable
throughout life. 16 Therefore, younger individuals who are
characterized by an internal locus of control or who believe
they have the ability to control the events in their lives will
continue to react accordingly as they age. Those who expe
rience a severe mid- to late-life crisis tend to react similarly
to the way they reacted to situations throughout life. Activ
ity also follows this model: elders who were active stay ac
tive. In his research on the trait theory of personality,
Hartke concluded, "consistency in personality is more the
rule than change in personality as one ages."J6 The change
that does occur is promoted as a continuation of individu
ality of the person. Traits that have been predominant will
continue to be influential as a person ages. Clinically, this
means patients who display a negative outlook about ther
apy have probably always had a negative attitude about a
variety of situations.
The area that does warrant additional exploration is per
sonality changes related to illness. Evidence is minimal that
specific changes do occur, but research itself is lacking. The
distinction between the influence of aging or the illness
process on personality is inconclusive, making any general
izations to aging inappropriate. 16

Executive Functioning
Executive functioning, or executive abilities, involves com
plex behavior that combines memory, intellectual capacity,
and cognitive planning. Activities of executive functioning
include planning, active problem-solving, working memory,
anticipating possible consequences of an intended course of
action, initiating an activity, inhibiting irrelevant behavior,
and being able to monitor the effectiveness of one's behav
ior.13 Working memory is the core of executive functioning
and incorporates complex attention, strategy formation, and
interference control. There is evidence of a mild decline of
executive functioning with normal aging; however, this de
cline is greater when a neurological disorder, such as a cere
brovascular accident (CVA) or dementia, is also present. Ex
ecutive function is measured by the Minnesota Mental State
Exam (MMSE) and the Behavioral Dysfunction Scale.
The interesting aspect of executive functioning is its rela
tionship to motor function. Grigsby studied the contribu
tion of executive cognitive abilities and ADL to executive

DIFFERENTIAL DIAGNOSIS

Diagnostic Criteria
The fourth revised edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-R) of the American
Psychiatric Association provides a universal reference of di
agnostic criteria for cognitive disorders. When there is no
reference to an etiological condition, the cognitive disorder
is classified as a mental symptom. Delirium, intoxication,
withdrawal, and dementia are the most common mental
symptoms. A mental disorder designates a mental symptom
for which the etiology is known or presumed and is charac
terized by a "psychological or behavioral abnormality associ
ated with transient or permanent dysfunction of the brain."!
Therefore, a patient is correctly diagnosed as having a men
tal disorder by the presence of an organic mental syndrome
plus the presence of an organic factor etiologically related to
the decline in mental function.
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Delirium and dementia characterize patients as having
global cognitive impairment as opposed to select dysfunc
tion. Differential diagnosis between delirium and dementia
is often difficult, because one may be superimposed on the
other. Impairment in sensorium or level of consciousness is
the distinguishing feature of delirium. 22 Specific features of
delineating delirium, depression, and dementia are de
scribed in Table 9_1. 22 Dementia cannot be accurately diag
nosed in the presence of delirium; in order to have a co
existing diagnosis, it would be necessary for the dementia to
have been identified prior to symptoms of delirium.
There is no specific course or pattern for mental symp
toms. When associated with a specific episode of a neuro
logical disease, onset may be sudden but remain stable. This
may be in contrast to a gradual onset with a progressive
course of involvement, such as that found in patients with
dementia of the Alzheimer type. In some cases, onset may be
gradual, such as an organic brain tumor. In this case, symp
toms may subside with treatment.

Dementia
The DSM-IV-R describes dementia as a group of disorders
characterized by the development of multiple cognitive
deficits. The contributing factors may be physiological ef
fects of a medical condition or the effects of a substance.
The essential feature of dementia is impairment in short
and long-term memory, associated with a decline in ab
stract thinking, judgment, and other disturbances of
higher cortical function. These factors must be severe
enough to interfere significantly with work, social activi
ties, or relationships with others. Memory is the most clas
sic feature, with retaining the ability to perform new tasks
showing greater decline than remembering remote mater
ial. As the case progresses, both recent and remote memory
may be affected, with the person reaching the stage in
which recognition of familiar people is impaired. Disorien
tation may be missed early on, because the individual will
attempt to compensate for the loss. Disorganized thinking

is apparent in the person's inability to follow directions or
tolerate changes in routine. 1
A 25-year time trend study looked at the incident of de
menting illness. 19 While the results supported an increasing
incidence of dementing illness among the elderly, the study
was not balanced among all groups, and environmental fac
tors could have contributed to the results. The awareness of
the public and the medical community may have led to the
diagnosis and identification of individuals whose cognitive
decline might have been erroneously attributed to "old age:'
The primary increase was noted in primary degenerative de
mentia of the Alzheimer type (DAT), with a decrease in de
mentia due to unknown causes.
Making an accurate diagnosis of dementia requires that
the practitioner understand the normal process of cognitive
changes with aging. Although research on cognitive changes
associated with normal aging is not definitive, a diagnosis of
dementia is applicable only when there is demonstrable evi
dence of memory impairment and other features to the de
gree in which there is interference with social or occupa
tional function. One characteristic of dementia is the decline
in intellectual functioning from a previous level; therefore,
knowing a person's baseline cognitive ability is essential.
Unfortunately, clinical assessment of premorbid cognitive
function is not always possible and is complicated in the el
derly when family input is unavailable. Consideration of ed
ucational, occupational, and socioeconomic levels can pro
vide information in determining a previous level, but often
the clinician must piece together a picture of the individual's
prior status. Irreversible dementia disorders cluster into sev
eral categories, with primary neuronal degeneration of the
Alzheimer type and multi-infarct dementia being the most
common. In a study of dementia mortality, Lanska found
that only 4% of those in their last year of life did not receive
facility based care, the majority being in skilled- or interme
diate-care-nursing facilities. Although dementia was present
in those studied, it was not responsible for the deaths; how
ever, it certainly affected the quality of life in their last year. 21

TABLE 9-1

COMPARATIVE FEATURES OF DELIRIUM) DEMENTIA) AND DEPRESSION

Definition
Core symptoms
Common associated
symptoms
Temporal features
Diurnal features

DELIRIUM

DEMENTIA

MAJOR DEPRESSION

Impaired sensorium (reduced
level of consciousness)
Inattention, distractibility,
drowsiness, befuddlement
Cognitive impairment, hallucina
tions, mood lability
Acute or subacute onset
Usually worse in the evening and
night

Global decline in cognitive capacity
in clear consciousness
Amnesia, aphasia, agnosia, apraxia,
disturbed executive functioning
Depression, delusions, hallucina
tions, irritability
Chronic onset, usually gradual
No clear pattern

Disturbance in mood, with associated
low vital sense and low self-attitude
Sadness, anhedonia crying

From Lyketosos CG: Diagnosis and management of delerium in the elderly. !COM 1998; 5(4): 54.

Fatigue, insomnia, anorexia, guilt,
self-blame, hopelessness, helplessness
Episodic subacute onset
Usually worse in the morning
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DAT, accounting for 60% of those with dementia, is the
category of organic mental disorder for individuals with
Alzheimer's disease. A definitive diagnosis is usually made
postmorbidly through autopsy. However, the trend is
shifting from a diagnosis of inclusion rather than exclu
sion, as evident in a consensus statement sponsored by the
Alzheimer Association, the American Geriatrics Society,
and the American Association for Geriatric Psychiatry. 10
DSM-N diagnostic criteria recognize memory impair
ment as the cognitive deficit required for diagnosis. The
memory loss is accompanied by aphasia, apraxia, or dis
turbance in executive functioning. McKhann and col
leagues published clinical criteria that have been widely
adopted for the probable diagnosis of Alzheimer's dis
ease. 25 Their criteria include typical insidious onset of
progressive dementia that is not caused by any other dis
ease and has produced memory loss and cognitive decline.
Heredity does playa role but seems to be a separate classi
fication, accounting for only a minority of cases. Inherited
episodes are characterized by early onset with symptoms
beginning about age 50.10 While genetics may playa strong
role, the contribution of a family history overall continues
to be studied. Classification by subtypes is possible with
the identification of the presence of delirium, delusions,
or depression; contribution of family history; rapid or
slow progression; and early or late onset. 7
Diagnosis is difficult in the early stages, because the indi
vidual may present very well socially with no physical ap
pearance of a problem. The relationship of education and
occupational level to dementia is often studied. 35,40 It has
been hypothesized that advanced education and high occu
pational experience create a reserve against the manifesta
tions of DAT-the theory being that educational and occu
pational attainment may provide a reserve that allows an
individual to cope longer before a positive diagnostic crite
ria are apparent. This makes an early diagnosis even more
difficult. Stern considered these two factors simultaneously
and found that the risk of DAT was greatest in the group
with both low education and low occupation levels. When
the clinical severity was constant, the decline from premor
bid levels was greater in those with more education. 3s
Forgetfulness is often the first characteristic expressed
subjectively by the individual and not evident on clinical as
sessment. Memory impairment as demonstrated by diffi
cultywith acquisition of new information is the first obvious
symptom. The actual loss in the process of memory involves
poor encoding and retrieval and poor recognition recall. The
course of the disease is usually divided into stages, with the
middle stage being identified by cognitive deficits that are
quite obvious, such as intellectual decline and language dis
turbance. Premorbid personality and behavior changes oc
cur along with the cognitive decline, presenting a very diffi
cult situation for family members. Awareness of the
cognitive decline is often accompanied by depression. In the
late stage the person is incapable of self-care, often becom

ing mute and inattentive. Research shows that physicians of
ten overlook dementia of this type, even in patients with
whom they are familiar. 8
Behavioral problems are also evident in the clinical pre
sentation, although there are minimal empirical data to
support the clinical observations of behavioral problems
associated with the cognitive deficits of persons with DAT.
Teri and colleagues surveyed 55 families who had a mem
ber with irreversible dementia, including 600/0 with DAT, in
order to identify the "biggest problem" of patient care.,7 In
a list of 22 behaviors, more than half the care-givers de
scribed four problems: memory disturbance, catastrophic
reactions, suspiciousness, and making accusations. Clarifi
cation of the associated behavioral problems and associ
ated cognitive and functional factors were also investigated.
Results showed that the most common patient problems
were cognitively oriented memory loss (84%), confusion
(82%), and disorientation (64%). The next most common
problems reported by more than 20% of the participants
were related to activity and emotional distress, decreased
activity, loss of interest, tension, apathy, depression, and
bodily preoccupation. Despite these results, there was no
support for a relationship between overall cognitive im
pairment and behavioral problems in patients with compa
rable cognitive impairments. The association between rate
of decline and various health and behavioral factors was
studied to determine the influence on deterioration. While
the results indicated that there was an association between
some factors and rate of decline, the progression of the dis
ease is variable.%

Multi-Infarct Dementia
The DSM-IV-R classifies multi-infarct dementia as an or
ganic mental disorder, with the essential feature being cere
brovascular disease. The cognitive disorder is the result of
the additive effects of small and large infarcts that produce a
loss of brain tissue. Deterioration is select, with some func
tions left completely intact. While th~ location of the infarc
tion is relevant, predicting the exact course of the mental
dysfunction based on site is often misleading. This may be in
part because multiple strokes have occurred, obstructing a
clear attribution of the deficit to a particular lesion. Com
mon disturbances include problems with memory, abstract
thinking, judgment, impulse control, and personality. Three
forms of multi-infarct are most common: large vessel dis
ease, strokes, and multiple microcerebral infarcts.8 While the
clinical presentation may resemble some features of
Alzheimer's disease, the signs of abrupt onset, step-by-step
deterioration, fluctuating course, and emotional lability are
specific to multi-infarct dementia.!

Reversible Dementia
Dementia was once regarded as a permanent, irreversible,
and progressive disorder. It is now known that many cases of
dementia are not related to an irreversible pathology of the
central nervous system but to a cognitive disorder that can
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be treated. Estimates show that 10% to 30% of those pre
senting with dementia symptoms can be treated to correct a
metabolic or structural condition, also resulting in restora
tion of intellectual function. 28 Without investigating the po
tential medical causes of dementia, a true diagnosis cannot
be made. Several of the conditions that can mask the diag
nosis of a reversible dementia include drug complications;
infectious diseases; nutritional, psychiatric, and metabolic
disorders; and trauma. Change in cognitive status secondary
to drugs is possibly the most common cause of reversible de
mentia. The complication may be a result of drug-drug in
teraction either from self-medicating or inattentiveness by
the physician on the drug combinations being prescribed.
Because of the multiple medical problems of the elderly,
there may be several physicians involved in the person's care,
each being unaware of the medications prescribed by the
other. Psychosocial factors such as depression, social isola
tion, anxiety, grief, or communication disorders can also be
manifested by a decrease in cognitive function. Without ex
ploration of other factors, a misdiagnosis of irreversible de
mentia is possible.
Data are limited in documenting a relationship between
increased incident of dementia and psychosocial factors
such as bereavement, isolation, relocation, stress, or life-style
changes. 41 However, once dementia is documented, there is
evidence that environmental and psychosocial variables do
have an impact on severity and progression. Factors may in
clude inadequate stimulation, diet, and medical care.

Pseudodementia
The relationship between depression and dementia presents
a complicated diagnostic picture in the elderly. Although de
mentia is an organic disorder with cognitive disturbance as
the main symptom and depression is an affective disorder,
cognitive deficits ,caused by depression simulate dementia. I!
Pseudodementia is the term used when dementia-like behav
ior is actually the result of a major depressive episode. Char
acteristics of depression, sometimes estimated as affecting
25% of the older population to some degree, include psy
chomotor retardation, flattened affect, and disinterest in
events around them. Patients presenting in this fashion
could be labeled as having a decline in mental ability simply
because they do not have the interest in answering questions
intended to establish a cognitive leveL Also termed dementia
syndrome ofdepression, the presenting symptoms of memory
impairment-decline in intellectual function and poor per
formance on mental status examinations-can be diagnosti
cally confusing. A comparison of depression in demented
and non-demented population showed a greater incident in
those with dementia (11.8% to 3.9%, respectively). DSM-IV
depression criteria that were more commonly found in the
demented group were lack of energy, thinking! concentration
difficulties, loss of interest, and psychomotor disturbance.
Of note to rehabilitation professionals is the fact that dis
ability in daily life was the only variable associated with both
the demented and non-demented group. Since the two COn
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ditions can co-exist, there is a contemporary trend not to use
the term pseudodementia, which may imply that the indi
vidual must be either depressed or demented but not both. 14
Although persons with dementia or depression may pre
sent similarly, observation of behavioral characteristics is re
vealing. Even though depressed patients may respond to
testing in a slow, labored manner, they are aware of content
and provide accurate responses. 39 Those with true dementia
are unable to produce the correct response, even when they
are pressed for an answer. Dysphoria is a distinguishing
characteristic in depression, as evident in profound sadness,
apathy, and feelings of helplessness and hopelessness. Social
contact and activity are lessened, and a low self-esteem and
an increase of self-blame are present.
A study by Pearson and colleagues examined the relation
ship between depressive diagnosis and cognitive and func
tionallimitations in DAT patients. 29 They found that depres
sion did affect functional status beyond the effects of
cognitive impairment. Therefore, if depression is an overly
ing condition, functional status may improve with successful
treatment of the depressive episode. A trial regimen of anti
depressants may provide information for a clear diagnosis. If
the mood improves as the depression is resolved, cognitive
function will return to pre-depressive leveL Should the indi
vidual continue to display characteristics of decline in men
tal ability, then investigation for dementia would be initi
ated. Some evidence exist that depression in the elderly is a
predictor or possible causal factor of dementia. s Therefore, a
diagnosis of pseudo dementia may still be related to an even
tual onset of dementia.
Given change in functional status, involvement of the
physical therapist is appropriate. The focus will not only be
on physical training but on monitoring the cognitive orien
tation to therapy. Since improvement in functional activities
requires aspects of cognition such as attention and memory,
the therapist may be the primary practitioner to note decline
or improvement in mental function.

Anxiety
Because of the number of stressful situational changes that
occur as one ages, anxiety-type behavior may be more com
mon than it is in a person's younger years. Early stage de
mentia can be a cause of anxiety as the person becomes aware
ofhis/her deteriorating mental capacity. If the dementia is re
lated to organic causes, a diagnosis of organic anxiety syn
drome may be appropriate.! Common diseases in the older
person that may be the etiological cause of an anxiety syn
drome include pulmonary embolus, chronic obstructive pul
monary disease, and alcohol withdrawal. According to the
American Psychiatric Association, the primary diagnostic
criterion is prominent, recurrent panic attacks or generalized
anxiety with evidence of specific organic factors related to the
disturbance. Anxiety disorders have a similar symptomatic
picture as presentation to an anxiety syndrome but without
similar etiology. In the elderly, situational factors such as re
location may precipitate an anxiety disorder.
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As a result of the multiple changes in later life, the older in
dividual's ability to cope may influence behavior. Coping
styles are closely related to personality styles, developed
throughout life as one confronts challenges and changes.
Stress is often the by-product of factors and situations oc
curring later in life. Although the stresses may occur more
frequently, there is no indication that the ability to cope with
stressful events declines with age. Economic, health, and so
cial resources may be minimized with old age and therefore
compromise the individual's ability to deal with stressful life
events. However, if all is constant, the notion of declining
ability to cope in later life has not been validated.
Given pain as a major stress for many older persons, Keefe
and Williams were prompted to conduct a comparison study
of coping strategies for different age-groups. 18 Results
showed that chronic pain patients of different ages tend to
rely on similar coping strategies to deal with pain and rate the
effectiveness of their pain in a similar fashion. Those who
used a catastrophizing or an emotional non-participatory re
action had higher levels of pain and psychological distress,
whereas those who indicated a high ability to deal with the
pain reported lower levels of pain and depression. Given the
lack of differences in coping strategies, a study by Middaugh
and colleagues concluded that there is no reason why older
persons would not be good candidates for chronic pain pro
grams, because they were able to benefit as much as younger
patients. 27 Subjects showed decrease in level of pain and the
ability to enhance functional activity regardless of age.

ASSESSMENT
There are no neurodiagnostic procedures or electrophysiolog
ical techniques that unequivocally confirm the presence of
primary degenerative dementia. Therefore, diagnosis is often
made on clinical grounds. 4! Because of the number of indi
viduals with possible cognitive deficits in long-term-care fa
cilities and home care, there is a need for a rapid bedside as
sessment tooP2 One commonly used instrument is the
Pfeiffer Short Portable Mental Status Questionnaire, which
contains 10 questions and can be used to screen for moderate
to severe cognitive impairment. 3 ! The Mini-Mental Status Ex
amination (MMSE) seems to be the most accepted of the brief
standardized tests, providing the most information in the
greatest number of domains. 10,23 In addition, the MMSE pro
vides specific norms for older adults. 3 The MMSE is viewed as
a screening tool rather than a diagnostic tool, and a score of
less than 24 out of the 30 possible points indicates cognitive
impairment, warranting evaluation by a physician. Since there
are various parts of the examination, the total score may iden
tify a cognitive deficit but does not provide information on
the specific area of loss. Individualized scores of the examina
tion sections provide a better picture of the nature of the de
cline. The first part of the examination measures orientation.
Serial sevens, one of the components of the MMSE, if
done correctly, suggest that cognitive function is good.

However, the task when failed is nonspecific, given the fac
tors such as education or poor calculation skills that can in
fluence the outcome. The recent memory or recall section is
essential in assessment for dementia, especially in relation
to functional activities. Odenheimer suggests that the one
cognitive domain neglected is "executive control" or "inten
tion;' which measures stick-to-itiveness, goal setting, and
flexibility.28 Since functional independence depends on the
ability to move from one task to another, it can be assessed
by asking the patient to copy a figure that alternates in form
or list items in a grocery store for 1 minute.
The MMSE and the Blessed Orientation-Memory-Test
(BOMC)4 are both bedside tools that have excellent test
retest reliability. They are used for identifying cognitive dis
abilities and in describing changes in mental status over
time. Other advantages are the simplicity and clarity of the
instruments, which are important because of the care-givers'
minimal training in nursing homes. 42 Criticisms of these
tools include limited ability to provide specific neurobehav
ioral descriptions as compared with more extensive tests and
neglect of nonverbal functions, making them non-multidi
mensional.'2 Therefore, they have been reported to be vul
nerable to high false-negative rates. Given these problems,
the tests' wide utilization is based on the tests' ability to dis
criminate between different diagnostic subgroups, related to
severity and course of dementia and reliability when applied
in nursing home settings.
When comparing the BOMC and the MMSE, Zillmer and
others found that the MMSE may be more useful since it
identifies more than one mental process. 42 The studyem
phasized that brief mental status examination should be
confined "to measuring limited dimensions of mental
processes." Results of the study concluded that the BOMC
and MMSE are appropriate tools if "primarily interpreted as
measures of memory, attention, and limited (i.e., highly
stereotyped) linguistic facility:' They counseled against
broader interpretation.
The cognitive deficits that the practitioner is trying to test
create problems in the testing procedure, given the memory
problems and impaired awareness of deficits. An informant
based scale was assessed by Koss and found to be a valid
proxy of laboratory measures of memory and cognition. 10
The care-givers' perceptions of the individual's memory
ability were closely related to the individual's performance
on clinical measures.
Once a diagnosis is made, the interest of the rehabilitation
professional lies with the functional status of the person. The
Structured Assessment of Independent Living Skills (SAILS)
was developed to measure the functional abilities of patients
with dementia. The focus is on activities of daily living that
are commonly affected in individuals with a dementia diag
nosis. 24 Tasks instructions are straightforward and can be
demonstrated, thereby accounting for problems encountered
with batteries designed for a general population. Although
the assessment identifies potential independent living skills,
the question of utilization of the capabilities was not an
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swered. The authors acknowledged the patient's motivation,
care-giver availability, and environment will be influential.

THERAPEUTIC MANAGEMENT
Although the treatment goal of maximizing functional inde
pendence is consistent with the goals for patients without
dementia, there are special considerations when treating an
older person with a cognitive disability. Rehabilitation po
tential for individuals with cognitive dysfunction was con
sidered to be minimal according to the early literature. 38 The
features of dementia that most influence the rehabilitation
process are memory decline and the difficulty or inability to
learn new material. Since therapy is viewed as a teaching
process, these features of dementia may be perceived as ma
jor obstacles to successful outcome. In addition, physical
therapy reimbursement for persons with a dementing dis
ease is often questioned based on the perceived inability to
follow a treatment plan. Research now demonstrates that the
presence and severity of cognitive status should not elimi
nate a patient from rehabilitation. 38 Therapists must modify
treatment methods and goals in relation to the limitations of
the cognitive disability, but therapy should not be denied
based on mental dysfunction. Reassessment of progress in
relation to treatment goals may be necessary on a more fre
quent basis, given the inconsistent pattern of mental deteri
oration.
The initial step in planning a therapeutic program is to
determine the exact nature of the cognitive dysfunction. The
screening tools discussed can be utilized for a global picture
of the condition. If available, a neuropsychological assess
ment with consultation by a psychologist will provide addi
tional information to delineate the deficit. The attempt is to
clearly define specifics of the memory loss or other disabil
ity. Then the treatment can be modified, such as using one
step consistent commands or providing cues. The approach
to teaching is to avoid criticism; use consistent, simple com
mands; give sensory cues: demonstrate; and allow the person
to rest. 23 Learning should be approached in a simple, repeti
tious manner, often requiring cooperation from the family
or nursing staff for consistency in the approach and direc
tions for the individual.
The patient's physical disability may be part of the same
disease that has caused the cognitive impairment, such as a
cerebrovascular accident. In other cases the two components
are separate, such as the patient with Alzheimer's disease
who suffers a hip fracture. In either case the therapy assess
ment and treatment program must be modified to accom
modate the mental dysfunction. A physical therapy evalua
tion technique such as manual muscle testing may not be
valid with an individual who is inconsistent in following di
rections. Modification to accommodate the mental limita
tion may result in a generalized assessment of strength doc
umented as "voluntary motion noted in extremities; unable
to grade specifically secondary to inconsistency following di
rections." Muscle testing procedures are not familiar tasks to
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most people, which therefore necessitates learning that can
be difficult for a person with dementia. While strength can
be assessed and reported, the approach is modified in rela
tion to the limitations of the mental symptoms.
The orthopedic patient with DAT and a lower extremity
fracture presents an example of a need to alter the treatment
program. A physician's order for gait training and partial
weight-bearing with a walker is inappropriate for a person
with dementia symptoms. Given the memory limitations
caused by dementia, the patient will probably not be able to
understand and remember the weight-bearing status nor
conceptualize the mechanics of using the walker. Therefore,
the physician must be consulted to change the status to ei
ther full- or non-weight-bearing status. If the dementia is
severe enough, gait training may be postponed until the pa
tient is able to walk without the use of an assistive device that
may be too complicated to comprehend. Exercise for those
with a cognitive deficit may be modified, with the focus on
following the therapist's demonstration rather than the ex
pectation of an independent program. Likewise, self-range
of motion for a cognitively impaired person with hemipare
sis is better accomplished through function rather than at
tempting to teach a new activity. Skills and activities that oc
curred daily before the onset of the mental decline such as
eating, walking, or dressing can usually be relearned with a
higher degree of success than introduction of a new skill.
Manipulating the patient's environment is often more
successful than attempting to teach the person techniques to
compensate for cognitive loss. Items and surroundings that
are familiar minimize the impact of memory deficit, allow
ing the person to perform routine daily activities by rote
without having to problem solve. The emphasis on the envi
ronment includes safety as a valid factor in the therapeutic
program. Failure to recognize and react to hazards become
major considerations in the person's ability to remain in an
unsupervised situation. Since confusion is often an issue,
protection of the patient is part of the treatment program.
Because control of the environment seems to help with
the person's confusion, many facilities have developed de
mentia units that emphasize a structured, low-key environ
ment with consistent staffing. 12 The focus is on safety, spe
cially trained staff, admission criteria, physical design, and
activity schedules. 30 Management is facilitated by reinforcing
the environment with' constant reminders to orient them to
time, the place, and care-giver identity. Glickstein and
Bottorf have presented suggestions for modifying the home,
hospital, or day-treatment area with the goal of function at
the highest level of independence. 12
Care-Giver Issues
The health professional must address not only the patient's
environment but also available support systems and family
situation in order to implement an individual plan of care. 12
Education and training for the care-giver are essential since
management of the patient is heavily dependent on the fam
ily support and coping resources.
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Cognitive function of the care-giver, especially depres
sion, is often related to the function of the patient and there
fore a relevant issue for the therapist. A multivariate analysis
by Meshefedjian showed behavioral disturbance and ADL
impairment in patients to be associated with depressive
symptoms in care-givers. 26 The relationship was strongest
for spouse care-givers, followed by children care-givers. Fur
ther investigation of spouse involvement with Alzheimer's
patients reveals wife care-givers experiencing greater degree
of negative psychological well-being than husband care
givers. 34
The therapist's awareness of the potential for care-giver
mental health problems is the first step. Identification of
warning signs such as care-giver denial, anger, depression,
exhaustion, or health problems should be a call for action by
the therapist to avoid a complex situation. Some stress can
be avoided by educating the care-giver on the limitations of
the patient. This should minimize unrealistic goals that are
translated into demands on the patients, resulting in failure,
frustration, and sometimes behavior problems. The thera
pist can assist in identifying patient activities that can be per
formed successfully without failure. Although thel;'e is no
conclusive data, several studies have attempted behavioral
and education interventions to decreased care-giver stress. 6
Identification of community support groups for the care
giver should be part of the treatment plan, offering an op
portunity for education and emotional assistance.

I,.,

Case Study
JD was an 84-year-old male living at home with his 72-year
old companion. Also living in the home was the patient's 17
year-old nephew and the nephew'S pregnant 16-year-old
girlfriend. According to the family, JD had been fine until he
fell and fractured his left hip. After a total hip replacement,
JD was placed in a nursing home for rehabilitation. Physi
cian's orders were for physical therapy; transfer and gait
training; and partial weight-bearing on the left. Upon initial
evaluation the therapist found the patient to be very con
fused. He was unable to identify family members and was
not orientated to time or place, with minimal awareness of
the restrictions of his injury. Consultation with the family
revealed that JD was fine before the fall, with some signs of
"getting old" but much more aware than what was he was
presently displaying. The therapist modified the treatment
program to accommodate the cognitive status, including uti
lization of an adductor cushion to prevent dislocation and
allowing no weight-bearing until the patient could follow
partial weight-bearing limitations. The therapist considered
post -surgical confusion as a possible reason for the cognitive
dysfunction. When the mental function only slightly im
proved in the next few days, the therapist scheduled an in
terview with the individuals living with JD in his home.

As an introduction for the family, the therapist explained
that she was interested in JD's ability to perform daily activ
ities before the accident. She told them that "just getting old"
is usually not the reason for individuals to change the way
they function, that most people who experience normal ag
ing have minimal changes in their memory, personality, or
intelligence. With questioning, those interviewed recalled
that JD had become more forgetful about 2 years ago. He be
gan to get lost while driving, only to be returned by a neigh
bor in the small farming community. The animals were ne
glected, as JD either fed them five times a day or not at all for
several days. When he forgot repeatedly to milk the cow, the
nephew moved in to help out with the chores. In the last 6
months the family reported that they had to answer the
phone, because people outside the family were unable to un
derstand JD when he talked. JD had also become very suspi
cious of the neighbors, accusing them of taking down his
fence. After the interview, the therapist conducted an
MMSE. JD scored 15 out of 30, with low scores on the ori
entation and memory portion. Based on the presenting cog
nitive function, history as revealed by the family, and MMSE
score, JD was referred to a psychologist for testing to rule out
dementia of the Alzheimer type.
To maximize the therapy sessions, JD's treatment pro
gram was modified to accommodate the cognitive dysfunc
tion. The physician was consulted regarding the difficulty of
maintaining partial weight-bearing status and agreed to al
low the patient to bear weight to tolerance if a wheeled
walker were used. This allowed the patient to transfer with a
modified standing pivot method and to begin gait training.
The family was involved in therapy, as JD continued to re
spond to instructions when a familiar person was present.
They also were instructed in simple exercises that theyen
couraged JD to do whenever they visited. This modification
in the treatment plan compensated for JD's inability to com
ply with an independent exercise program. As the family was
very vested in JD's returning to his prior living situation, a
home assessment was conducted with resultant suggestions
on safety, precautions for danger when wandering, and cues
to minimize the effects of the memory loss. Family concerns
were also addressed by explaining Alzheimer's disease, which
had been confirmed by the consultant, and the effects on the
living situation and the family members. After an extended
therapy period due to the dementia, JD reached treatment
goals of independent ambulation and transfers. He returned
home, with supervision as a safety precaution.

SUMMARY
Within the elderly population the probability of cognitive
dysfunction increases with age. While affecting only a small
percentage of the population younger than 80 years, cogni
tive dysfunction must be considered by therapists who treat
older individuals. Dementia is the most common mental
dysfunction, with a varied symptomatic picture, depending
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on the type. With healthy aging, there are some changes in
memory, intelligence, and personality. However, such varia
tions do not interfere with daily relationships or function.
Knowledge of normal aging as related to mental function al
lows the practitioner to recognize abnormal changes and
plan an appropriate therapy program.
Memory impairment is the primary feature of dementia.
Some forms of dementia are reversible. Therefore, the physi
cal therapist must investigate the etiology to make appropri
ate treatment recommendations. Dementia of the Alzheimer
type is the most common of the irreversible categories, with
multi-infarct dementia also often diagnosed in the elderly.
Depression may mimic dementia, although it is now thought
that the two conditions can co-exist. Pseudo dementia is an
often-used term when dementia-like symptoms are elim
inated with successful treatment of depression. Assessment of
cognitive status can be accomplished by several brief stan
dardized examinations. Since there are no procedures that
definitively confirm dementia, clinical symptoms are often
used for diagnosis. While the brief tools can be for screening
purposes, referral to a psychologist or physician may be
appropriate for a more comprehensive assessment.
Although the focus is the same-maximizing the individ
ual's functional independence-the treatment for patients
with a cognitive disorder is different than for patients with
out cognitive impairments. Teaching is an essential element
of physical therapy; therefore, memory loss will influence
progress and the instructional approach. Awareness of the
limitations imposed by cognitive dysfunction should result in
modification of the treatment program, including focus on
care-giver well-being. The baseline is the therapist's under
standing of the cognitive aspect of aging, both normal and
abnormal. Patients with cognitive disabilities can benefit
from therapy and should have the opportunity to remain as
functional as possible with the intervention of knowledgeable
physical therapists.
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with it, common treatment approaches, and modifications
of the physical therapist's treatment plan that are appropri
ate for the depressed elderly patient.
CHARACTERISTICS AND ASSESSMENT OF
THE DEPRESSED OLDER PERSON

Characteristics of the Depressed Person
Most people think of the predominant characteristic of de
pression as depressed mood, i.e., feelings of sadness, hope
lessness, and loss of interest and pleasure in previously plea
surable activities. Although these emotions are a key feature
of depression, experts agree that for depression to be a psy
chopathology or a "clinical depression;' other characteristics
must also be present. These include cognitive problems such
as difficulty concentrating, memory complaints, slowed
thinking, indecisiveness, and perceived lack of competence
and control. Feelings of low self-esteem, worthlessness, de
creased motivation, apathy, and excessive guilt also may be
present. The depressed person has difficulties with interper
sonal interactions, including withdrawal from family and
friends and neglect of previously pleasurable activities. Fi
nally, depression includes somatic symptoms such as prob
lems with appetite, sleep, and psychomotor function. The
disturbances of appetite usually involve loss of weight but
may involve excessive eating. Insomnia and early morning
wakening are the most common sleep disturbances, but hy
persomnia may also be demonstrated. Psychomotor func
tioning is usually retarded but may be agitated.
To help standardize the diagnosis of depression and the
terminology associated with it, the Diagnostic and Statistical
Manual of Mental Disorders, ed. 4 (DSM-IV) of the Ameri
can Psychiatric Association describes specific criteria for var
ious diagnoses of mood disorders that are generally ac
cepted.' The two diagnoses that are important to this
discussion of depression in the elderly are Major Depressive
Episode and Adjustment Disorder With Depressed Mood.

INTRODUCTION
Depression is the most common psychological problem in
the elderiy.15,52,63 While this is also true in other adult age
groups, depression remains a significant problem encoun
tered by professionals working with the elderly. Although
depression is commonly neglected in the elderly, it is actually
quite treatable. 15,2' There are many causes of depression;
however, in the elderly one factor that is commonly associ
ated with depression is loss of health. The stress of physical
illness that may be associated with physical disability, pain,
and life-style changes can result in the psychological re
sponse of depression. Conversely, depression can dramati
cally affect the response of the elderly patient to rehabilita
tion. The hopelessness, apathy, and withdrawal of the
depressed person make rehabilitation a challenge. While as
sessment and treatment of depression are the responsibility
of other health professionals, they constitute a problem that
physical therapists must deal with frequently. This chapter
reviews the characteristics of depression, factors associated

161

162

J.~

~}

p.

:1

Ji
~I
~~
.~
.~

~~

."-.
~~

Part Two

PRINCIPLES AND CONCEPTS OF ASSESSMENT

According to the DSM-IV the criteria for major depressive
episode are either depressed mood or loss of pleasure in all
activities and associated symptoms for a period of at least 2
weeks, as outlined in Box 10-1. These symptoms must be a
change from previous functioning and relatively persistent.
The associated symptoms include significant weight loss
when not dieting or weight gain, insomnia or hypersomnia,
psychomotor retardation or agitation, fatigue or loss of en
ergy, feelings of worthlessness or excessive or inappropriate
guilt, diminished ability to think or concentrate, and recur
rent thoughts of death, suicide ideation, or a suicide attempt.
The person must exhibit at least five of all these symptoms
to be diagnosed as having a major depression. The symp
toms must cause significant distress or impairment in social,
occupational, or other important areas of functioning.
Adjustment disorder with depressed mood is a subcate
gory of adjustment disorders in the DSM-IV? Adjustment
disorders are maladaptive reactions to an identifiable psy
chosocial stressor that occur within 3 months of the onset of
the stressor. The clinical significance of the reaction is evi
denced by impairment of social or occupational functioning
or by marked distress that is in excess of a normal and ex
pected reaction. In an adjustment disorder with depressed
mood the predominant symptoms are a depressed mood,
tearfulness, and feelings of hopelessness. For example, a di
vorce may cause a person to have a depressed mood. This re
sponse would be classified as an adjustment disorder with

Major Depressive Episode
1. Depressed mood*
2. Markedly diminished interest or pleasure in all, or almost all,
activities
3. Weight loss or weight gain when not dieting or decrease or in
crease in appetite
4. Insomnia or hypersomnia
5. Psychomotor agitation or retardation
6. Fatigue or loss of energy
7. Feelings of worthlessness or excessive or inappropriate guilt
8. Diminished ability to think or concentrate or indecisiveness
9. Recurrent thoughts of death, recurrent suicidal ideation, a sui
cide attempt, or a specific plan for committing suicide

Adjustment Disorder with Depressed Mood
l. Emotional or behavioral symptoms in response to an identifi

able stressor(s) occurring within 3 months of the onset of the
stressor(s).
2. Clinically significant symptoms or behaviors as evidenced by:
a. Marked distress that is in excess of what would be expected
from exposure to the stressor
b. Significant impairment in social or occupational functioning
'Criteria: At least five of the following symptoms present during a 2-week pe
riod and represent a change from previous functioning. One of the symptoms
must be either (l) depressed mood or (2) loss of interest or pleasure. (Adapted
from American Psychiatric Association: Diagnostic and SMtistical Manual of
Mental Disorders, ed. 4. Washington, DC, American Psychiatric Association,
1994.)

depressed mood if the person's social relationships or job
was affected. The depression response must be considered to
be excessive. If the disturbance lasts fewer than 6 months it
is classified as acute; the term chronic is used if the distur
bance lasts for 6 months or longer.
Physical therapists may encounter two other classifica
tions within the DSM-IV: Mood Disorder Due To A Medical
Disorder With Depressive Features and Dysthymic Disorder.
In a mood disorder due to a medical disorder there must be
a prominent and persistent disturbance in mood that causes
significant distress or impairment in social, occupational, or
other functioning and evidence that the disturbance is the
direct physiological consequence ofa general medical condi
tion. An example would be a patient classified as having
Mood Disorder due to Hypothyroidism, with Depressive
Features. Dysthymic disorder requires a depressed mood for
most of the day, for more days than not, for at least 2 years.
At least two of the associated symptoms of a major depres
sive episode must also be present, e.g., poor appetite, insom
nia, low energy, low self-esteem, poor concentration, or
hopelessness.
When reading the numerous books and articles available
on depression, the reader may become confused by the var
ied terminology that is sometimes different from that in the
DSM-IV just outlined. For example, some authors will use
the term endogenous depression,which is similar to a major
depressive episode. Similarly, the term reactive, or secondary,
depression is similar to an adjustment disorder with de
pressed mood. Finally, the term dysphoria is sometimes used
to describe a milder depression characterized only by de
pressed mood or unhappiness. The term depression may be
used to represent any point on this continuum from unhap
piness to a clinical depression. 65

Assessment ofDepression
The various tools available for the assessment of depression
are even more varied than the terms used to describe it. In
the clinical setting, the diagnosis o( various depressive disor
ders usually will be made by a health professional who is an
expert in this area, e.g., a clinical psychologist or a psychia
trist. The diagnosis is based on the history, observation, and
a careful interview with the patient and close family and
friends.
In research studies such as those referenced in this chap
ter in which large numbers of persons in the community are
involved, various self-report scales of depression are often
used. The respondents will check off on a printed form
whether they have experienced any of the symptoms of de
pression. Although these self-report measures depend on the
honesty of the respondent to truly report symptoms, they
are commonly used in the interests of conserving time and
money. These self-report scales are generally accepted as
good screening devices to indicate individuals who are at
risk for depression and may need further professional evalu
ation. It is beyond the scope of this chapter to give a detailed
description of all the self-report scales used for depression.
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Some of the most commonly used scales are listed in the
next paragraph with references to assist the reader who
needs more information.
Four of the most commonly used depression scales are
the Beck Depression Inventory, the Center for Epidemiolog
ical Studies Depression Scale (CES-D), the Geriatric Depres
sion Scale (GDS), and the Zung Self-Rating Depression Scale
(SDS).35,83,88 Table lO-1 gives additional information about
these depression scales, describing the number of items, to
tal score, number of somatic items, and sample items. Gen
erally, the scales make statements about feelings or situa
tions, and the respondent indicates how frequently each item
occurs.
An important issue in self-rating scales of depression is
the degree of emphasis that they give to the somatic symp
toms of depression. 5,24,83 Many of these symptoms, such as
appetite or sleep disturbances, may be a result of aging or the
many physical illnesses that are more common in the elderly.
Thus a person may score high on the depression scale, not
because of depressiori, but because of unrelated somatic
symptoms. Scales that de-emphasize somatic signs of de
pression, such as the GDS and the CES-D, are generally con
sidered more valid for the elderly.

Models ofDepression
Numerous authors have speculated about the causes of de
pression, and various models have emerged. Five of the most
frequently cited models are the cognitive model, the learned
helplessness model, the interpersonal model, the neurobio
logical model, and the social resources model. Understand
ing these models is important because they help to explain
various treatment approaches to depression.
The cognitive model of depression was proposed by Aaron
Beck and is based on his empirical observation of depressed
patients. 3o This model emphasizes the cognitive structure
underlying depression, including the negative views of the
self, the environment, and the future. The depressed person

uses a negative cognitive schema that influences the coding
and organization of incoming stimuli. Errors of information
processing occur, resulting in overestimation of negative in
put and underestimation of positive input. For example, a
work supervisor's suggestions for improvement would be in
terpreted by the depressed person as an indication of un
worthiness, inability to do the job, and even dislike. Loss,
grief, or dysphoric feelings then trigger depression in the
person with negative schemata, The perceptual bias then
perpetuates the depression. In this model, the negative
schemata are primary and the depressed affect is secondary.
In the learned-helplessness model of Seligman, uncontrol
lable negative events result in passive behaviors.30 Although
the research in this model was originally in animals, it has
been applied to human depression. Emphasis is placed on
the decreased motivation in depression and the perceptions
of uncontrollability of events by the depressed person. This
model may be particularly applicable to the medical patient.
A series of negative health .events may be perceived by the
patient as uncontrollable. The sick role also promotes lack of
control and passivity. The result may be excessively passive
behavior, lack of motivation, and depression for the patient.
The interpersonal model for depression emphasizes
overdependent personality traits that predispose the individ
ual with a loss or negative life event to depression. 40 This vul
nerability is often attributed to adverse childhood experi
ences or intrafamilial relations. This model focuses on
personality rather than external causes for depression. For
example, a parent's overprotectiveness might result in a child
who is excessively dependent. This personality trait may then
result in a depressive response to a negative life event later
in life.
The neurobiological model of depression suggests that the
somatic symptoms of depression, such as the psychomotor
retardation and temporal variation, indicate a biological
base for the illness. 5o Clinical observations that some drugs
produced depressive symptoms, whereas other drugs re-

TABLE lO-l

COMMON SELF-REPORT DEPRESSION SCALES
No. OF
SCALE

No. OF

TOTAL

SOMATIC

ITEMS

SCORE

ITEMS

How SCORED

SAMPLE ITEM

"I feel downhearted and blue."

Zung Self-Rating
Depression Scale (SDS)
Beck Depression
Inventory

20

80

8

21

63

6

Scored for frequency: e.g., some of
the time, most of the time, etc.
Subject chooses one of four choices

Center for Epidemiological
Studies Depression
Scale (CES-D)
Geriatric Depression Scale
(GDS)

20

60

3

Scored for frequency

30

30

Scored yeslno

"I do not feel sad:'
"I feel sad!'
"I am sad all the time and
can't snap out of it:'
"I am so sad or unhappy
that I can't stand it."
"I felt that 1 could not shake
off the blues even with help
from my friends and family."
"Do you feel that your life is
empty?"
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lieved them, pointed to decreased neurotransmission or a
disturbance of catecholamine transmission as the cause of
depression. Deficient brain serotonergic transmission has
been suggested because of the sleep disturbances that occur
with depression.
In contrast to the four models just mentioned that em
phasize the individual's psychological and biological re
sponse to stress, the social resources model emphasizes the ef
fects of the environment on the individual. 44 Depression
may result from the inability of a person to deal with certain
levels of environmental stress. External factors such as in
come, social support, or societal resources affect the person's
ability to adapt to various stressors.

Rates ofDepression
Depression appears to be the most common psychopathol
ogy in all age groups.15.52 Two age-groups appear particularly
vulnerable to depression: adolescents and very elderly
males. 25 When the elderly are considered as one group in
cluding all persons older than 65, their rate of depression is
no different than the rest of the adult population. 25,59,63 Thus
the commonly held stereotype of the elderly as lonely and
depressed is not supported by research data. Selected sub
groups of the elderly, such as very elderly males, show higher
rates of depression in some studies, although others have not
confirmed this finding. The elderly as a whole, however, have
about the same rates of depression as other adult groups.
Epidemiological studies indicate a prevalence of depres
sion in the elderly that ranges from 4% to 23%.3.1,14.17,25,59
This wide variation of results can be due to several factors.
Some studies based their rates only on patients who had
sought psychiatric treatment, a research method that could
underestimate rates. A wide variety of scales and classifica
tion criteria have been used across studies, making compar
ison difficult. Inclusion of somatic symptoms as part of the
criteria for the definition of depression is problematic in the
elderly because these symptoms may occur in old age or dis
ease. 5As described earlier, the term depression is used to de
scribe conditions ranging anywhere from dysphoric mood
to major depression. Carefully designed studies indicate a
rate of depression in the elderly of around 12%.59,76 Studies
that use strict criteria for a major depression indicate lower
rates, around 5%,3 While these rates apply to all persons
older than 65, certain special populations of the elderly
would be expected to have higher rates of depression, These
would include the institutionalized elderly'6 and, as will be
discussed in detail later in this chapter, the physically ill el
derly.3 Studies of the institutionalized elderly generally indi
cate higher rates of severe depression-around 12%.46 This
population is especially difficult to study because of their
high rates of cognitive impairment and physical illness. Not
surprisingly, newly admitted residents to a nursing home are
more likely to be depressed. Medical conditions that may
cause depression or depression-like symptoms such as hy
pothyroidism, stroke, or Parkinson's disease are more com
mon in the elderly and therefore may contribute to an in
creased rate of depression in older persons. 24 ,69

Depression in the Elderly
An issue that is consistently debated is whether depression in
the elderly is different from depression in other age-groups.
A change in the characteristics of depression in the elderly is
a common theme in the dinicalliterature. 58 Butler and Lewis
suggested that feelings of guilt, self-derogation, and suicidal
impulses are less common in the elderly.9 More common in
the elderly are symptoms of apathy, low motivation, low en
ergy, sleep disturbances, and loss of appetite. Derogatis and
Wise also noted increased apathy in the depressed elderly.18
They point to an increased cognitive impairment in the de
pressed elderly as well as a reluctance to discuss feelings of
dysphoria. Some authors believe that the elderly do not pre
sent as strongly with the somatic aspects of depression,
whereas others indicate that somatization is the predomi
nant symptom of depression in the elderly.
Unlike the clinical literature, epidemiological studies of
depression generally support a picture of depression in the
elderly as basically similar to depression in other age
groupS.8.22.58 Somatic symptoms are especially problematic
because they may be part of a co-existing physical illness. 5,8
As will be discussed later in the chapter, this similarity of de
pression across the age span suggests that effective treatment
strategies in younger age-groups may also be effective in the
elderly.

Pseudodementia
Because the symptoms of depression may be confused with
early dementia, depressed elderly persons are at risk to be di
agnosed as having organic brain syndrome. This mistake is
common enough to be given the name pseudodementia, or
the dementia syndrome ofdepression, in clinical geriatric psy
chiatry.70 The apathy, decreased ability to concentrate, and
memory complaints of the depressed elderly person may be
misinterpreted as symptoms of dementiay,36 Experts in
geriatric psychiatry indicate that the differential diagnosis
between depression and early dementia can be difficult. As
guidelines for distinguishing between the two, they point out
that the depressed person usually has a shorter history of ill
ness, poorer social skills, and poorer attention to hygiene
than the person with early dementia. 3,70 While the depressed
older person usually has complaints of memory problems,
when tested this individual shows few deficitsY6 Finally,
symptoms of depression are usually worst in the morning
and get better by the afternoon. In contrast, persons with de
mentia have more problems in the late afternoon.
As geriatric psychiatrists have noted, the distinction be
tween depression and dementia is complicated by the fact
that each can co-exist in the same person. If there is a clear
psychosocial stressor that could lead to depression, geriatric
psychiatrists recommend that treatment should be first ini
tiated for depression. Dementia should be a diagnosis of ex
clusion, i.e., only given after other possible diagnoses have
been eliminated. There are instruments available to measure
depression in persons with high levels of cognitive deficit.
These instruments are the Cornell Scale, the Demential
Mood Assessment Scale, and the Depressive Signs Scale.24 In
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put from family members also becomes essential when the
patient has major cognitive deficits.

Factors Associated with Depression
One factor consistently associated with depression in older
persons is physical illness. 4,13,23-25,37,49,6,,68,78,84 This is clearly of
import to health care professionals. While there are a few
studies that indicate no association between physical illness
and depression,12,77 numerous studies demonstrate an in
creased risk of depression in physically ill persons. Various
studies of patients with heart disease, rheumatoid arthritis,
diabetes, cancer, and multiple sclerosis show higher rates of
depression than the average in the population. 51,53,54,56,68,72,82
In addition to studies of persons with specific diseases, stud
ies that include persons with many different diagnoses also
demonstrate an increased risk for depression.
Some psychologists theorize that all persons with a phys
ical illness will experience a "stage" of depression. 41 This tra
ditional stage theory proposes that depression is a necessary
and adaptive part of rehabilitation. 23 However, while physi
cally ill persons have higher rates of depression, clearly not
all physically ill persons develop a clinical depression. 23 At
some point, dysphoric feelings may become excessive and
maladaptive, which result in the cognitive, psychological,
and somatic symptoms of a major depression. The severity
and number of symptoms as well as a previous history of de
pression are suggestive of a major depressive episode.IO,?S
Patients with an adjustment disorder with depressed mood
will tend to have a decreased severity of psychological symp
toms, an increased severity of stressors, and recent function
ing at a higher level. 75 Studies indicate the rate of severe de
pression in the physically ill elderly somewhere between 20%
and 35 % • 23 ,25,37,50.68,76
Are older persons more or less likely to respond to the
stress of physical illness with depression? The few studies
that have investigated age as a factor in the relationship of
physical illness to depression are about equally split on both
sides of the issue. Some indicate that older physically ill per
sons are more likely to be depressed; others indicate no rela
tionship to age or that older persons are less likely to be de
pressed. l l ,24,65,82 Given the high rates of physical illness in the
elderly, the low overall rate of depression in this age-group
suggests that older persons adapt at least as well as younger
persons to the stress of physical illness. 83 Some experts have
suggested that certain negative events may be more antici
pated at certain times in life. Thus, older persons may expect
health problems as a normal part of aging and therefore ad
just better to them. 73 It remains critical to identify those
whose response is maladaptive and to initiate treatment. The
physical therapist may be instrumental in identifying those
individuals who could benefit from referral to specialists in
psychology.
Although depression in adults may be more common in
women,21,66 studies of depression in the elderly have shown
variable effects of gender. 3,8,17,49 Gurland and colleagues
found the highest rate of depression in very elderly males. 28
Other studies of elderly persons with a medically related de
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pression have not found gender to be a contributing factor.7
Physical therapists might expect very elderly male patients to
be at high risk for depression; however, generally, older male
and female patients are equally likely to be depressed.
Higher rates of depression are linked to lower income and
socioeconomic status. 17,33,59 This remains the case for de
pressed physically ill older persons. 83 Not surprisingly, the
stress of physical illness is confounded by the stress of lim
ited resources, and physically ill older persons with low in
comes are more likely to become depressed.
One would expect that a high degree of social support
from family and friends would buffer the negative effects of
an illness and result in a lower risk for depression. While re
search has generally supported this hypothesis,3l,87 some
studies have shown higher levels of anxiety and dependency
in patients with more social support. 19 Perceived adequacy of
social support and presence of a confident may be especially
important in the ability of social support to moderate the
negative effects of life's stressors. 31 Social support may only
be important for persons who highly value social interac
tion. 86 Social support, depression, and physical illness may
form a complex web of interrelationships in which persons
who are ill and in pain become depressed and have difficulty
mobilizing the social support that is available to them. 31 ,39,86
Also, older persons with.chronic physical illness may require
support over long periods of time. This can stress any sup
port system, so that expected support is not available, and
this may contribute to or exacerbate a depression.
The increased risk of depression in physically ill older per
sons makes it critical to identify factors of an illness that in
crease the risk for depression. Several studies have indicated
higher levels of functional incapacity and disability to be as
sociated with higher levels of depression, and one would ex
pect higher levels of physical dependency to result in more
depression. 23,37,54-56 However, very elderly persons have high
rates of physical dependency without correspondingly high
rates of depression. 83 The very old may have different expec
tations regarding disability and are therefore more likely to
accept it. Research therefore indicates that the relationship of
level of disability to depression is equivacable. 4s
Chronic pain patients of all ages show high rates of de
pression, and level of pain would be expected to be related to
depression. 18,32.69,71,84 Few studies have combined physical
disability and pain when assessing depression in the elderly.
Williams and Schulz found that when control for other vari
ables is added to the analysis, pain becomes a more impor
tant factor than physical disability in level of depression. B4
This strong association between pain and depression has
also been shown in institutionaliled elderly persons. 63 ,64
The strong association of physical illness to depression
would be expected to be due to many factors. In a study of
elderly medical clinic outpatients, Williamson and Schulz
found that health status and psychosocial factors were about
equally important in explaining depression. 86 Important
health variables included physician and self-rated severity of
symptoms, pain medications, and activity restrictions. Key
psychosocial factors included worry about transportation,
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need for future services, satisfaction with social support, and
worry about becoming a burden and loneliness.
In summary, risk for depression is increased in physically
ill persons with higher levels of pain, increased severity of
symptoms, lower income and available resources, lower levels
of social support (if social interaction is highly valued), and
high levels of worry about future needs and life meaning.

Effects ofDepression on Function in the Elderly
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Because of the nature of depression, persons with depression
have a reduced functional capacity,31,52,57,81 The apathy, loss of
pleasure in activities, and psychomotor retardation reduce
the individual's capacity to participate in everyday activities
and even perform activities of daily living. The depressed
person perceives that even simple tasks require excessive
amounts of energy, and these tasks become extremely diffi
cult. 52 This decreased function is usually most evident in the
morning.
For the physically ill elderly person with depression, this
loss of functional capacity becomes even more problematic.
The deconditioning effects of age and illness combine with
depression to result in even more perceived effort required
for minor everyday tasks. Long-term goals may appear unat
tainable. In a study of patients with hip fractures, Mossey
and colleagues found increased depression to be associated
with reduced functional· recovery and reduced response to
rehabilitation. 57 In a study of medical inpatients, Koenig and
others found that after matching for age, medical condition,
and functional status, depressed persons had twice the
length of stay as non-depressed persons. 38 In a prospective
studies, Hays and colleagues found that depression at base
line predicted increased loss of function 1 year later,31 and
Clark and others found that depression predicted increase in
ADL disability over a 2-year period. 16 Depression and func
tional status and recovery are probably interactive, so that
the depressed patient functions at a lower level, and this de
creased function also reinforces the depression.
Motivation of the depressed older patient and the appro
priate modifications of the rehabilitation plan will be a con
stant challenge to the therapist. The second part of this
chapter on management of depression discusses specific
suggestions for this challenge. A case history provides addi
tional examples.

MANAGEMENT OF DEPRESSION IN THE
OLDER PERSON
The management of depression in the older person has
many aspects. Physicians may have difficulty recognizing
and treating depression in physically ill elderly persons. Two
of the most common treatment approaches are pharma
cotherapy and psychotherapy, each of which is discussed in
this section. While psychotherapy has demonstrated positive
results with older persons, it is not as frequently used with
the elderly as drug treatment. 30 Reasons for this bias may in
clude resistance to and misunderstanding of psychotherapy
on the part of the elderly, bias against the elderly on the part

of psychotherapists, lower cost of drug treatment, and a bias
toward drug treatment in the medical community. Some ex
perts have suggested that psychotherapy may be more effec
tive for adjustment disorder with depressed mood, whereas
drug treatment may be more effective for a major depressive
episode. Nevertheless, drug treatment remains the most
common approach in managing elders with depression. The
use of exercise in the treatment of depression has had lim
ited research; however, as it is of particular interest to physi
cal therapists, it will be discussed. Finally, practical sugges
tions for the physical therapist working with the depressed
older patient are described.

Phannacotherapy
Pharmacological treatment is the primary therapy for ma
jor depressive episodes in the elderly.,,80 Although there are
many pharmacological treatments for depression, medica
tions used to treat major depression can be divided into five
major categories: selective serotonin reuptake inhibitors
(SSRIs), tricyclic or tetracyclic antidepressants (TCAs), het
erocyclic antidepressants, serotonin/norepinephrine reup
take inhibitors, and monoamine oxidase inhibitors
(MAOIs).61 Table 10-2 indicates the common drug names in
these categories that the therapist might find in the medical
record.
The SSRls are the mainstay of drug treatment of depres
sion in the elderly. They have fewer adverse side effects in the
elderly, especially the lack of the anticholinergic and hy
potensive effects that are characteristic of the TCAs.61 The
anticholinergic side effects of the TCAs include dizziness,
tachycardia, constipation, blurred vision, urinary retention,
postural hypotension, and mild tremor.26.34.80 Of particular
concern to physical therapists are the side effects of dizziness
and postural hypotension. Patients taking tricyclic antide
pressants may have poorer balance, particularly after moving

TABLE 10-2

ANTIDEPRESSANT DRUG NAMES
NONPROP1UETARY NAME

TRADE NAME

Selective Serotonin Reuptake Inhibitors (SSRIs)
Sertraline
Zoloft
Fluoxetine
Prozac
Paroxetine
Paxil

Bupropion
Trazodone

Heterocyclic Antidepressants
Wellbutrin
Desyrel

Tricyclic or Tetracyclic Antidepressants (TeAs)
Amitriptyline
Amitril, Elavil
Nortriptyline
Aventyl, Pamelor
SerotoninINorepinephrine Reuptake Inhibitors
Venlafaxine
Effexor
Monamine Oxidase Inhibitors
Phenelzine
Nardi!
Tranylcypromine
Parnate
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from supine to sitting or sitting to standing. These effects are
more pronounced in the period immediately after the med
ication is taken. While there are numerous drugs in the cat
egory of tricyclics, the differences between them are primar
ily in the degree of side effects produced. 1.85 These side effects
are more common in the elderly and could be especially
troublesome in this age-group. The serotonin/norepineph
rine inhibitors have potential side-effects that are intermedi
ate between SSRIs and TCAs.61 The monoamine oxidase in
hibitors also have major side effects similar to the tricyclics
and are less commonly used in the elderly.26.34
The choice of an antidepressant for a particular person is
dependent on many factors, including prior response, con
current medical illnesses, and other medications used by the
patient. 61 Generally the use of SSRIs and heterocyclic antide
pressants is preferred in the elderly.61

pist must consider the high rates of cardiovascular disease in
this age-group. Whereas some studies indicate that heavy aer
obic exercise reduces depression, others indicate that any ac
tivity, including mild recreational activity, will be associated
with increases in feelings of well-being. 42.85 This improve
ment may be caused by time-out from periods of psycholog
ical stress, increased social interaction, or increased feelings
of mastery. Some authors also hypothesize a physiological ef
fect of increased secretion of amines that would have an an
tidepressant effect.66 The exercise-induced adrenal response
to stress may also affect sleep regulation and improve depres
sive symptoms. 60 While exercise is not a commonly accepted
treatment for depression, beneficial effects of activity and ex
ercise on well-being should be remembered by physical, oc
cupational, and recreational therapists.

Psychotherapy

Suggestions for working with the depressed older patient are
really little different than those for any adult who is de
pressed. Aerobic exercise may be a treatment modality that is
less frequently used in the elderly. Also, elderly persons may
be more likely to have experienced losses in their support
networks, especially loss of a spouse. With a more limited
support network, the stress of caring for a depressed ill per
son may be concentrated on a few individuals. Key support
persons may also require extra assistance in dealing with the
depressed patient. 31 Also depressed persons may need assis
tance and training to improve their interactive skills in order
to maximize the effectiveness of their support networks. 23
Cognitive therapy aims at helping depressed persons rede
fine their self-esteem and self-perceptions. 23
Depression can affect many aspects of physical therapy
treatment. The course of therapy would be expected to be
longer, because the apathy and extra energy required neces
sitates more time to accomplish goals. More time may need
to be spent on activities of daily living, since these tasks will
seem more difficult for the patient.
Physical therapists may need to modify their approach
when the patient is depressed. Some professionals may be
lieve that being overly cheerful will "jolly" the patient out of
feelings of sadness and low self-esteem. Generally this is not
the case, and the effect may be the opposite. The excessive
cheerfulness of the therapist may only emphasize the sepa
rateness and depression of the patient and increase negative
feelings. Anyone who remembers a time when he/she was
quite depressed will recall that cheerfulness of others did not
really decrease the depression but often only accentuated
one's own sad feelings. Experts agree that a better approach
to the depressed person is to be matter-of-fact and empha
size the patient's feelings of mastery rather than feelings of
pleasure. Negative self-perception should be discouraged,
and emphasis should be placed on achievement and appro
priate perceptions of self-worth.3 It is important to acknowl
edge the great degree of effort required by the depressed per
son to accomplish even everyday tasks. Goals should be
discussed in small, easily achievable steps. The depressed
person will have difficulty visualizing goals far into the fu

Working with the Depressed Older Patient
Older patients are seldom included in studies of the effec
tiveness of psychotherapy.47 Older patients may be less likely
to seek psychotherapy, but also, health professionals may be
biased against older persons in that they believe that elders
will not benefit from psychotherapy. The few studies includ
ing older patients indicate that psychotherapy is an effective
treatment for depression in the elderly.2o.29.47.79 Psychother
apy treatments for the elderly include behavioral, cognitive,
and brief psychodynamic therapies. Behavioral treatments
focus on modifying the behavioral components of depres
sion, whereas cognitive approaches attempt to change the
negative cognitive schemata that accompany depression.
Psychodynamic therapies focus on the personality charac
teristics common in depression. Very few studies have com
pared medication and psychotherapy in the treatment of de
pression in the elderly, but some have indicated that
psychotherapy may be at least as effective as medications in
the elderly.6.20

Exercise
Exercise has been occasionally used as an effective treatment
for depression.27.43.60.62.67 However, the patients have usually
been young or middle-aged, and the exercise was vigorous,
aerobic exercise,?4 O'Connor and colleagues have completed,
a detailed review of the research on physical activity and de
pression in the elderly.60 These authors point out the many
problems with this research, including difficulties defining
activity and exercise, difficulty measuring depression and ac
tivity, and inability to achieve experimental control. How
ever, they indicated that despite these problems the research
shows a clear relationship between physical inactivity and
higher levels of depression in elderly persons. As expected,
physical activity has little effect on mood level in non
depressed elderly persons. 60 There is little research on the ef
fect of physical activity and exercise in physically ill or dis
abled elderly persons. Exercise programs that are vigorously
aerobic may not be suitable for the physically ill elderly,?4
When a therapist is considering an exercise program for a
depressed elderly person who is not seriously ill, the thera
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ture. Achievement of short-term goals will enhance the per
son's sense of mastery and improve motivation.
Dealing with the depressed patient may be psychologi
cally difficult for the therapist. Research has shown that most
people respond negatively and interact less with persons
who exhibit depressed behaviors. 23 •48 Health care profession
als are not immune from these natural responses. Depressed
patients are not "fun" and may appear unmotivated. It is im
portant to remember that these people are not lazy. For
them, large amounts of energy are required to accomplish
even simple tasks. Working with these patients also has its
rewards. Depressed persons almost always get better and will
achieve therapeutic goals. Most of us have experienced de
pression to some extent. Remembering our own sad times
can help to develop empathy for the depressed patient.

Case Study
Mr. Clark is 84 years old. Before his present hospitalization,
he lived alone in his suburban home; his wife of 45 years had
died 6 months previously. He has two sons, one of whom
lives in the same city. He was hospitalized because he fell in
his home and fractured the sub capital area of his right fe
mur. A hemiarthroplasty was performed, and Mr. Clark was
referred to physical therapy. Laboratory tests also indicated a
high blood glucose level, and he is being evaluated for possi
ble diabetes. Mr. Clark also has a history of mild congestive
heart failure. The physical therapist working with Mr. Clark
notes that he appears quite sad, has cried several times dur
ing treatment, and has expressed hopelessness about his fu
ture. He also has difficulty remembering the precautions re
garding his hip that have been repeatedly explained to him.
He is apathetic, is hard to motivate, has a poor appetite, and
has difficulty sleeping. The nursing and medical staff have
noted similar problems. As his son indicated that these prob
lems had been steadily getting worse since the death of Mrs.
Clark, a psychiatric consult was requested. Although Mr.
Clark's memory problems could have been due to early de
mentia, the consult indicated that the first treatment should
be for depression with later re-evaluation. Antidepressant
medication and short-term therapy for depression were ini
tiated. Mr. Clark was also prescribed insulin therapy and
transferred to the rehabilitation unit.
Mr. Clark's progress in physical therapy was slower than
expected, although he made steady improvement. His thera
pist established small short-term goals that could be accom
plished in 2 to 3 days. Emphasis was placed on the mastery
of these short-term goals rather than long-term goals. For
example, Mr. Clark was given the goal of increasing his walk
ing distance from 20 to 40 feet, rather than being given the
long-term goal of independent ambulation. He was asked to
be able to repeat one more precaution every other day, rather
than learn all the precautions in 1 day. The extra effort re
quired by Mr. Clark was acknowledged, but his negative ex

pressions of low self-esteem and guilt were countered with
more positive statements about his progress and his past and
present accomplishments. The psychologist also worked
with Mr. Clark to improve his personal interaction skills in
order to mobilize his support network for his return home.
These new skills were reinforced in physical therapy. Mr.
Clark's depression gradually lifted, and he was discharged to
his home. A home health agency continued his physical ther~
apy and monitored the progress of his diabetes treatment.
Antidepressant treatment was discontinued after 2 months.

SUMMARY
While depression is no more common in the elderly than in
other adult age-groups, it remains the most common psy
chopathology of old age. The two categories of depression of
greatest interest to physical therapists are major depressive
episode and adjustment disorder with depressed mood. The
characteristics of depression include problems with mood,
cognition, self-esteem, interpersonal interactions, and so
matic functions. Depression in the elderly is similar to de
pression in other adults, although some have suggested that
the older depressed adult will show more apathy and lack of
motivation. Difficulty in differentiating depression from
early dementia is common enough to warrant a name: pseu
dodementia.
Factors that are commonly associated with depression in
the elderly are the presence of physical illness, low income,
and decreased social support. Among the physically ill el
derly, high levels of pain, physical disability, and symptom
severity may be related to depression. Depression reduces
function in the physically ill elderly because of apathy, per
ceptions of low energy, and psychomotor retardation.
Pharmacotherapy is the primary treatment for a major
depressive episode; however, psychotherapy has also been
shown to be effective in the elderly. A few studies of exercise
demonstrate some positive effect on depression, but the use
of aerobic exercise is limited in the physically ill elderly. Gen
eral physical activity is linked to increased psychological
well-being.
Guidelines for working with the depressed older patient
include establishing short-term goals, emphasizing achieve
ment rather than pleasure, and avoiding excessive cheerful
ness. Most depressed patients do get better with time and
treatment. It is important to remember that many of us have
experienced some degree of depression in our lives and can
therefore be empathetic with these patients.
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1 1

EVALUAT10

DIeAL PATIE

OUTLINE

WELLNESS PROMOTION
Health care too often centers on what happens to an individ
ual after a negative health event and on attempts to thwart
pathological processes by medical intervention. Demographic
trends are dictating new ways of analyzing the economic and
health impacts of an aging society. In the early 1980s a theory
evolved that garnered much interest because of its optimistic
outlook. This theory, the "compression of morbidity:' posited
that if morbidity were postponed and life span were geneti
cally fixed, then morbidity would be compressed into a
shorter period. 19 Even though the theory itself was not con
firmed in subsequent studies, it placed emphasis on health
prevention and promotion activities that may delay morbidity
and extend quality of life for years. Thus the goal of health
promotion in geriatrics may not be focused primarily on dis
ease prevention but on the development of welIness and the
delay of functional morbidity throughout the life span. For
example, effective reduction in cardiovascular mortality is re
lated to risk factor modification and medical interventions.
Most notably, cigarette smoking, inactivity, and obesity are
risk factors that can be modified to improve quality of life in
persons at risk for cardiovascular disease. Modifying risk fac
tors before pathology begins should be the focus of preven
tion efforts with today's older adult (Box 11-1).
It is often assumed that elders are too old to change. How
ever, modifiable risk factor reduction should be considered a
worthwhile goal at any age. Research has demonstrated that
modifying risk factors does affect the onset of chronic disease.
However, it is important to understand that much of previous
risk factor research has been done on young or middle-aged
adults. Current research models focusing on elders indicate
that what is known about prevention in younger populations
may not always be directly applied to older persons.
Coronary heart disease (CHD) risk factors for middle
aged adults have been the focus of research for the past 40
years and have been generally incorporated into clinical

INTRODUCTION
Clinical management and treatment of elders is often a di
agnostic dilemma. How does one gather and synthesize in
formation over an individual's lifetime into a coherent diag
nostic process? Treatment decisions are based not only on
physical health status but also on the interplay of psycholog
ical and social factors that comprise the patient and family
unit. As in no other adult group, collaboration between
health providers is paramount to success in caring for the el
derly. This chapter discusses how clinicians critically analyze
and prioritize complex patient issues and demonstrates how
physical therapists are an integral part of that process. The
health care system focuses on the delivery of quality health
services. The primary value of collaboration between health
providers is ensuring that the goals of providing and mea
suring quality care are met.
To develop and execute a rehabilitation plan, it is impor
tant that the therapist acquire the necessary skills to recog
nize and prioritize important symptoms. This recognition
aids the process of collaboration with the health care team.
In order to develop and improve the therapist's skills, this
chapter discusses symptoms that therapists, due to the na
ture of their work, may be the first to recognize.
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High-fat diet
Hyperglycemia
High LDL cholesterol
Low HDL cholesterol

practice. Less is known about risk factor modification in el
ders, and the results are controversial. Studies are now ex
amining the utility of those recommendations for elders. 8
Even though these studies are methodologically dissimilar
and measure different outcomes, research demonstrates
that an elder's risk factors for CHD may be different by
both age and gender. Cardiac risk factors in the young old
(elders aged 75 years or younger) appear similar to those of
middle-aged adults, with the addition of increased left ven
tricular mass noted by electrocardiogram playing an im
portant role in the incidence of CHD among all elders. 8 For
those individuals in the middle-old (elders aged 76 to 84
years), or old-old (elders aged 85 years or older) age cate
gories, total cholesterol, may playa less important role in
predicting CHD mortality in men. Low levels of high
density lipoprotein (HDL) cholesterol may be a more im
portant risk factor in the incidence of CHD in these two
age-groups than is total cholesterol. 38 While the role of to
tal cholesterol as a risk factor is less clear in men, total cho
lesterol may playa prominent role in CHD incidence and
mortality in older women. 5,8,12 Thus, elders with sympto
matic CHD and a good prognosis should be encouraged to
reduce modifiable risk factorsY It has been suggested that
if an elder is healthy, and active and quality of life years
may be added to the life span, then treatment of hypercho
lesterolemia should be undertaken. Diet modification and
exercise are the recommended first line of treatment. For
low-density lipoprotein cholesterol (LDL) in the 130 to 159
mgldL range, medications to lower LDL cholesterol are
best used for secondary, but not primary, prevention after
diet modification is initiated for 6 months. 14 Higher LDL
levels may require the consideration of low-dose "statins,"
e.g., lovastatin, pravastatin, simvastatin, atorvastatin, flu
vastatin. Importantly, clinical recommendations in this
area are changing rapidly. The elderly are more prone to
drug side effects and need to be monitored carefully. It is
likely that the best opportunity for reducing mortality
from CHD through risk factor modification occurs at
younger ages. 34 For elders in the advanced old age category
or those with debilitating diseases, the benefit of no phar
macological treatment may outweigh the decision to med
icate due to the increased prevalence of toxic side effects
with aging. Diet and exercise should be recommended at
any age because both have benefits that will improve qual
ity of life whenever begun.

The benefits of exercise in risk factor modification in el
ders have been well-demonstrated. Exercise is positively as
sociated with increased levels of HDL cholesterol, but not
total cholesterol, and this positive effect has been demon
strated in very old individuals in their ninth decade. 6 Exer
cise also improves balance and strength and thus may pre
vent injury from falls. 16,26 The benefits of exercise in younger
populations in reducing mortality risk have also been
demonstrated in older women. Mortality in older women is
inversely associated with physical activity, and the greater the
intensity, the greater the benefit. Regular moderate physical
activity reduced the risk of dying for women younger than
80, and the risk of dying from respiratory or cardiac disease
demonstrated the greatest reduction compared with other
disease states. 22 Elders are less commonly referred to cardiac
rehabilitation than younger adults. Compared with that of
younger adults, participation by elders in a cardiac rehabili
tation program has demonstrated improvement in func
tional capacity and quality of life measures, with modest
improvement in lipid levels,24,25 although reduction in repeat
cardiac events or/and inverse association with mortality
have not been demonstrated .
While most cardiac risk factor research is performed on
men, women younger than 80 have also been shown to ben
efit from physical activity. It may be concluded that coronary
risk factor modification for young and middle-aged elders is
similar to that in younger age-groups. Total cholesterol is not
as strong a cardiac risk factor in elders as it is in younger age
groups. Young and middle-aged elders may thus benefit
from secondary prevention strategies. All elders of both gen
ders will benefit from diet and exercise programs at all ages.
COMMON PRESENTING SIGNS AND
SYMPTOMS
Three common symptoms may occur during the execution
of a rehabilitation plan: dyspnea, dizziness, and confusion.
In general, symptom analysis is physiologically based. For
example, breathing successfully requires both intact oxygen
transport mechanisms-i.e., lungs and heart- and an oxy
gen transport medium-i.e., the blood-and must meet the
physiological demands of the body. Thus, analysis of the
cause(s) of dyspnea must take all of these into account.
History taking helps focus the clinical examination and
begins the diagnostic analysis. Symptom analysis includes
knowledge of the precipitating event, symptom onset, dura
tion, intensity, associated symptoms, timing, relieving fac
tors, previous history, and similar episodes. After symptom
analysis, a thorough physical examination adds needed in
formation to the diagnostic process and should correlate
with the history. Medications should be reviewed for any
possible adverse reactions that may cause or worsen the
symptom under analysis. For example, angiotensin convert
ing enzyme (ACE) inhibitors have been known to occasion
ally cause dry cough, hyperkalemia, and fatigue, especially in
elders.
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TABLE 11-1

COMMON CAUSES OF DYSPNEA IN ELDERS
SYSTEM FAILURE

ETIOLOGY

Cardiac

Arrhythmias (atrial fibrillation)
Myocardial infarct
Emboli
Infectious lung disease
Obstructive lung disease
Thyroid disease
Hemorrhage
Bone marrow abnormalities
Hyperthermia

Respiratory
Endocrine
Hematological
Environmental

Dyspnea
Dyspnea clearly affects a person's ability to participate in a re
habilitation program, therefore the physical therapist may be
the first to note this symptom. Acute dyspnea occurring at rest
is an ominous sign. Focusing on a symptom analysis of the
cardiac, respiratory, and circulatory systems; smoking history;
work history; and self-report and observing the patient in
functional activities provide insight into the severity of the
problem. Any change from baseline is important and may im
plicate any of the causes of dyspnea outlined in Table 11-l.
Cardiac disease is the No.1 cause of mortality in elders, a
primary reason for hospitalization, and it is often first noted
with dyspnea. For elders, unlike younger adults, dyspnea
may be the primary and only presenting symptom signaling
heart disease. The etiology of heart failure is sought among
its common causes including myocardial infarct; arrhyth
mias; and, specifically, atrial fibrillation (see Table 11-1). Pa
tients with paroxysmal nocturnal dyspnea (PND), orthop
nea, and new onset dyspnea on exertion (DOE) are typically
evaluated for heart failure, unless other etiologies are clearly
evident in the history.21 These three presentations of dysp
nea, plus new onset dyspnea at rest, are important symptoms
of underlying disease. More subtle symptoms, which may be
first noticed by the therapist, include exercise intolerance,
confusion, and nausea or abdominal pain associated with as
cites and hepatic engorgement as the heart fails and fluid ac
cumulates.
Laboratory testing includes a chest x-ray to differentiate
cardiac from pulmonary disease and to evaluate heart size;
however, absence of cardiomegaly (enlarged heart) does not
discount heart failure. An electrocardiogram (ECG) is per
formed to evaluate for ischemia, arrhythmias, myocardial
infarct, and conduction abnormalities. Because of the im
portance of data trends for accurate diagnosis, a review of
serum laboratory tests allows comparison of previous results
with current ones that help to identify the nature of the
problem.
One important laboratory test in the evaluation of dysp
nea is the complete blood count (CBC). It should be re
viewed for a reduction in erythrocyte count (red blood cells,
"RBCs") and the hematocrit and hemoglobin (H + H) level,
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which may signal anemia. The RBCs form in the bone mar
row and have a life span of 120 days. A low H + H level,
which is present in anemia, will aggravate heart failure be
cause of a lack of circulating oxygen to meet the body's de
mands. Due to reduced reserve capacity, elders are prone to
symptoms of heart failure, as cardiac output is increased in
response to anemia. Hemoglobin in the RBCs combines
with oxygen and carbon dioxide, forming the transport
mechanism for these elements. Hemoglobin is wmposed of
the protein portion, or globin, and an iron portion, the
heme, and hence easily combines with oxygen. The hemat
ocrit level is the ratio of packed red blood cell volume to the
plasma and is expressed as a percentage. The hemoglobin
and hematocrit levels are evaluated together. The hematocrit
level normally measures about three times the hemoglobin
level. Hematocrit levels less than 25% may mimic heart fail
ure. Low H +H levels will affect exercise endurance, but a
tolerance for low H + H levels may be demonstrated with
chronic anemia. Exercise may upset this delicate balance by
causing an increased demand for oxygen. New or worsening
DOE may be due to an increased demand for oxygen that is
not met because of poor pump performance or a filling
deficit seen in heart failure or because of an inadequate de
livery system resulting from anemia.
Reticulocytes are inunature red blood cells released into
the circulation early in response to blood cell destruction or
production failure. If blood loss is suspected as a contribut
ing factor to heart failure, a reticulocyte count may be con
sidered. Hemorrhage results in the increased loss of cells,
whereas abnormalities of the bone marrow and hemolysis
result in increased destruction of the red cells. Therefore an
increase in the reticulocyte count per 1000 RBCs is an indi
cator of hemorrhage, hemolytic anemia, or primary and sec
ondary cancers.
In healthy elders the absolute CBC values fall within the
range of normal; however, the bone marrow of elders, com
pared with that of younger individuals, lacks the ability to
compensate in response to acute and chronic disease,
putting elders at greater risk of marrow failure. This mayac
count for the large number of anemias associated with
chronic diseases seen in elderly populations. 26 Chronic ane
mia may be well compensated for, and, in these cases, may
not be evident until severe blood loss is present. When labo
ratory tests are evaluated, trends in test results are as impor
tant as the actual results because of this compensation factor.
When heart failure is suspected as the cause of dyspnea,
the renal laboratory tests should be reviewed, including cre
atinine and blood urea nitrogen (BUN) levels. Renal failure
causing fluid overload will worsen heart failure, which in
turn, increases fatigue levels and dyspnea. Creatinine is a
measure of the products of energy metabolism excreted by
the kidneys, whereas BUN is a measure of the production
and excretion of urea (the end product of protein catabo
lism) by the kidneys. The ratio of BUN to creatinine is eval
uated to determine whether renal failure is present. A ratio
of 25:1 or more suggests dehydration. In patients with heart
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failure, a common cause of renal failure is dehydration due
to the use of diuretics. A high creatinine level reveals kidney
failure. It should be noted that when patients are dehydrated,
the hematocrit level is falsely elevated due to the altered ra
tio of fluid to solids.
Laboratory tests for thyroid deficiencies are analyzed be
cause thyroid deficiencies, common in elders, may cause or
exacerbate heart failure and atrial fibrillation (AF). The thy
roid-stimulating hormone (TSH) determines the level of
thyroid gland activity. The level is increased in primary hy
pothyroidism and Hashimoto's thyroiditis.
An ECG is reviewed for ischemia, AF, or myocardial in
farct. AF is more common in elders than in younger adults
and may precipitate or worsen heart failure. If a diagnosis of
AF is present, the potential for worsening of heart failure is
present due to a reduction in cardiac output. In addition, an
ticoagulation therapy that is used to reduce the risk of
thrombi, as blood stagnates in the atria, increases the risk of
bleeding secondary to a fall.
An echocardiogram measures ejection fraction (EF), heart
valve dynamics, and heart chamber size, and guides medical
management of heart failure. If, for example, the ejection
fraction is <40% (normal is 55% to 60%), systolic dysfunc
tion is suspected. This is a pump problem, and treatment is
directed toward improving the pumping mechanism. Coro
nary artery disease is a common cause of systolic dysfunc
tion. If, however, the ejection fraction is >40% and heart fail
ure is present, diastolic dysfunction (a filling problem) is
suspected. The distinction between systolic and diastolic dys
function is important in the management of heart failure.
Older adults are more sensitive to volume changes than are
younger adults. Therefore, if a filling problem is suspected,
adequate filling pressure is needed to maintain cardiac out
put and thus heart function. The judicious use of diuretics in
the treatment phase of heart failure is warranted in order to
avoid volume depletion and to maintain filling pressures. 2
It is important for the therapist to be aware of whether
heart failure is present, what the etiology is, and whether an
ticoagulation therapy is being used. If the symptoms of DOE
is worsening and syncope or chest pressure is present, close
collaboration with the medical provider is important.
In the analysis of dyspnea, common elderly respiratory
problems must be factored into the diagnostic equation,
along with possible cardiac abnormalities. A mixed picture
of cardiac and respiratory deficits is highly probable. Com
mon elderly respiratory problems include infections and ob
structive airway disease, such as asthma, bronchitis, and em
physema. Common infections include pneumonia, which
may be categorized as community, long-term-care facility,
or hospital-acquired pneumonia, and tuberculosis. The liv
ing situation and degree of disability must be considered be
cause setting and disability differentiates probable pathogen
type. For example, neurologically impaired individuals and
those with gastrointestinal disease are at greater risk of con
tracting aspiration pneumonitis and aspiration pneumonia
than are healthy individuals. The former is due to aspiration

of gastric contents, whereas the latter is due to aspiration of
oropharyngeal contents. Cough; dyspnea; white, frothy spu
tum; hypotension; and agitation are hallmarks of aspiration
pneumonitis. Treatment is first aimed at lowering the pH of
the aspirate.
The clinical presentation of pneumonia in elders is often
subtle: tachypnea may be the only presenting symptom,
fever and chills may not be present, and cough and sputum
production may be slight. Therefore, subtle changes in the
respiratory rate noted during participation in the rehabilita
tion program can be a significant finding.
Pulmonary function tests help differentiate restrictive
from obstructive disease. Obstructive disease is graded ac
cording to the forced expired volume in one second FEV
Wheezing, cough, dyspnea, and breathlessness are common
in obstructive disease. I
Dyspnea, although not the first symptom noted, may her
ald dysfunction of the oxygen-carrying capacity system. In
elders, upper gastrointestinal (GI) bleeding is a common
cause of an insidious drop in the hematocrit and hemoglo
bin levels, whereas lower gastrointestinal disease often has a
slower onset. Dyspnea, a late sign of blood loss, may be pre
cipitated during exercise. Dysphagia, weight loss, and ab
dominal pain and discomfort are more predominant signs of
gastric ulcer disease. Fatigue generally accompanies weight
loss. Both gastric and duodenal ulcer disease are common
causes of elderly upper GI bleeding, followed by erosive gas
tritis, esophagitis, esophageal varices, and neoplasm. 30 The
increased use of non-steroidal anti-inflammatory drugs
(NSAIDs) adds to the increased incidence of bleeding in el
ders. Common causes of lower tract bleeding are diverticu
losis, malignancy, and colitis.
Lastly, dyspnea may be included in the constellation of
symptoms present due to hyperthermia. Hyperthermia, or
heat stroke, is more common in older than in younger
adults due to a decrease in the thirst mechanism accompa
nying aging and a decline in cognition and functional lev
els, requiring assistance to procure food and fluids. Hyper
thermia increases mortality risk in cardiac patients. 41
Early symptoms may include dizziness, delirium, nausea,
headache, and dyspnea.
j •

Dizziness
Dizziness is a common complaint encountered by the phys
ical therapist and is an important identifier of increased risk
of hip fracture. 40 For ease of diagnosis, dizziness is catego
rized as vertigo or a spinning sensation, disequilibrium or
imbalance sensation, near-syncope or light-headedness, or
non-specific dizziness. 29,39 The evaluation of dizziness pre
sents a plethora of diagnostic possibilities, including
vestibular, cardiac, neurological, visual, and psychiatric dis
orders. However, it has been demonstrated that physical ex
amination, provocation studies, and psychological assess
ment are more helpful diagnostically than expensive
radiological, electrophysiological, and laboratory testing. II
Therefore, it is important to obtain a careful history of dizzi
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ness, ascertaining a clear picture of the symptoms and pre
cipitating events.
The patient with vertigo is more likely to suffer from
vestibular problems than from other problems. Spinning,
which occurs 15 to 20 seconds after head and neck move
ment, is often associated with labyrinthine disease. Balance
is dependent on sensory cues and vestibular function, both
central and peripheral. Therefore, inner ear problems and
gait disturbance affect balance and increase the risk of falls.
Near-syncope, or fainting, is often related to cardiovas
cular disease rather than to a peripheral or central nervous
system disorder. If syncope is present, a search for a cardiac
etiology should be initiated. An ECG and a loop ambula
tory cardiac monitor are obtained to evaluate for rhythm
disturbances. Syncope also requires a careful physical ex
amination and echo cardiogram for blood flow abnormali
ties. Faintness during standing or bowel movements may
relate to orthostatic hypotension or to a Valsalva maneuver,
respectively.
Inability to describe symptoms may be related to demen
tia or psychiatric disorders. Individuals with dementia may
be trying to describe the confusion they experience and not
true dizziness. An evaluation for depression, anxiety, and de
mentia may be included in the differential diagnosis, if
symptoms are difficult to describe. Finally, iatrogenic pos
tural hypotension that causes positional dizziness is more
common in elders than in younger adults due to the in
creased prevalence of polypharmacy in elders. Medications
are always implicated initially as causative agents, until
proven otherwise. These include antihypertensives, diuret
ics, and drugs that cause sedation.

Confusion
Confusion is a common and complex symptom, often first
noted yet often overlooked by the providers most familiar
with the elder exhibiting the symptom. Especially difficult is
the differential diagnosis of acute confusion (delirium) in a
demented individual. The assessment of confusion starts
with differentiating symptom onset and course.
Because delirium is reversible, the evaluation centers on a
hunt for metabolic, infectious, or neurological disturbances,
including alcohol and drug withdrawal. An example of the
latter is the abrupt withdrawal ofbenzodiazepines and anti
psychotic medications. The hallmark of delirium is an acute
onset with a fluctuating course. Knowing the baseline cogni
tive functional level of the patient is key to the evaluation.
Altered levels of consciousness with inattention are com
mon. These patients often will be able to participate in a re
habilitation plan at one time during the day, but be lethargic
or unable to follow instructions at another. Cognitive im
pairment and memory disturbance may be present and not
related to any previous diagnosis of dementia. Fluctuating
psychotic symptoms include visual and tactile hallucinations
and delusions. Increased agitation and confusion, starting in
the late afternoon (sundowning), is more commonly diag
nosed in institutional residents than community-dwelling
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residents and is associated with dementia and related to
sleep disturbance. The treatment aim in these cases is im
provement of the individual's sleeping patterns and remedi
ation of the behavior disturbance.
Common causes of delirium in the ambulatory setting
include infections, especially of the urinary tract and the res
piratory system; blood loss; new cardiac abnormalities; and
adverse medication reactions. Laboratory analysis is an im
portant part of the delirium evaluation. Metabolic, hemato
logic, and infectious abnormalities appear in laboratory test
results. The laboratory analysis of a suspected infectious eti
ology begins with an analysis of the CBC-specifically, the
leukocytes or white blood cells (WBCs). Leukocytosis, or a
rise in the WBCs, is due to an increase of one of the many
types of white blood cells in response to inflammation. A
rise may result from infections, steroid use, malignant dis
ease, leukemia, drugs, or the release of toxins into the system.
A reduction in the total WBCs, known as leukopenia, may
result from viral infections or bone marrow disorders.
Leukopenia is analyzed as a problem characterized by re
duced production or increased destruction of cells.
The five subtypes of WBCs are presented in Table 11-2
and together are called the differential count. The differen
tial count gives information regarding the type of inflamma
tory response present. The differential count is always inter
preted in relation to the total leukocyte count. During
normal conditions, each subtype falls in a normal range and
is expressed as a percent of the total white blood cell count
and the absolute value.
Neutrophils are the most numerous of the white blood
cells and their increase indicates the severity of an infection,
whereas the total white blood cell count indicates the pa
tient's ability to mount an infectious response. Neutrophils
are the primary response to invading microorganisms and
work by phagocytosis. Considering neutrophils linearly, spe
cific inflammatory responses cause different percents of im
mature or mature neutrophils to rise and shift the most fre
quent percentage (mode) of these cells to the left or right on
an imaginary line. This information is referred to as a shift
to-the-left if an increase in immature cells is present, indicat
ing a regenerative process, or as a shift-to-the-right if mature
neutrophils predominate. The shift is diagnostically signifi
cant and evaluated in response to the total leukocyte count.
In those with a weakened immune response-frail elders,
those with overwhelming infections or AIDS, or chemother
apy patients-there may be a shift-to-the-Ieft without an in
crease in the overall white blood cell count. Conversely, an
increase in immature neutrophils with a proportional rise in
the total leukocyte count indicates an infection with a good
immune response.
Lymphocytes provide cellular immunity by the produc
tion of immunoglobulins. They respond to antigens and are
the chief cells of the lymph nodes. Monocytes also respond
to infection by phagocytosis, but occur later than neu
trophils. They are the body's second line of defense against
invading organisms. Eosinophils are involved in allergic and
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TABLE 11-2

DIFFERENTIAL WHITE BLOOD CELL COUNT
RELATIVE VALUE
WHITE BLOOD CELLS

AS A

%

OF TOTAL

ABSOLUTE VALUE
PER CU

mm

Neutrophils

60%-70%

3000-7000

Lymphocytes

20%-40%

1000-4000

Monocytes

2%-6%

100-600

Eosinophils

1%-4%

50-400

0.5%-1 %

25-100

Basophils

immune responses. Basophils, the smallest proportion of the
WBCs, are involved in acute allergic responses.
COMMON SYNDROMES AFFECTING
REHABILITATION
Syndromes are multi-causal entities. Syndromes, due to their
inherent complexity, present diagnostic and management
dilemmas. Three syndromes common to elders are dis
cussed: failure to thrive, dehydration, and malnutrition. All
of these syndromes require modification of current rehabil
itation plans or the development of innovative methods of
delivering rehabilitation to older adults.

Failure to Thrive
Failure to thrive (FTT) is described as a progressive loss of
function and general deterioration greater than expected
when compared to a matched age group. It is a term used for
our most vulnerable populations at both ends of the age spec
trum. Patients present with weight, functional, and muscle
loss. Weight loss, the hallmark of FIT, is often gradual. It may
be accompanied by weakness, self-care deficits, dizziness,
memory loss, or depression. These symptoms should not be
mistaken for the natural aging process, but be recognized as
abnormal findings and markers for disease. It is theorized that
FTT may be a hallmark of mortality or alternatively have a re
versible etiology. The diagnostic evaluation seeks to differen
tiate between reversible and irreversible etiologies of the syn

ETIOWGY -(INCREASE)

ETIOLOGY-(DECREASE)

Bacterial infections
Exercise
Burns
Infarction
Chronic inflammation
Hemolysis
Chronic lymphocytic leukemia
Mononucleosis
Infectious hepatitis
Tuberculosis

Viral infections
Leukemia
Aplastic anemia
Pernicious anemia
Overwhelming
infection
Acute illness stress
Sepsis
Hodgkin's disease
Chemotherapy
Heart failure
No specific disease

Leukemia
Infections (viral/bacterial)
Sarcoidosis
Rheumatoid arthritis
Allergies
Parasites
Chronic skin infections
Endocrine disease
Malignant neoplasm
Steroids mask eosinophilia
Allergic reactions
Leukemia
Chronic intlammation

Mononucleosis
Adrenal disorders
Drugs

Prolonged steroids
Acute allergic reactions
Acute illness stress

drome, and therefore the health history focuses on the evalu
ation of four domains: physical functioning, malnutrition, de
pression, and dementia. 33 Symptoms of worsening chronic
diseases; the onset of new acute illnesses; and risk factors for
malignancy, gastrointestinal malabsorption, and depression
are important considerations.

Malnutrition
Malnutrition is defined as deficient or excess consumption of
calories or nutrients. lo This section focuses on nutritional in
adequacies and underweight states. It is important to note that
nutritional inadequacies include the spectrum of both over
weight and underweight states. Overweight is not synonymous
with adequate nutritional intake. One study of community
dwelling elders found that 42% of elders were overweight. ls
Because of the important correlation between caloric in
take and energy expenditure, a nutritional assessment
should be part of any physical therapist's examination. Suc
cessful rehabilitation and adequate nutrition are synergistic.
Nutritional excess and deficiency are common problems in
elders and have enormous policy and individual implica
tions for an aging society.3 At the societal level, malnutrition
is associated with longer hospitalization, higher mean hospi
tal cost per hospitalization, and greater use of community
services once hospital discharge occurs.9 At the individual
level, muscle wasting and weight loss or excess negatively af
fect the individual's ability to perform basic functions, heal
injured tissue, and fight infections.
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TABLE 11-3

QUICK NUTRITION EVALUATION FOR ELDERS*
DOMAINS

ASSESSMENT AREAS

INTERVENTION/OUTCOME

Caloric/
Vitamin
Intake

No. of meals per day
Weight loss> 10lbs
past 6 months
Use of vitamin
supplements

Adequate caloric
intake
Weight gain

Dentition
and Swallow

Chewing and swallow
food consistency

Referral to dentist
Swallow evaluation

Environmental

Food availability
Able to procure food

Referral to social
service
Meals on Wheels

Functional

Self-feed ability
Functional
dependency

Maximize
independence

Financial

Able to afford food

Referral to social
service

Health
Behaviors

Smoking
Excessive alcohol

Stop smoking
Reduce alcohol intake

Polypharmacy

Appetite suppressant
Taste change
Nausea
Dry mouth

Minimize medications

Physiological
Normal vs.
Disease

Advanced age
Organ function
change

Adequate nutritional
intake

Psychological

Depression
Motivation
Dementia

Depression treatment
Feeding groups
Assist with feeding
Family involvement
Family support

'A lO-item evaluation covering some of these domains has been developed and
distributed by the Nutrition Screening Initiative of the American Academy of Family
Physicians, The American Dietetic Association, and the National Council on the Aging
Inc.

Nutritional risk screening has become widely publicized
since the advent of the Nutrition Screening Initiative
(NSI).ls Although a popular 10-item weighted response sur
vey developed by this initiative has not been validated as a
direct indicator of malnutrition, it is a useful educational
tool identifying potential risk of poor nutritional intake. 32
The NSI provides in-depth assessment for those initially
identified as being at risk.
Risk factors for malnutrition are advanced age, poor den
tition, low income, and tobacco use.3D Weight loss of greater
than 10 pounds in 6 months and low serum cholesterol and
low albumin levels are all indicators of malnutrition and
signs of a poor prognosis.
The common domains of a nutritional risk assessment
are outlined in Table 11-3. Vitamin intake and supplements;
percent and variety of meals eaten; and the ability to self
feed, chew, and swallow are important assessment factors. It
should be recognized that the evaluation of life-long eating
patterns is mandatory. A life-long history of anorexia, due to
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body image concerns, has been reported in the litera
ture. 2BAnorexia in elders, related to body image, is often un
detected and poorly understood. The availability of and fi
nancial ability to purchase food should be assessed.
Physiological and psychological factors are key elements of a
nutritional assessment. With advancing age and disease
come changes in taste; salivary gland function; reduced se
cretion of digestive enzymes; changes in hepatic catabolism;
alteration in intestinal mobility; and reduced ability to syn
thesize vitamin D, which may affect nutritional intake. In ad
dition, depression and dementia may have profound effects
on adequate nutritional intake.
Dietary guidelines are based on the Food Guide Pyramid,
which provides sound nutritional recommendations, though
not specific to older populations.3s Bread, cereals, rice, and
pasta are the basis from which a healthy diet is constructed,
followed by vegetables and fruits, with limited use of meat,
poultry, and fish. Two to three servings of low-fat milk, yo
gurt, and cheese are recommended. However, it could be ar
gued that recommendations in this category, especially low
fat fortified milk, need to be increased due to the high
incidence of osteoporosis and the lack of adequate vitamin D
intake and absorption in elders. Limited use of fats, oils, and
sweets is recommended and thus tops the pyramid.
The need for or abuse of vitamin supplements is an issue
about which elders often ask. A balanced diet is the best
source of an adequate vitamin intake and probably safer
than supplementation. However, elders may need supple
ments of vitamins D and Bl2 • Sources of vitamin D are meat,
fish, and fortified milk. Vitamin D, especially important in
slowing the rate of bone loss, is often inadequate in elders.
Vitamin D recommendations for those aged 51 to 70 are 400
IU (International Units) daily, which increases to 600 IU af
ter age 70. 20 The incidence of atrophic gastritis is greater in
elders than in younger adults. This condition prevents the
absorption of Bl2 from dietary sources, but allows for the ab
sorption of crystalline B12 normally. Therefore, elders may
benefit from a supplement of B12 , at least at the recom
mended daily allowance (RDA) of 2.4 glday.7 In general, the
use of multivitamin supplements is not associated with
lower morbidity and mortality.
The search within each domain of nutritional risk focuses
on modifiable causes of the syndrome. The patient and family
should be actively involved in the decision to evaluate, treat,
and manage FTT. If unmodifiable factors are not evident or if
treatment is not desired, end of life support and comfort may
be reasonable approaches after the initial evaluation.

Dehydration
Dehydration is a common problem in elders and directly in
creases rates of morbidity and mortality. Dehydration is a
costly societal, as well as individual, problem. In 1991, the
cost to Medicare for dehydration, not including long
term-care costs, was $446 million. At the individual level,
47% of hospitalized elders with a primary diagnosis of de
hydration died within 1 year of the indexed hospitalization. 36
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Incidence has a linear association to aging, and thus there is
a great likelihood that a physical therapist working with
adults will encounter this problem.
Elders are more susceptible to dehydration because of
blunting of homeostatic mechanisms that prevent hypov
olemia. Changes in the homeostatic mechanism controlling
volume and osmolality of extracellular fluid result in re
duced reserve capacity when the system is stressed by
changes in physical, psychological, or environmental condi
tions governing the system. First, thirst response, stimulated
by dehydration, is diminished, resulting in an increased
solute to water ratio. Second, decreased renal plasma flow
may be responsible for a decline in urine concentration abil
ity, which prevents the body from retaining enough fluid to
avert dehydration. Finally, vasopressin release, stimulated by
low fluid volume, is diminished. IS
Presenting symptoms of dehydration may include confu
sion, lethargy, rapid weight loss, and functional decline, all of
which will interfere with rehabilitation goals. Therefore, the
physical therapist is in a good position to alert the medical
team to the emergence of this syndrome. The most common
causes of dehydration are poor fluid intake, iatrogenesis in
duced by medications, gastrointestinal fluid loss, and prepa
ration for procedures.
The most significant laboratory abnormality is sodium
imbalance, and this should be carefully monitored. Because
of this association, dehydration is categorized by the rela
tionship between free water and sodium. In one kind of de
hydration, known as isotonic dehydration, there is a balanced
loss of water and sodium. Equal loss of both water and
sodium is often seen in vomiting and diarrhea. A second
type of dehydration, hypertonic or hypernatremic dehydra
tion, occurs when water loss is greater than sodium loss. Ex
amples of hypertonic dehydration are febrile states and poor
fluid intake. Finally, hypotonic dehydration occurs when
sodium loss is greater than water loss, resulting in hypona
tremia. Inappropriate use of diuretics causes hypotonic de
hydration with low sodium. 13
A common clinical finding in hyponatremia of older
adults, which can often be misdiagnosed, is the inability to
excrete free water. The kidneys conserve water because of an
increase in vasopressin release. Thus the ratio of free water to
sodium solute is increased. This clinical syndrome is termed
inappropriate secretion of antidiuretic hormone (SIADH).
Urine osmolality is greater than 300 mOsmlkg in the indi
vidual with a low serum sodium level. Treatment is aimed at
restricting free water.

LABORATORY VALUES
The evaluation of laboratory tests is an important part of the
evaluation of older adults. While laboratory values for elders
are often within the same numerical range as those for
younger adults, the probability of an imbalance is greater in
elders because of polypharmacy, the increased number of
diseases per individual compared with younger adults, and

TABLE 11-4

REFERENCE RANGES FOR LABORATORY TESTS*
LABORATORY TEST

Complete blood count
Hematocrit
Hemoglobin
White blood count
Platelet count
Biochemical tests
Sodium
Chloride
Carbon dioxide
BUN
Creatinine
Potassium
Calcium
Magnesium
Glucose
Alkaline phosphatase
Total protein
Albumin

T.
T3 resin uptake
TSH

REFERENCE RANGE

Male 47 ± 5%
Female 42 ± 5%
Male 16.2 ± 2 g/dL
Female 14 ± 2 gldL
7.8 3 X 10·
140-400 X 109
135-148 mEq/dL
98-106 mmolldl
23-30 mmoI!dl
7-18 mgldl
0.6-1.2 mgldL
3.6-5.1 mEq/dl
9.0-10.5 mEq/dL
1.2-2.3 mgldL
67-109 mgldl
45-126 IUll
6.3-8.3 g/dL
3.4-4.8 gldl
5.0-12.5 mcgldL
25%-35%
0.4-4.8 mCru/mL

'Reference ranges may vary according to laboratory.
thyroxine; T, = triiodothyronine; TSH = thyroid-stimulating hormone.

T.

physiological changes that occur with aging (Table 11-4).
Important laboratory tests with implications for a rehabili
tation plan include the electrolyte panel, liver function test
(LFT), and thyroid function test (TFT). The albumin and to
tal protein levels reveal important nutritional information. A
urinalysis is a simple urine test that imparts a wealth of
knowledge about aging kidneys. Finally, the importance of
the electrocardiogram must be noted.
The electrolyte panel ("lytes") consists of basic elec
trolytes, sodium, potassium, chloride, and carbon dioxide. It
is often combined with BUN, creatinine, and glucose to
form the basic metabolic panel referred to as the "chemistry
seven;' or "chem. 7:' Basic electrolyte levels do not change
with aging. Under standard conditions, the aging body is
able to adapt to usual conditions for maintaining fluid
volume. Under extreme conditions of stress, physiological
reserve is diminished, resulting in an increased probability
of electrolyte abnormalities. Three classes of drugs often
administered to elders are common causes of hyperkale
mia or increased potassium levels. 4 The drug classes are
(1) potassium-sparing diuretics-e.g., spironolactone and
triamterene--which interfere with potassium excretion;
(2) NSAIDs; and (3) ACE inhibitors-e.g., quinapril, capto
pril, lisinopril, and enalapril.
Serum creatinine concentration, a measure of kidney
function, does not change with normal aging. In the elderly,
the most common cause of a rise in the creatinine and BUN
levels is due to acute renal failure caused by the syndrome of
prerenal azotemia secondary to dehydration.
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Liver function tests are a measure of hepatic destruction
and function. A basic hepatic laboratory panel may consist
of measurement of albumin, total protein, globulin, biliru
bin, alkaline phosphatase (ALP), alanine aminotransferase
(ALT) or serum glutamate pyruvate transaminase (SGPT),
and aspartate transaminase (AST) or serum glutamic
oxaloacetic transaminase (SGOT).
Albumin, globulin, and total protein levels are used to
measure hepatic function. Formed in the liver, they control
the normal distribution of body water by the forces of col
loidal osmotic pressure. Proteins also help in the transport of
hormones, fatty acids, enzymes, and some drugsY Hypoal
buminemia is often associated with edema and poor drug
distribution, leading to toxic levels of drugs in the body.
Malnutrition, liver disease, malabsorption syndromes, and
increased loss of albumin are some of the causes of low al
bumin and total protein levels.
The other liver function tests measure enzymes released
into the circulation during cell destruction. These enzymes
occur in varying amounts in liver and other organ tissues.
For example, elevated levels of AST or SGOT occur during
a myocardial infarct or with liver disease. ALT or SGPT is
more specific to liver destruction than is AST. Finally, alka
line phosphatase (ALP) is a marker of liver and certain
bone disease.
Thyroid disease is more common in elders than in
younger adults. The effects of aging on thyroid function lab
oratory tests are minimal. However, illness and medications
may have a marked effect on tests of thyroid function. Hy
pothyroidism may contribute to fatigue, constipation, cold
intolerance, and muscle stiffness, often observed with the ag
ing process and therefore often misdiagnosed as due to old
age. First-line testing to distinguish primary hypothyroidism
is the TSH test. TSH is released into the blood by a feedback
mechanism between the anterior pituitary, which releases
TSH in response to low levels of circulating thyroid hor
mone. When hypothyroidism occurs, TSH secretion in
creases. Alternatively, elders with hyperthyroidism often de
scribe feelings such as fatigue, restlessness, weight loss, and
"not feeling well." Weight loss occurs and may be accompa
nied by nausea and diarrhea. Cardiac manifestations of hy
perthyroidism include AF, congestive heart failure, and
angina pectoris and occur more frequently in the elderly
than in younger adults.
The urinalysis is a simple test of basic kidney function.
The physiological changes that occur in the aging kidney in
clude decreased renal blood flow and glomerular filtration
rate (GFR), with accompanying smaller kidney size. Under
disease-free circumstances the normal aging kidney, even
with the physiological changes described. is able to maintain
fluid homeostasis but is at greater risk of imbalance under
conditions of stress. Renal drug clearance is affected by the
depressed GFR of aging and is one cause of the greater inci
dence of drug toxicity seen in elders. The dipstick is a small,
easily portable strip that is impregnated with chemicals that
detect urine compounds. Color changes occur in the pres
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ence of abnormalities. The dipstick detects the presence of
abnormal amounts of glucose, protein, blood, leukocytes,
and nitrates in the urine. The presence of leukocytes may
signal a urinary tract infection, and a urine culture may be
warranted. The presence of nitrates, however, may be a sign
of kidney dysfunction.
The ECG records electrical impulses that stimulate the
heart to contract. Heart cells produce a wave of electricity
that depolarizes or positively charges the inside of the heart
cell, causing it to contract. As this wave passes through the
heart from the atria to the ventricles, the electrical charge is
recorded on the electrocardiogram. The cell recovers its neg
ative or resting charge during repolarization. Both depolar
ization and repolarization are recorded on the ECG. Six limb
and six chest leads compose the standard ECG.
The electrical impulse starts in the posterior wall of the
right atrium at the sinoatrial (SA) node, which is also called
the pacemaker because it controls heart rate. As the atria
contract, the positive electrical impulse of depolarization
spreads across the atria to produce the P wave on the ECG.
Blood is forced through the mitral and tricuspid valves after
which the electrical impulse travels down to the atrioven
tricular (AV) node. From the AV node the impulse travels
down the right and left bundle branches that comprise the
ventricular conduction system. This ventricular depolariza
tion appears on the ECG as the second impulse and is de
scribed at the QRS complex. The first negative deflection of
the complex is the Q wave. The R wave is the first positive
impulse of the complex and reflects ventricular repolariza
tion, and the S wave is the negative deflection after the R
wave. The complex is completed by ventricular repolariza
tion, which allows the heart cells to regain a negative charge
and is noted on the ECG as the T wave. The low-voltage U
wave sometimes follows the T wave and represents repolar
ization of the intraventricular conduction system (Fig. 11-1).
The ECG paper contains a grid that allows measurement of
the height, length, and duration of the cardiac cycle. Abnor
malities of measurement occur during cardiac dysfunction
and allow the diagnosis of diseases, such as ischemia, infarc
tion, arrhythmia, hypertrophy, and conduction delays.
Two cardiac abnormalities more common in elders than
in younger adults are AF and angina pectoris. AF occurs
when many atrial foci fire at one time. It appears on the ECG
as an irregular baseline without a P wave. The QRS complex
is irregular, and the atria do not empty efficiently or com
pletely. Patients are at risk for thromboembolic events and
are treated with warfarin. Even though the risk of falls is a
consideration for frail elders, older adults are candidates for
anticoagulation therapy but are often undertreated. It is im
portant for the physical therapist to know whether a patient
is receiving this type of treatment, due to the increased risk
of bleeding. Warfarin is potentiated by numerous classes of
drugs, including the infrequent use of acetaminophen, and
thus careful monitoring of the prothrombin time and inter
national normalization ratio (INR) and knowledge of the
patient's medication regimen are mandatory.
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FIG. 11-1 Left ventricular hypertrophy with strain. This pattern is characterized by very tall R waves and
deeply inverted T waves .

Angina pectoris results from transient myocardial is
chemia. In elders, dyspnea-not chest pain-may be the
presenting symptom. T-wave inversion in the chest leads
characterizes ischemia, or reduced blood supply, on the
ECG. If ischemia progresses to injury, the ST segment that
follows the QRS complex is elevated (see Fig. ll-l). In is
chemic disease, elders' ECGs may demonstrate nonspecific
changes, especially when associated with the commonly seen
increased QRS voltage of left ventricular hypertrophy.37

SUMMARY
Clinical management of elders is complex. Treating illness
while promoting optimal health is the common goal of all
professional practitioners in geriatric health care. A critical
shift in geriatric health care has occurred, moving from an
illness paradigm to a wellness one. Wellness, for older adults,
focuses on health promotion and management of chronic
illness with an emphasis on quality of life. Research findings
consistently demonstrate the value of risk factor reduction,
including positive benefits of exercise, even in very old indi
viduals. Symptom analysis is foremost in the diagnosis and
management of illness, including symptoms commonly en
countered by physical therapists: dyspnea, dizziness, and
delirium. Syndromes such as malnutrition, failure to thrive,

and dehydration, also require innovative methods of care
delivery involving physical therapists as key members of the
geriatric health care team.
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OUTLINE

INTRODUCTION
Physical therapists working with. any patient population
must be aware of the drug regimen used in each patient.
Therapists must have a basic understanding of the benefi
cial and adverse effects of each medication and must be
cognizant of how specific drugs can interact with various
rehabilitation procedures. This idea seems especially true
for geriatric patients receiving physical therapy. The elderly
are generally more sensitive to the adverse effects of drug
therapy, and many adverse drug reactions impede the pa
tient's progress and ability to participate in rehabilitation
procedures. An adequate understanding of the patient's
drug regimen, however, can help physical therapists recog
nize and deal with these adverse effects as well as capitalize
on the beneficial effects of drug therapy in their geriatric
patients.
The purpose of this chapter is to discuss some of the per
tinent aspects of geriatric pharmacology with specific em
phasis on how drug therapy can affect older individuals re
ceiving physical therapy. This chapter begins by describing
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the pharmacological profile of the geriatric patient, with em
phasis on why adverse drug reactions tend to occur more
commonly in the elderly. Specific adverse drug reactions that
commonly occur in the elderly are then discussed. Finally,
the beneficial and adverse effects of specific medications are
examined, along with how these medications can have an
impact on the rehabilitation of the older adult.
PHARMACOLOGICAL PROFILE OF THE
GERIATRIC PATIENT
In general, the elderly are two to three times more likely than
younger adults to experience an adverse drug reaction. l60
The increased incidence of adverse drug effects in the elderly
is influenced by two principal factors: the pattern of drug use
that occurs in a geriatric population and the altered response
to drug therapy in the elderly.56,245 A number of other con
tributing factors such as multiple disease states, lack of
proper drug testing, and problems with drug education and
compliance also increase the likelihood of adverse effects in
older adults. The influence of each of these factors on drug
response in the elderly is discussed briefly here.

Pattern ofDrug Use in the Elderly: Problems of
Polypharmacy
The elderly consume a disproportionately large amount of
drugs relative to younger people. 148,191,232 For example, adults
older than 65 currently compose about 12% of the U.S. pop
ulation, but they consume 33% of all prescription drugs. 216
By the year 2030, it is predicted that the elderly will account
for 21 % of the population and consume 40% of all drugs. 3
A logical explanation for this disproportionate drug use is
that the elderly take more drugs because they suffer more ill
nesses. Indeed, upward of 80% of individuals older than 65
suffer from one or more chronic conditions, and drug ther
apy is often the primary method used to treat these condi
tions.212 For example, consumption of two or more different
medications each day is common in the general population
of people older than 65. 36,191,223 Drug use in certain elderly
subpopulations is even higher, with nursing home residents
receiving an average of five to eight prescription medications
each day. 148 Use of nonprescription (over-the-counter)
products is also an important factor in geriatric pharmacol
ogy, especially in the community dwelling elderly who have
greater access to these productS. 121
The elderly therefore rely heavily on various prescription
and nonprescription products, and medications are often es
sential in helping resolve or alleviate some of the illnesses
and other medical complications that commonly occur in
the elderly. A distinction must be made, however, between
the reasonable and appropriate use of drugs and the phe
nomenon of polypharmacy. Polypharmacy occurs whenever
the patient's drug regimen includes one or more unneces
sary medications. 43 Owing to the extensive use of medica
tions in this population, the elderly are often at high risk for
polypharmacy.13,3D,88

Polypharmacy can be distinguished from a more reason
able drug regimen by the criteria listed in Table 12-1. Of
these criteria, the use of drugs to treat adverse drug reactions
is especially important. The administration of drugs to treat
drug-related reactions often creates a vicious cycle in which
additional drugs are used to treat adverse drug reactions,
thus creating more adverse effects, thereby initiating the use
of more drugs, and so on (Fig. 12-1),101 This cycle can
rapidly accelerate until the patient is receiving a dozen or
more medications.
In addition to the risk of creating the vicious cycle seen in
Fig. 12-1, there are several other obvious drawbacks to
polypharmacy in the elderly. Because each drug will in-

TABLE 12-1

CHARACTERISTICS OF POLYPHARMACY
IN THE ELDERLY'
CHARACTERISTIC

EXAMPLE

Use of medications for
no apparent reason
Use of duplicate
medications
Concurrent use of
interacting medications
Use of contraindicated
medications
Use of inappropriate
dosage
Use of drug therapy to
treat adverse drug
reactions
Patient improves when
medications are
discontinued

Digoxin use in patients who
do not exhibit heart failure
Simultaneous use of two or three
laxatives
Simultaneous use of a laxative and
an antidiarrheal agent
Use of aspirin in bleeding ulcers
Failure to use a lower dose of a
benzodiazepine sedative-hypnotic
Use of antacids to treat aspirin
induced gastric irritation
Withdrawal of a sedative-hypnotic
results in clearer sensorium

•Adapted from Simonson W: Medications and the Elderly: A Guide for Promoting Proper
Use. Rockville, Md, Aspen Publications, 1984.

INCREASED ILLNESS IN ELDERLY

\..
~

MORE DRUGS
ADMINISTERED

ELDERLY NEED/TAKE
MORE DRUGS

r
DRUG SIDE EFFECTS
SEEN AS "SYMPTOMS"

INCREASED RISK
OF SIDE EFFECTS

FIG. 12-1 Vicious cycle of drug administration that can lead to
polypharmacy in the elderly.
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evitably produce some side effects when used alone, the
number of side effects will begin to accumulate when several
agents are used concurrently.!2 More importantly, the inter
action of one drug with another (drug-drug interaction) in
creases the risk of an untoward reaction because of the abil
ity of one agent to modify the effects and metabolism of
another drug. If many drugs are administered simultane
ously, the risk of adverse drug reactions increases exponen
tially.12.28 Other negative aspects of polypharmacy are the
risk of decreased patient compliance with the drug regi
men 196 and the increased financial burden of using large
numbers of unnecessary drugs. 3o•88
Polypharmacy can occur in the elderly for a number of
reasons. In particular, physicians may rely on drug therapy
to accomplish goals that could be achieved through non
pharmacological methods, i.e., it is often relatively easy to
prescribe a medication to resolve a problem in the older
adult even though other methods that do not require drugs
could be used. For instance, the patient who naps through
out the day will probably not be sleepy at bedtime. It is
much easier to administer a sedative-hypnotic agent at
bedtime rather than institute activities that keep the pa
tient awake during the day and allow nocturnal sleep to oc
cur naturally.
In some cases, the patient may also playa contributing
role toward polypharmacy. Patients may obtain prescriptions
from several different practitioners, thus accumulating a for
midable list of prescription medications. Elderly individuals
may receive medications from friends and family members
who want to "share" the benefits of their prescription drugs.
Some older adults may also use over-the-counter and self
help remedies to such an extent that these agents interact
with one another and with their prescription medications.
Polypharmacy can be prevented if the patient's drug reg
imen is reviewed periodically and any unnecessary or harm
ful drugs are discontinued..,13,88,90 Also, new medications
should only be administered if a thorough patient evalua
tion indicates that the drug is truly needed in that patient. 30
When several physicians are dealing with the same patient,
these practitioners should make sure that they communicate
with one another regarding the patient's drug regimen. 86
Physical therapists can playa role in preventing polyphar
macy by recognizing any changes in the patient's response to
drug therapy and helping to correctly identify these changes
as drug reactions rather than disease "symptoms." In this
way, therapists may help prevent the formation of the vi
cious cycle illustrated in Fig. 12-1.

namic changes).245 The effects of aging on drug pharmacoki
netics and pharmacodynamics are discussed briefly here.
Pharmacokinetic Changes
Pharmacokinetics is the study of how the body handles a
drug, including how the drug is absorbed, distributed, me
tabolized, and excreted. Several changes in physiological
function occur as a result of aging that alter pharmacoki
netic parameters in the elderly. The principal pharmacoki
netic changes associated with aging are summarized in Fig.
12-2 and are discussed briefly here. The effects of aging on
pharmacokinetics has been the subject of fairly extensive re
search, and the reader is referred to several excellent reviews
for more information on this topicY·54.170.244,245
Drug Absorption
Several well-documented changes occur in gastrointestinal
(GI) function in the older adult that could potentially affect
the way drugs are absorbed from the GI tract. Such changes
include decreased gastric acid production, decreased gastric
emptying, decreased GI blood flow, diminished area of the
absorptive surface, and decreased intestinal motility.42,62,244
The effect of these changes on drug absorption, however, is
often inconsistent, i.e., aging does not appear to significantly
alter the absorption of most orally administered drugs. This
may be due in part to the fact that the aforementioned
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Altered Response to Drugs
There is little doubt that the response to many drugs is af
fected by age and that the therapeutic and toxic effects of any
medication will be different in an older adult than in a
younger individual. Alterations in drug response in the el
derly can be attributed to differences in the way the body
handles the drug (pharmacokinetic changes) as well as dif
ferences in the way the drug affects the body (pharmacody
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FIG.12-2 Summary of the physiological effects of aging that may
alter pharmacokinetics in the elderly,

Chapter 12

GERIATRIC PHARMACOLOGY

changes may offset one another. For instance, factors that
tend to decrease absorption (e.g., decreased GI blood flow,
decreased absorptive surface area) could be counterbalanced
by factors that allow the drug to remain in the gut for longer
periods (decreased GI motility), thus allowing more time for
absorption. Hence, altered drug absorption does not appear
to be a major factor in determining pharmacokinetic
changes in the elderly.
Drug Distribution
After a drug is absorbed into the body, it undergoes distrib
ution to various tissues and body fluid compartments (e.g.,
vascular system, intracellular fluid, and so forth). Drug dis
tribution may be altered in the elderly due to several physio
logical changes such as decreased total body water, decreased
lean body mass, increased percent body fat, and decreased
plasma protein concentrations. 17o,244 Depending on the spe
cific drug, these changes can affect how the drug is distri
buted in the body, thus potentially changing the response to
the drug. For instance, drugs that bind to plasma proteins
(e.g., aspirin, warfarin) may produce a greater response be
cause there will be less drug bound to plasma proteins and
more of the drug will be free to reach the target tissue. Drugs
that are soluble in water (e.g., alcohol, morphine) will be rel
atively more concentrated in the body since there is less body
water in which to dissolve the drug. Increased percentages of
body fat can act as a reservoir for lipid-soluble drugs, and
problems related to drug storage may occur with these
agents. Hence, these potential problems in drug distribution
must be anticipated, and dosages must be adjusted accord
ingly in elderly individuals.
Drug Metabolism
The principal role of drug metabolism (biotransformation)
is to inactivate drugs and create water-soluble by-products
(metabolites) that can be excreted by the kidneys. Although
some degree of drug metabolism can occur in tissues
throughout the body, the liver is the primary site for metab
olism of most medications. Several distinct changes in liver
function occur with aging that affect hepatic drug metabo
lism. The total drug-metabolizing capacity of the liver de
creases with age because of a reduction in liver mass, a de
cline in hepatic blood flow, and decreased activity of
drug-metabolizing enzymesYO.135,170,264,265 As a result, drugs
that undergo inactivation in the liver will remain active for
longer periods because of the general decrease in the
hepatic-metabolizing capacity seen in older adults.
Drug Excretion
The kidneys are the primary routes for drug excretion from
the body. Drugs reach the kidney in either their active form
or as a drug metabolite after biotransformation in the liver.
In either case, it is the kidney's responsibility to filter the
drug from the circulation and excrete it from the body via
the urine, With aging, declines in renal blood flow, renal
mass, and function of renal tubules result in a reduced abil
ity of the kidneys to excrete drugs and their metabo
lites,54,13l,152,244 These changes in renal function tend to be one
of the most important factors affecting drug pharmacoki
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netics in the elderly, and reduced renal function should be
taken into account whenever drugs are prescribed to these
individuals.19.152
The cumulative effect of the pharmacokinetic changes as
sociated with aging is that drugs and drug metabolites often
remain active for longer periods, thus prolonging drug ef
fects and increasing the risk for toxic side effects. This is ev
idenced by the fact that drug half-life (the time required to
eliminate 50% of the drug remaining in the body) is often
substantially longer in an older individual versus a younger
adult.28 ,32 For example, the half-life of certain medications
such as the benzodiazepines (e.g., diazepam [Valium1, chlor
diazepoxide [Librium]) can be increased as much as four
fold in the elderly.83 Obviously, this represents a dramatic
change in the way the elderly body deals with certain phar
macological agents. Altered pharmacokinetics in the elderly
must be anticipated by evaluating changes in body composi
tion (e.g., decreased body water, increased percentages of
body fat) and monitoring changes in organ function (e.g.,
decreased hepatic and renal function) so that drug dosages
can be adjusted and adverse drug reactions minimized in el
derly individuals. 149,152,17ll,177
Finally, it should be noted that the age-related pharmaco
kinetic changes described here vary considerably from per
son to person within the geriatric population. 177 These
changes are, however, considered part of the "normal" aging
process. Any disease or illness that affects drug distribution,
metabolism, or excretion will cause an additional change in
pharmacokinetic variables, thus further increasing the risk
of adverse drug reactions in the elderly.32.82,177

Pharmacodynamic Changes
Pharmacodynamics is the study of how drugs affect the
body, including systemic drug effects as well as cellular and
biochemical mechanisms of drug action. Changes in the
control of different physiological systems can influence the
systemic response to various drugs in the elderly.229,244 For in
stance, deficits in the homeostatic control of circulation
(e.g., decreased baroreceptor sensitivity, decreased vascular
compliance) may change the response of the elderly patient
to cardiovascular medications. Other age-related changes,
such as impaired postural control, decreased visceral muscle
function, altered thermoregulatory responses, and declines
in cognitive ability, can alter the pharmacotherapeutic re
sponse as well as the potential side effects that may occur
when various agent~ are administered to the older adult. 229
The degree to which systemic drug response is altered will
vary depending on the magnitude of these physiological
changes in each individual.
In addition to these systemic changes, the way a drug af
fects tissues on a cellular level may be different in the older
adult. Most drugs exert their effects by first binding to a re
ceptor that is located on or within the specific target cells
that are influenced by each type of drug. This receptor is
usually coupled in some way to the biochemical "machin
ery" of the target cell, so that when the drug binds to the re
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ceptor, a biochemical event occurs that changes cell function
in a predictable way (Fig. 12-3). For instance, binding of ep
inephrine (adrenaline) to beta-I-receptors on myocardial
cells causes an increase in the activity of certain intracellular
enzymes, which in turn causes an increase in heart rate and
contractile force. Similar mechanisms can be described for
other drugs and their respective cellular receptors. The al
tered response to certain drugs seen in the elderly may be
caused by one or more of the cellular changes depicted in
Fig. 12-3. For instance, alterations in the drug-receptor at
traction (affinity) could help explain an increase or decrease
in the sensitivity of the older adult to various medica
tions. 14,198,229 Likewise, changes in the way the receptor is
linked or coupled to the cell's internal biochemistry have
been noted in certain tissues as a function of aging.85.163 Fi
nally, the actual biochemical response within the cell may be
blunted because of changes in cellular structure and func
tion that occur with aging. 110,229
Consequently, pharmacodynamics may be altered in the
elderly due to systemic physiological changes acting in com
bination with changes in drug responsiveness that occur on
a cellular or even subcellular leveL These pharmacodynamic
changes along with the pharmacokinetic changes discussed
earlier help explain why the response of a geriatric individ
ual to drug therapy often differs from the analogous re
sponse in a younger individuaL

Other Factors That Increase the Risk ofAdverse
Drug Reactions in the Elderly
In addition to the pattern of drug use and the altered re
sponse to drugs seen in the elderly, several other factors may

1.

Target Cell

2.coupling
mechanism

3.1

biochemical
event

FIG. 12-3 Potential sites for altered cellular responses in the el
derly. Changes may occur (1) in drug-receptor affinity, (2) in the
coupling of the receptor to an intracellular biochemical event, and
(3) in the cell's ability to generate a specific biochemical response,

also contribute to the increased incidence of adverse drug
reactions seen in these individuals. Several of these addi
tional factors are presented here.
Presence of Multiple Disease States
The fact that elderly people often suffer from several chronic
conditions greatly increases the risk of adverse drug reac
tions.32 The presence of more than one disease (comorbid
ity) often necessitates the use of several drugs, thus increas
ing the risk of drug-drug interactions. Even more important
is the fact that various diseases and illnesses usually alter the
pharmacokinetic and pharmacodynamic variables discussed
earlier. For instance, the age-related changes in hepatic me
tabolism and renal excretion of drugs are affected to an even
greater extent if liver or kidney disease is present. Manyel
derly patients suffer from diseases that further decrease
function in both of these organs as well as cause diminished
function in other physiological systems. The involvement of
several organ systems, combined with the presence of several
different drugs, makes the chance of an adverse drug reac
tion almost inevitable in the elderly patient with multiple
disease states.
Lack of Proper Drug Testing and Regulation
The Food and Drug Administration (FDA) is responsible for
monitoring the safety and efficacy of all drugs marketed in
the United States. The FDA requires all drugs to undergo ex
tensive preclinical (animal) and clinical (human) trials be
fore they receive approval. With regard to the elderly, some
question has been raised about the evaluation of drugs in
geriatric individuals prior to FDA approval. It has been rec
ognized that an adequate number of patients older than 65
should be included at various stages of the clinical testing,
especially for drugs that are targeted for problems that occur
in the elderly (e.g., Parkinson's disease and dementia).; It is
unclear, however, whether efforts to increase drug testing in
geriatric subjects have been successful in providing im
proved information about drug safety in older adults. 1Addi
tional efforts on the part of the FDA and the drug manufac
turing companies may be necessary to help reduce the risk of
adverse side effects through better drug testing.
There also has been concern that many drugs are over
prescribed and misused in older adults. This concern seems
especially true for certain classes of psychotropic agents
(e.g., antipsychotics, sedative-hypnotic agents).178,220 Fortu
nately, efforts have been made to institute government regu
lations and guidelines that limit the use of these medica
tions. [40,220,267 Enforcement of existing regulations and
development of guidelines for other types of drugs will
hopefully reduce the incidence of inappropriate drug use in
older adults.
Problems with Patient Education and Self-Adherence
to Drug Therapy
Even the most appropriate and well-planned drug regimen
will be useless if the drugs are not taken as directed. Patients
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may experience an increase in adverse side effects, especially
if drugs are taken in excessive doses or for the wrong rea
son. 196 Conversely, elderly patients may stop taking their
medications, resulting in a lack of therapeutic effects and a
possible increase in disease symptoms. The fact that older
patients often neglect to take their medications is one of the
most common types of drug noncompliance. [96
Many factors can disrupt the older individual's self
adherence (compliance) to drug therapy. A decline in cogni
tive function, for example, may impair the older person's
ability to understand instructions given by the physician,
nurse practitioner, or pharmacist. This can hamper the abil
ity of the geriatric patient to take drugs according to the
proper dosing schedule, especially if several different med
ications are being administered, with a different dosing
schedule for each medication. 1%,232 Other factors such as
poor eyesight may limit the older person's ability to distin
guish one pill from another, and arthritic changes may make
it difficult to open certain "childproof" containers.
The older adult may also stop taking a medication be
cause of an annoying but unavoidable side effect.l% For in
stance, the elderly patient with hypertension may refuse to
take a diuretic because this particular medication increases
urinary output and may necessitate several trips to the bath
room in the middle of the night. To encourage patient self
adherence, it must be realized that these annoying side ef
fects are not trivial and can represent a major source of
concern to the patient. Hence, health care professionals
should not dismiss these complaints but should make an ex
tra effort to help the patient understand the importance of
adhering to the drug regimen whenever such unavoidable
side effects are present.
Additional Factors
Other factors, including poor diet, excessive use of over-the
counter products, cigarette smoking, and consumption of
various other substances (e.g., caffeine, alcohol), may help
contribute to the increased risk of adverse drug effects in the
elderly.9,31,195 These factors must be taken into consideration
when a prescription drug program is implemented for the
elderly individual. For instance, it must be realized that the
older adult with a protein-deficient diet may have extremely
low plasma protein levels, thus further altering drug phar
macokinetics and increasing the risk of an adverse drug ef
fect. It is therefore important to consider all aspects of the
life-style and environment of the older adult that may affect
drug therapy in these individuals.

COMMON ADVERSE DRUG REACTIONS
IN THE ELDERLY
An adverse drug reaction (ADR) is any unwanted and po
tentially harmful effect caused by a drug when the drug is
given at the recommended dosage.212Listed here are some of
the more common ADRs that may occur in older adults. Of
course, this is not a complete list of all the potential ADRs,
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but these are some of the responses that physical therapists
should be aware of when dealing with geriatric patients in a
rehabilitation setting.

Gastrointestinal Symptoms
GI problems such as nausea, vomiting, and diarrhea are
among the most commonly occurring adverse drug reac
tions in the elderly.12,89 These reactions can occur with virtu
ally any medication, and GI symptoms are especially preva
lent with certain medications such as the opioid (narcotic)
and non-opioid (non-steroidal anti-inflammatory drugs)
(NSAIDs) analgesics. Although these symptoms are some
times mild and transient in younger patients, elderly indi
viduals often require adjustments in the type and dosage of
specific medications that cause gastrointestinal problems.

Sedation
The elderly seem especially susceptible to drowsiness and
sleepiness as a side effect of many medications. In particular,
drugs that produce sedation as a primary effect (e.g., seda
tive-hypnotics) as well as drugs with sedative side effects
(e.g., opioid analgesics, antipsychotics) will often produce
excessive drowsiness in older adults.

Confusion
Various degrees of confusion ranging from mild disorienta
tion to delirium may occur with a number of medications,
such as antidepressants, narcotic analgesics, and drugs with
anticholinergic activity.192 Confusion can also indicate that
certain drugs, such as lithium and digoxin, are accumulating
and reaching toxic levels in the body. Elderly individuals who
are already somewhat confused may be more susceptible to
drugs that tend to further increase confusion.

Depression
Symptoms of depression (e.g., intense sadness and apathy, as
described elsewhere in this text) may be induced in older
adults by certain medications. Drugs such as barbiturates,
antipsychotics, alcohol, and several antihypertensive agents
(e.g., clonidine, reserpine, propranolol) have been impli
cated in producing depression as an ADR in the elderly.22

Orthostatic Hypotension
Orthostatic (postural) hypotension is typically described as
a 20 mm Hg or greater decline in systolic blood pressure or
a 10 mm Hg or greater decline in diastolic blood pressure
that occurs when an individual assumes a more upright pos
ture (e.g., moving from lying to sitting or from sitting to
standing).226 Owing to the fact that many older adults are
relatively sedentary and have diminished cardiovascular
function, these individuals tend to be more susceptible to
episodes of orthostatic hypotension, even without the influ
ence of drug therapy.48,ll2 A number of medications, how
ever, augment the incidence and severity of this blood pres
sure decline. 48 ,251 In particular, drugs that tend to lower
blood pressure (e.g., antihypertensives, antianginal medica
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tions) are a common cause of orthostatic hypotension in
older adults. Orthostatic hypotension often leads to dizzi
ness and syncope because blood pressure is too low to pro
vide adequate cerebral perfusion and oxygen delivery to the
brain. Hence, orthostatic hypotension may precipitate falls
and subsequent injury (e.g., hip fractures, other trauma) in
elderly individuals. 171 Since elderly patients are especially
susceptible to episodes of orthostatic hypotension during
certain rehabilitation procedures (e.g., gait training, func
tional activities), physical therapists should be especially
alert for this ADR.

potentially serious ADRs may arise from drugs with anti
cholinergic properties.

Extrapyramidal Symptoms
Drugs that produce side effects that mimic extrapyramidal
tract lesions are said to exhibit extrapyramidal symptoms.
Such symptoms include tardive dyskinesia, pseudopar
kinsonism, akathisia, and other dystonias. Antipsychotic
medications are commonly associated with an increased risk
of extrapyramidal symptoms. The problem of extrapyrami
dal symptoms as an antipsychotic ADR is presented in more
detail later in this chapter.

Fatigue and Weakness
Strength loss and muscular weakness may occur for a
number of reasons in response to drug therapy. Some
agents, such as the skeletal muscle relaxants, may directly
decrease muscle contraction strength, whereas other
drugs, such as the diuretics, may affect muscle strength by
altering fluid and electrolyte balance. Elderly individuals
who are already debilitated will be more susceptible to
strength loss as an ADR.

Dizziness and Falls
Drug-induced dizziness can be especially detrimental in
older adults because of the increased risk of loss of balance
and falling. Problems with dizziness result from drugs that
produce sedation or from agents that directly affect vestibu
lar function. Examples of such agents include sedatives,
antipsychotics, opioid analgesics, and antihistamine
drugs. I4I,I54,184,236,239 Dizziness may also occur secondary to
drugs that cause orthostatic hypotension (see previous dis
cussion). Drug-induced dizziness and increased risk of falling
may be especially prevalent in older adults who already ex
hibit balance problems, and physical therapists should be es
pecially alert for these ADRs in these individuals.

Anticholinergic Effects
Acetylcholine is an important neurotransmitter that con
trols function in the central nervous system and also affects
peripheral organs such as the heart, lungs, and GI tract. A
number of drugs exhibit anticholinergic side effects, mean
ing that these agents tend to diminish the response of vari
ous tissues to acetylcholine. In particular, antihistamines,
antidepressants, and certain antipsychotics tend to exhibit
anticholinergic side effects. Acetylcholine affects several di
verse physiological systems throughout the body, and drugs
with anticholinergic effects are therefore associated with a
wide range of ADRs. Drugs with anticholinergic effects may
produce central nervous system effects such as confusion,
nervousness, drowsiness, and dizziness. Peripheral anti
cholinergic effects include dry mouth, constipation, urinary
retention, tachycardia, and blurred vision. The elderly seem
to be more sensitive to anticholinergic effects, possibly due
to the fact that acetylcholine influence has already started to
diminish as a result of the aging process. In any event, phys
ical therapists should be aware that a rather diverse array of

DRUG CLASSES COMMONLY USED IN
THE ELDERLY: IMPACT ON PHYSICAL
THERAPY
This section provides a brief overview of drug therapy in the
elderly. Included are some of the more common groups of
drugs that are prescribed to older adults. For each group, the
principal clinical indication or indications are listed, along
with a brief description of the mechanism of action of each
type of drug. The primary adverse effects and any specific
concerns for physical therapy in elderly patients receiving
these drugs are also discussed. Examples of typical drugs
found in each of the major groups are indicated in several ta
bles in this section. For additional information about spe
cific agents listed here, the reader can refer to one of the
sources listed at the end of this chapter. 39,91,176

Psychotropic Medications
Psychotropic drugs include a variety of agents that affect
mood, behavior, and other aspects of mental function. As a
group, the elderly exhibit a high incidence of psychiatric dis
orders.l06,237 Psychotropic drugs are therefore commonly
used in elderly individuals and are also associated with a
high incidence of adverse effects that can have an impact on
rehabilitation. 155,219 The major groups of psychotropic drugs
are listed in Table 12-2, and pertinent aspects of each group
are discussed here.
Sedative-Hypnotic and Antianxiety Agents
Sedative-hypnotic drugs are used to relax the patient and
promote a relatively normal state of sleep. Antianxiety drugs
are intended to decrease anxiety without producing excessive
sedation. Insomnia and disordered sleep may occur in elderly
individuals concomitant to normal aging or in response to
medical problems and life-style changes that occur with ad
vanced age. 80,132.153 Likewise, medical illness, depression, and
other aspects of aging may result in increased feelings of fear
and apprehension in older adults. 16,65.1oo,203,224,256.261 Hence, use
of sedative-hypnotic and antianxiety drugs is commonly en
countered in the elderly.
The primary group of agents used to promote sleep and
decrease anxiety in the elderly is the benzodiazepines (see
Table 12_2).16.132.224 Benzodiazepines are typically regarded as
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TABLE 12-2

PSYCHOTROPIC DRUG GROUPS
COMMON EXAMPLES
GROUP

GENERIC NAME

Sedative-Hypnotic Agents
Flurazepam
Benzodiazepines
Temazepam
Triazolam
Pentobarbital
Barbiturates
Secobarbital
Antianxiety Agents
Benzodiazepines

Azapirones

Antidepressants
Tricyclics
MAO* inhibitors
Second-generation
agents

Antipsychotics
Phenothiazines
Thioxanthenes
Butyrophenones
'MAO

TRADE NAME

Dalmane
Restoril
Haldon
Nembutal
Seconal Sodium

Chlordiazepoxide
Diazepam
Lorazepam
Buspirone

Librium
Valium
Ativan
BuSpar

Amitryptyline
Imipramine
Isocarboxazid
Phenelzine
Bupropion
Maprotiline
Fluoxetine

Elavil, Endep
Tofranil, Tripramine
Marplan
Nardil
Wellbutrin
Ludiomil
Prozac

Chlorpromazine
Thioridazine
Chlorprothixene
Thiothixene
Haloperidol

Thorazine
Mellaril
Taractan
Navane
Haldol

monoamine oxidase.

the principal sedative-hypnotic and antianxiety drugs be
cause they are somewhat safer and more effective than other
agents, such as the barbiturates and meprobamate (Mil
town). 107 Benzodiazepines exert their beneficial effects by in
creasing the central inhibitory effect of the neurotransmitter
gamma-aminobutyric acid (GABA).231 This increase in
GABA-mediated inhibition seems to account for the de
creased anxiety and increased sleepiness associated with
these drugs.
Despite the relative safety of currently used agents, several
problems still occur when benzodiazepines are used to treat
insomnia in the elderly. For instance, residual or "hangover"
effects may occur, producing drowsiness and sluggishness
the morning after a sedative-hypnotic is used. These effects
seem especially prevalent if a relatively long-acting benzodi
azepine, such as chlordiazepoxide, diazepam, or flurazepam,
is administered to an older patient.81 Physical therapists
should be especially aware of the possibility of residual ef
fects of sedative-hypnotic drugs when scheduling elderly pa
tients for rehabilitation first thing in the morning. Other po
tential adverse effects include "anterograde amnesia," in
which patients have lapses in short-term memory for the pe
riod immediately preceding drug administration and "re
bound insomnia," in which sleeplessness increases when the
drug is discontinued.132
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Use of benzodiazepines to treat sleep disorders can also
result in problems associated with addiction if these drugs
are used indiscriminately for prolonged periods (4 weeks or
longer ).132 These problems include the need to progressively
increase dosage to achieve beneficial effects (tolerance) and
the onset of withdrawal symptoms when the drug is discon
tinued (physical dependence). Oearly, benzodiazepines can
help the older patient cope with occasional sleep distur
bances, but these drugs should be used at the lowest possible
dose and for only short periods while trying to find non
pharmacological methods (e.g., counseling and decreased
caffeine use) to deal with the patient's insomnia. 25 ,m,ls3
Benzodiazepines are also associated with specific adverse
responses when used to treat anxiety in older adults. As pre
viously described, these agents can cause tolerance and phys
ical dependence when used for prolonged periods. Likewise,
sedation and cognitive impairment are possible side effects
when benzodiazepines are used to treat anxiety in the el
derly.222 Physical therapists should therefore realize that the
use of benzodiazepines in elderly patients is a two-edged
sword. Decreased anxiety may enable the patient to be more
relaxed and cooperative during rehabilitation, but any bene
fits will be negated if the patient experiences significant psy
chomotor slowing and is unable to remain alert during the
therapy session.
In order to treat anxiety more effectively in the elderly,
newer agents known as the azapirones (e.g., buspirone) have
been developed. 27,222 These agents appear to decrease anxiety
by directly stimulating serotonin receptors in certain parts of
the brain (dorsal raphe nucleus) rather than by increasing
GABA-mediated inhibition like the benzodiazepines. 27 More
importantly, azapirones such as buspirone do not cause se
dation, do not impair cognition and psychomotor function,
and appear to have a much lower potential for the patient
developing tolerance and physical dependence than tradi
tional agents such as the benzodiazepines. 27.172 Azapirones
are therefore much better tolerated in older adults and are
used increasingly in the treatment of various forms of anxi
ety in the elderly.27.m It will be interesting to see whether
buspirone and similar azapirones continue to gain favor as
drugs of choice in treating anxiety in older adults.
Antidepressants
Depression is the most common form of mental illness in
the general population as well as the most commonly ob
served mental disorder in the elderly.'90 Feelings of intense
sadness, hopelessness, and other symptoms may occur in the
elderly after a specific event (e.g., loss of a spouse, acute ill
ness) or in response to the gradual decline in health and
functional status often associated with aging. Drug therapy
may be instituted to help resolve these symptoms, along with
other nonpharmacological methods, such as counseling and
behavioral therapy.
There are several distinct groups of antidepressant med
ications: tricyclics, monoamine oxidase (MAO) inhibitors,
and the newer "second-generation" drugs (see Table 12-2).
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All antidepressant drugs share a common goal-to increase
synaptic transmission in central neural pathways that
use amine neurotransmitters such as norepinephrine,
dopamine, or 5-hydroxytryptamine (serotonin). The ratio
nale is that symptoms of depression are due to hypersensi
tivity of central amine receptors, and drugs that bring about
overstimulation of these receptors will cause a compen
satory decrease (downregulation) in the number of func
tioning receptors. 102 As receptor sensitivity stabilizes, the
clinical symptoms of depression appear to be resolved.
A primary focus in treating depression in the elderly has
been identifying which agents produce the best effects with
the least side effects. 243 In the past, tricyclic antidepressants
were often the drugs of choice, even though these drugs tend
to produce anticholinergic and other side effects (see the fol
lowing discussion). Certain second-generation drugs, how
ever, appear to be as effective as the tricyclics but may be bet
ter tolerated in older adults. In particular, agents such as

fluoxetine (Prozac), sertraline (Zoioft), and paroxetine
(PaJcil) have been advocated as drugs of choice in the elderly
because they generally have fewer severe side effects than
other antidepressants. 6o ,63,92,168,214 These agents are known
collectively as selective serotonin reuptake inhibitors (SSRIs)
because they tend to preferentially affect CNS synapses that
use serotonin as a neurotransmitter rather than affect
synapses using other amine transmitters, such as norepi
nephrine or dopamine. Considerable debate still exists, how
ever, and optimal use of SSRIs and other antidepressants in
the elderly remains under investigation.206,243
Antidepressants produce various side effects, depending
on the particular type of drug. As indicated earlier, tricyclic
antidepressants produce anticholinergic effects and may
cause dry mouth, constipation, urinary retention, and central
nervous system (CNS) symptoms such as confusion, cogni
tive impairment, and delirium. Tricyclics also cause sedation
and orthostatic hypotension, and these drugs can produce se
rious cardiotoxic effects after overdose.214 Monoamine oxi
dase inhibitors also produce orthostatic hypotension and
tend to cause insomnia. Side effects associated with the sec
ond-generation drugs vary depending on the specific agent.
As previously noted, certain effects that are particularly trou
blesome in the elderly (i.e., sedation, anticholinergic effects,
orthostatic hypotension) tend to occur less frequently with
the SSRIs. SSRIs, however, have a greater tendency to cause
other bothersome effects, such as GI distress. 92
Physical therapists should be aware that antidepressants
may help improve the patient's mood and increase the pa
tient's interest in physical therapy. Certain side effects, how
ever, such as sedation and confusion may impair the pa
tient's cognitive ability and make it difficult for some elderly
patients to participate actively in rehabilitation procedures.
Hence, selection of drugs that minimize these effects may be
especially helpful. Therapists should also be aware that it
may take 6 or more weeks from the onset of drug therapy
until an improvement occurs in the depressive symptoms.
This substantial time lag is critical because the patient may
actually become more depressed before mood begins to im

prove. Therapists should therefore look for signs that de
pression is worsening, especially during the first few weeks of
antidepressant drug therapy. A suspected increase in depres
sive symptoms should be brought to the attention of the ap
propriate member of the health care team (e.g., physician or
psychologist).
Manic-Depression: Lithium Treatment
As the name implies, manic-depression is a form of mental
illness characterized by mood swings from an excited, hy
peractive state (mania) to periods of apathy and dysphoria
(depression). Although the cause of manic-depression is un
known, this condition responds fairly well to the drug
lithium. It is not exactly clear how lithium prevents episodes
of manic-depression, but this drug may prevent the ex
citable, or manic, phase of this disorder, thus stabilizing dis
position and preventing the mood swings characteristic of
this disease. 210
It is important to be aware of the use oflithium for the
treatment of manic-depression in elderly patients since this
drug can rapidly accumulate to toxic levels in these individ
uals. 117 Lithium is an element and cannot be degraded in the
body to an inactive form. The body must therefore rely solely
on renal excretion to eliminate this drug. Because renal func
tion is reduced in the elderly, the elimination of this drug is
often impaired. Accumulation of lithium beyond a certain
level results in lithium toxicity.ll7 Symptoms of mild lithium
toxicity include a metallic taste in the mouth, fine hand
tremor, nausea, and muscular weakness and fatigue. These
symptoms increase as toxicity reaches moderate levels, and
other CNS signs such as blurred vision and incoordination
may appear. Severe lithium toxicity may cause irreversible
cerebellar damage, 117 and prolonged lithium neurotoxicity
can lead to coma and even death.
Hence, physical therapists working with elderly patients
who are taking lithium must continually be alert for any signs
of lithium toxicity. This idea is especially important if there is
any change in the patient's health or activity level that might
cause an additional compromise in lithium excretion.
Antipsychotics
Antipsychotic medications are often used to help normalize
behavior in older adults. Psychosis is the term used to de
scribe the more severe forms of mental illness that are char
acterized by marked thought disturbances and altered per
ceptions of reality.ll8 Aggressive, disordered behavior may
also accompany symptoms of psychosis. In the elderly, psy
chotic-like behavior may occur because of actual psychotic
syndromes (e.g., schizophrenia, severe paranoid disorders)
or may be associated with various forms of dementia. 119,238,258
In any event, antipsychotic drugs may be helpful in improv
ing behavior and compliance in elderly patients.
There are several major chemical classifications of an
tipsychotic drugs (see Table 12-2). These drugs all share a
common mechanism in that they impair synaptic transmis
sion in central dopamine pathways/o,267 It is theorized that
psychosis may be due to increased central dopamine influ
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ence. Antipsychotic drugs are believed to reduce this
dopaminergic influence, thus helping to decrease psychotic
like behavior.
Antipsychotic drugs are associated with several annoying
but fairly minor side effects, such as sedation and anti
cholinergic effects (e.g., dry mouth, constipation). Orthosta
tic hypotension may also occur, especially within the first
few days after drug treatment is initiated. A more serious
concern with antipsychotic drugs is the possibility of ex
trapyramidal side effects. 109,242 As discussed earlier in this
chapter, motor symptoms that mimic lesions in the ex
trapyramidal tracts are a common ADR associated with
these medications, especially in the elderly.I09 For instance,
patients may exhibit involuntary movements of the face, jaw,
and extremities (tardive dyskinesia), symptoms that resem
ble Parkinson's disease (pseudoparkinsonism), extreme rest
lessness (akathisia), or other problems with involuntary
muscle movements (dystonias).75,124,193 Early recognition of
these extrapyramidal signs is important since they may per
sist long after the antipsychotic drug is discontinued, or
these signs may even remain permanently. This fact seems
especially true for drug-induced tardive dyskinesia, which
may be irreversible if antipsychotic drug therapy is not al
tered when these symptoms first appear. 124
The use of antipsychotic drugs may have beneficial ef
fects on rehabilitation outcomes since patients may be
come more cooperative and less agitated during physical
therapy. Therapists should be especially alert for the onset
of any extrapyramidal symptoms because of the potential
that these symptoms may result in long-term or perma
nent motor side effects. Therapists should realize, how
ever, that antipsychotics have often been used inappropri
ately in older adults,178,219,220 These medications are
approved to help control certain psychotic-related symp
toms, including behavioral problems such as aggression
and severe agitation. These drugs, however, should not be
used indiscriminately as "tranquilizers" to control all un
wanted behaviors in the elderly. As indicated earlier, gov
ernment regulations have been instituted to help decrease
the inappropriate and unnecessary use of these medica
tions in older adults.227,267
Treatment of Dementia
Dementia is a term used to describe a fairly global decline in
intellectual function, with marked impairments in cogni
tion, speech, personality, and other skills." Some forms of
dementia may be due to specific factors such as an infection,
metabolic disorder, or an adverse reaction to drugs that have
psychoactive side effects. 192,258 These so-called reversible de
mentias are often resolved if the precipitating factor is iden
tified and corrected. Irreversible dementia is typically associ
ated with progressive degenerative changes in cortical
structure and function such as those occurring in
Alzheimer's disease. Drug treatment of irreversible dementia
follows two primary strategies: improving cognitive func
tion and treating behavioral symptoms. These strategies are
discussed briefly here.

191

In the past, attempts to improve cognitive function using
various medications resulted in only limited success in per
sons with irreversible dementia. Recent drug development,
however, has focused on the use of agents that increase
acetylcholine function in the brain. It is known that acetyl
choline influence in the brain begins to diminish because of
the neuronal degeneration inherent to Alzheimer's disease.
Therefore, drugs that increase cholinergic activity may help
improve intellectual and cognitive function in persons with
Alzheimer-type dementia. As a result, agents such as tacrine
(Cognex) and donepezil (Aricept) have been developed to
specifically improve cognition and behavioral function in
persons with Alzheimer's disease. 53,235 These drugs inhibit
the acetylcholinesterase enzyme, thus decreasing acetyl
choline breakdown and prolonging the activity of this neu
rotransmitter in the brain.
Regrettably, cholinergic stimulants provide only moder
ate benefits in patients who are in the relatively early stages
of this disease,250 i.e., these drugs may help patients retain
more cognitive and intellectual function during the mild to
moderate stages of Alzheimer's disease, but these benefits are
eventually lost as the disease progresses. Likewise, these
drugs do not appear to delay the neurodegenerative changes
that underlie this disease, and side effects such as GI distress
and liver toxicity may limit the use of these drugs in some
patients. 6,250 Still, these agents may help sustain cognitive
function during the early course of Alzheimer's disease, thus
enabling patients to continue to participate in various activ
ities, including physical therapy. Other pharmacological
strategies that enhance cognition or delay the degenerative
changes in Alzheimer's disease are currently being explored,
and these strategies may help provide more long-lasting ef
fects in the future. 161 ,203
Consequently, there do not appear to be any drugs at pre
sent that conclusively improve or maintain intellectual func
tion in patients with advanced cases of irreversible demen
tia. However, some of the other drugs already discussed in
this chapter may be used to help normalize and control be
havior in patients with Alzheimer's disease and other forms
of dementia. In particular, antipsychotic drugs may help im
prove certain aspects of behavior, such as decreased halluci
nations and diminished feelings of hostility and suspicious
ness. 57 ,215,227 Response to these drugs, however, is highly
variable, and side effects are quite common when these
drugs are given to older people."
As noted earlier, efforts are also being made to decrease
the indiscriminate use of antipsychotics in persons with
Alzheimer's disease. For example, nonpharmacological in
terventions such as therapeutic activities, environmental
modification, and care-giver support/education should be
considered before resorting to drug therapy.64,182,204,227,234 If
drug therapy is required, choice of a specific medication
should be based on the specific symptoms exhibited by each
patient. 204 For example, the severely anxious patient may re
spond better to an antianxiety drug, the depressed patient
may respond to an antidepressant, and so on.234 The idea
that antipsychotics are not a panacea for all dementia-like
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symptoms is certainly worth considering, and the use of al
ternative interventions may decrease the incidence of
polypharmacy and antipsychotic-related side effects.

Neurological Agents
In addition to the drugs that affect mood and behavior, there
are specific agents that are important in controlling certain
neurological conditions in the elderly. Drug treatment of
two of these conditions, Parkinson's disease and seizure dis
orders, is discussed here.
Drugs Used for Parkinson's Disease
Parkinson's disease is one of the more prevalent disorders in
the elderly, with more than 1% of the population older than
60 years of age being afflicted. This disease is caused by the
degeneration of dopamine-secreting neurons located in the
basal ganglia. so Loss of dopaminergic influence initiates an
imbalance in other neurotransmitters, including an increase
in acetylcholine influence. This disruption in transmitter ac
tivity ultimately results in the typical parkinsonian motor
symptoms of rigidity, bradykinesia, resting tremor, and pos
tural instability. 50
Drug treatment of Parkinson's disease usually focuses on
restoring the balance of neurotransmitters in the basal gan
glia. so,18B The most common way of achieving this is to ad
minister 3,4-dihydroxyphenylalanine (dopa), which is the
immediate precursor to dopamine. Dopamine itself will not
cross the blood-brain barrier, meaning that dopamine will
not move from the bloodstream into the brain, where it is ul
timately needed. However,levodopa (the L-isomer of dopa)
will pass easily from the bloodstream into the brain, where it
can then be transformed into dopamine and help restore the
influence of this neurotransmitter in the basal ganglia.
Levodopa is often administered orally with a drug known
as carbidopa. Carbidopa inhibits the enzyme that transforms
levodopa to dopamine in the peripheral circulation, thus al
lowing levodopa to cross into the brain before it is finally
converted to dopamine. If levodopa is converted to
dopamine before reaching the brain, the dopamine will be
useless in Parkinson's disease because it becomes trapped in
the peripheral circulation. The simultaneous use of car
bidopa and levodopa allows smaller doses of levodopa to be
administered, because less of the levodopa will be wasted
due to premature conversion to dopamine in the periphery.
Levodopa therapy often produces dramatic beneficial ef
fects, especially during the mild to moderate stages of
Parkinson's disease. Nonetheless, levodopa is associated with
several troublesome side effects. so In particular, levodopa
may cause GI distress (e.g., nausea, vomiting) and cardio
vascular problems (e.g., arrhythmias, orthostatic hypoten
sion), especially for the first few days after drug therapy is
initiated. Neuropsychiatric problems (e.g., confusion, de
pression, anxiety, hallucinations) and problems with invol
untary movements (e.g., dyskinesia) have also been noted in
patients on levodopa therapy.103 Perhaps the most frustrat
ing problem, however, is the tendency for the effectiveness of

levodopa to diminish after 4 or 5 years of continuous use. 136
The reason for this diminished response is not fully under
stood but may be related to the fact that levodopa replace
ment simply cannot adequately restore neurotransmitter
dysfunction in the final stages of this disease, i.e., levodopa
therapy may help supplement endogenous dopamine pro
duction in early to moderate Parkinson's disease, but this ef
fect is eventually lost when the substantia nigra neurons de
generate beyond a certain point. Other fluctuations in the
response to levodopa have been noted with long-term use,136
These fluctuations include a spontaneous decrease in lev
odopa effectiveness in the middle of a dose interval (on-off
phenomenon) or loss of drug effects toward the end of a
dose cycle (end-of-dose akinesia), The reasons for these fluc
tuations are poorly understood but may be related to prob
lems in the absorption and metabolism of levodopa in the
later stages of Parkinson's disease.
Fortunately, several other agents are currently available to
help alleviate the motor symptoms associated with Parkin
son's disease (Table 12_3).50 Drugs such as bromocriptine
(Parlodel) and pergolide (Permax) mimic the effects of
dopamine and can be used to replace the deficient neuro
transmitter. Anticholinergic drugs (e.g., biperiden, etho
propazine) act to decrease acetylcholine influence in the
brain and can attenuate the increased effects of acetylcholine
that occur when dopamine influence is diminished. Aman
tadine (Symmetrel) is actually an antiviral drug that also ex
erts antiparkinson effects, presumably by facilitating the re
lease of dopamine from storage sites in the basal ganglia.

TABLE 12-3

DRUGS USED IN NEUROLOGICAL DISORDERS
GENBRIC NAME

TRADENAMB

Drugs Used in Parkinson's Disease
Dopamine precursors
Dopamine agonists
Anticholinergic drugs

Others

Levodopa
Bromocriptine
Pergolide
Benztropine
Biperiden
Ethopropazine
Procydidine
Amantadine
Selegiline

Sinemet*
Parlodel
Permax
Cogentin
Akineton
Parsidol
Kemadrin
Symadine, Symmetrel
Eldepryl

Drugs Used in Seizure Disorders
Barbiturates
Benzodiazepines
Hydantoins

Succinimides
Others

Mephobarbital
Phenobarbital
Clonazepam
Clorazepate
Ethotoin
Mephenytoin
Phenytoin
Ethosuximide
Methsuximide
Carbamazepine
Valproic acid

Mebaral
Solfoton
Klonopin
Tranxene
Peganone
Mesantoin
Dilantin
Zarontin
Celontin
Tegretol
Depakene

'Indicates trade name for levodopa combined with carbidopa, a peripheral
decarboxylase inhibitor.
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Selegiline (Eldepryl) inhibits the enzyme that degrades
dopamine, thus prolonging the effects of any dopamine that
exists in the basal ganglia.
Consequently, levodopa therapy is still the cornerstone of
treatment in persons with Parkinson's disease, but several
other agents are now available that can be used in combina
tion with or instead of levodopa to create an optimal drug
regimen for each patient. 8 ,95,254 Nonetheless, current phar
macotherapy of Parkinson's disease has some considerable
shortcomings, and treatment of patients is often limited by
inadequate effects or toxic side effects, especially during the
advanced stages of this disease. Additional drug treatments
are being considered that may actually help delay the neu
rodegenerative changes inherent to Parkinson's disease. 37,87 If
proven effective, these treatments would offer substantial
benefits because they would help slow the progression of this
disease rather than merely treat the parkinsonian symptoms.
Physical therapists working with patients with Parkin
son's disease should attempt to coordinate rehabilitation ses
sions with the peak effects of drug therapy whenever possi
ble. For instance, scheduling physical therapy when levodopa
and other antiparkinson drugs reach peak effects (usually 1
hour after oral administration) will often maximize the pa
tient's ability to actively participate in exercise programs and
functional training. Therapists should also be cognizant of
the potential side effects of levodopa, including the tendency
for responses to fluctuate or diminish with prolonged use.
Physical therapists may also play an important role in docu
menting any decline or alteration in drug effectiveness while
working closely with patients with Parkinson's disease.
Drugs Used to Control Seizures
Seizure disorders such as epilepsy are characterized by the
sudden, uncontrolled firing of a group of cerebral neu
rons. 2OO This uncontrolled neuronal excitation is manifested
in various ways, depending on the location and extent of the
neuronal involvement, and seizures are classified according
to the motor and sensory symptoms that occur during a
seizure. In the general population, the exact cause of the
seizure disorder is often unknown. In the elderly, however,
seizure activity may be attributed to a fairly well-defined
cause such as a previous CNS injury (e.g., stroke, trauma),
tumor, or degenerative brain disease.133 If the cause cannot
be treated by surgical or other means, pharmacological
management remains the primary method of preventing re
current seizures.
The primary goal of antiseizure drugs is to normalize the
excitation threshold in the group of hyperexcitable neurons
that initiate the seizure. 199 Ideally this can be accomplished
without suppressing the general excitation level within the
brain. Several groups of chemically distinct antiseizure drugs
are currently in use, and each group uses a different bio
chemical mechanism to selectively decrease excitability in
the seizure-prone neurons (see Table 12-3). The selection of
a particular antiseizure drug depends primarily on the type
of seizure present in each patient. 137,199

Sedation is the most common side effect that physical
therapists should be aware of when working with elderly pa
tients who are taking seizure medications. Other annoying
side effects include GI distress, headache, dizziness, incoor
dination, and dermatological reactions (e.g., rashes). More
serious problems, such as liver toxicity and blood dyscrasias
(aplastic anemia), may occur in some patients. In addition to
monitoring these side effects, physical therapists can play an
important role in helping assess the effectiveness of the anti
seizure medications by observing and documenting any
seizures that may occur during the rehabilitation session.

Treatment ofPain and Inflammation
Pharmacological treatment of pain and inflammation is used
in the elderly to help resolve symptoms of chronic conditions
(e.g., rheumatoid arthritis and osteoarthritis) as well as acute
problems resulting from trauma and surgery.55,61 Drugs used
for analgesic and anti-inflammatory purposes include the
opioid analgesics, non-opioid analgesics, and glucocorticoids
(Table 12-4). These are discussed briefly here.
TABLE 12-4

DRUGS USED TO TREAT PAIN AND
INFLAMMATION
COMMON EXAMPLES
CATEGORY

GENERIC NAME

TRADE NAME

Opioid
Analgesics

Codeine
Meperidine
Morphine
Oxycodone
Propoxyphene

Many trade names
Demerol
Many trade names
Roxicodone
Darvon, others

Non-opioid Analgesics
NSAIDs
Aspirin
Ibuprofen
Ketoprofen
Naproxen
Piroxicam
Sulindac
Acetaminophen
Betamethasone
Corticosteroids
Cortisone
Hydrocortisone

Prednisone
Disease-Modifying Drugs *
Gold compounds Auranofin
Aurothioglucose
Gold sodium
thiomalate
Chloroquine
Antimalarials
Hydroxy
chloroquine
Others
Penicillamine
Methotrexate

Azathioprine

Many trade names
Advil, Motrin, others
Orudis
Naprosyn, Anaprox
Feidene
Clinoril
Tylenol, Panadol
Celestone
Cortone Acetate
Cortef, Hydrocortone,
others
Deitasone, others
Ridaura
Solganal
Myochrysine
Aralen HCl
Plaquenil Sulfate
Cuprimine, Depen
Rheumatrex Dose Pack,
others
Imuran

*Drugs used to slow the progression of rheumatoid arthritis.
NSAIDs = nonsteroidal anti-inflammatory drugs.
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Opioid Analgesics
Opioid analgesics compose the group of drugs used to treat
relatively severe, constant pain. These agents, also known as
narcotics, are commonly used to reduce pain in elderly pa
tients after surgery or trauma, or in more chronic situations
such as cancer.67 Opioids vary in terms of their relative anal
gesic strength, with drugs such as morphine and meperidine
(Demerol) having strong analgesic properties, and drugs
such as codeine having a more moderate ability to decrease
pain. These drugs exert their beneficial effects by binding to
opioid receptors in the brain and spinal cord, thereby im
pairing synaptic transmission in pain-mediating path
ways.59,2M Opioid analgesics are often characterized by their
ability to alter pain perception rather than completely elim
inating painful sensations. This effect allows the patient to
focus on other things rather than being continually preoccu
pied by the painful stimuli.
Physical therapists should be aware that the analgesic ef
fects of opioid drugs tend to be accompanied by many side
effects that can influence the patient's participation in reha
bilitation.67 Adverse side effects such as sedation, mood
changes (e.g., euphoria or dysphoria), and GI problems (e.g.,
nausea, vomiting, constipation) are quite common. Ortho
static hypotension and respiratory depression are also com
mon side effects, especially for the first few days after opioid
analgesic therapy is started. Confusion may be a problem,
particularly in older adults. Finally, aspects of drug addic
tion, including tolerance and physical dependence, are al
ways a concern when opioid analgesics are used for pro
longed periods.
Non-Opioid Analgesics
Treatment of mild to moderate pain is often accomplished
by the use of two types of non-opioid agents: NSAIDs and
acetaminophen. NSAIDs compose a group of drugs that are
therapeutically similar to aspirin (see Table 12-4). These
aspirin-like drugs produce four therapeutic effects: analge
sia, decreased inflammation, decreased fever (antipyresis),
and decreased platelet aggregation (anticoagulant effects).
Acetaminophen appears to have analgesic and antipyretic
properties similar to the NSAIDs, but acetaminophen lacks
any significant anti-inflammatory or anticoagulation effects.
NSAIDs and acetaminophen exert most, if not all, of their
beneficial effects by inhibiting the synthesis of a group of
compounds known as the prostaglandins. Prostaglandins are
produced locally by many cells and are involved in mediat
ing certain aspects of pain and inflammation. 51 ,123 Aspirin
and other NSAIDs inhibit the enzyme that synthesizes
prostaglandins in the central nervous system as well as pe
ripheral tissues, thus diminishing the painful and inflamma
tory effects of these compounds throughout the body. 189,246
Acetaminophen also inhibits prostaglandin biosynthesis, but
this inhibition may only occur in the central nervous system,
thus accounting for the differences in acetaminophen and
NSAID effects.66

NSAID use in elderly patients tends to be fairly safe when
these drugs are used in moderate doses for short peri
OdS. 162,174,194 The most common side effect is gastrointestinal
irritation, and problems ranging from minor stomach upset
to serious gastric ulceration can occur in older adults. 99,213
Renal and hepatic toxicity may also occur, especially if
higher doses are used for prolonged periods or in patients
with pre-existing kidney or liver disease. 7,233 Other problems
that may occur in elderly patients include allergic reactions
(e,g., skin rashes) and possible CNS toxicity (e.g., confusion,
hearing problems). In particular, tinnitus (a ringing or
buzzing sound in the ears) may develop with prolonged as
pirin use, and this side effect may be especially annoying and
distressing to older adults.
Acetaminophen does not produce any appreciable gastric
irritation and may be taken preferentially by elderly patients
for that reason. It should be noted, however, that aceta
minophen lacks anti-inflammatory effects and may be infe
rior to NSAIDs if pain and inflammation are present. Aceta
minophen may also be more hepatotoxic than the NSAIDs
in cases of overdose or in persons who are dehydrated, con
sume excessive amounts of alcohol, and so forth.
Glucocorticoids
Glucocorticoids are steroids produced by the adrenal cortex
that have a number of physiological effects, including a po
tent ability to decrease inflammation. 202 Synthetic derivatives
of endogenously produced glucocorticoids can be adminis
tered pharmacologically to capitalize on the powerful anti
inflammatory effects of these compounds. These agents are
used to treat rheumatoid arthritis and a variety of other dis
orders that have an inflammatory component. Glucocorti
coids exert their anti-inflammatory effects through several
mechanisms, including the ability to suppress leukocyte
function and to inhibit the production of pro-inflammatory
substances, such as prostaglandins and leukotrienes, at the
site of inflammation.126,189,202
The powerful anti-inflammatory e_ffects of glucocorticoids
must be balanced against the risk of several serious adverse
effects. In particular, physical therapists should be aware that
these drugs produce a general catabolic effect on supporting
tissues throughout the body.96,122 Breakdown of bones, liga
ments, tendons, skin, and muscle can occur after prolonged
systemic administration of glucocorticoids. This breakdown
can be especially devastating in the elderly patient who al
ready has some degree of osteoporosis or muscle wasting. 96
Glucocorticoids also produce other serious adverse effects,
including hypertension, peptic ulcer, aggravation of diabetes
mellitus, glaucoma, increased risk of infection, and suppres
sion of normal corticosteroid production by the adrenal cor
tex. Adrenocortical suppression can have devastating or even
fatal results if the exogenous (drug) form of the glucocorti
coid is suddenly withdrawn because the body is temporarily
incapable of synthesizing adequate amounts of these impor
tant compounds. Finally, it should be realized that glucocor
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ticoids often treat a disease manifestation (inflammation)
without resolving the underlying cause of the disease. For in
stance, the elderly patient with rheumatoid arthritis may ap
pear quite healthy due to this "masking" effect of glucocorti
coids, whereas other sequelae of this disease (e.g., bone
erosion, joint destruction) continue to worsen.
Other Drugs Used in Inflammatory Disease: Disease
Modifying Agents
Because NSAIDs and other anti-inflammatory drugs do not
usually slow the disease process in rheumatoid arthritis,
efforts have been made to develop drugs that try to curb the
progression of this disease. 147 These so-called disease
modifying antirheumatic drugs (DMARDs) include an as
sortment of agents with different chemical and pharmaco
dynamic properties (see Table 12_4).46,73 In general, these
agents have immunosuppressive effects that blunt the au
toimmune response that is believed to underlie rheumatic
joint disease. 23,49,73,128,201,249 The use and effectiveness of vari
0us drugs in this category remain under investigation, but it
seems that certain agents. such as the gold compounds and
methotrexate have been successful in arresting or even re
versing some of the arthritic changes in certain patients

with this disease. 77,98,1ll,164,\83 Hence, a current trend is to use
DMARDs fairly early in the course of rheumatoid arthritis so
that these drugs can help prevent some of the severe joint de
struction associated with this disease. 21 ,I05,114,179,248 Regrettably,
use of these DMARDs is limited in many patients because of
toxic effects such as GI distress and renal impairment. 45 ,73,263
Future studies should provide more information about the
optimal use of DMARDs and other innovative treatments for
rheumatoid arthritis. 35,71,143,20\

Cardiovascular Drugs
Cardiovascular disease is one of the leading causes of mor
bidity and mortality in elderly individuals. Various drugs are
therefore used to prevent and treat cardiovascular problems
in older adults, and many of these medications can directly
affect rehabilitation of the elderly. Some of the more com
mon cardiovascular drugs are listed in Table 12-5 and are
discussed briefly here.
Beta-Adrenergic Blockers
Beta-adrenergic antagonists, or "beta-blockers;' are so
named because they bind to beta-I-receptors on the heart
and block the effects of catecholamines (epinephrine, norep-

TABLE 12-5

COMMON EXAMPLES
DRUG GROUP

PRIMARY INDICATIONS

GENERIC NAME

TRADE NAME

Alpha-blockers

Hypertension

Angiotensin -converting
enzyme inhibitors
Anticoagulants

Hypertension, CHF

Beta-blockers

Hypertension
Angina
Arrhythmias

Calcium channel blockers

Hypertension
Angina
Arrhythmias
Hypertension

Phenoxybenzamine
Prazosin
Captopril
Enalapril
Heparin
Warfarin
Atenolol
Metoprolol
Nadolol
Propranolol
Diltiazem
Nifedipine
Verapamil
Clonidine
Methyldopa
Digoxin
Chlorothiazide
Furosemide
Spironolactone
Amiodarone
Bretylium
Nitroglycerin
Guanethidine
Reserpine
Quinidine
Lidocaine
Hydralazine
Minoxidil

Dibenzyline
Minipress
Capoten
Vasotec
Liquaemin Sodium
Coumadin
Tenormin
Lopressor
Corgard
Inderal
Cardizem
Adalat, Procardia
Calan, Isoptin SR
Catapres
Aldomet
Lanoxin
Diuril
Lasix
Aldactone
Cordarone
Bretylol
Nitrostat, others
Ismelin
Serpalan
Cin-Quin, others
Xylocaine, others
Apresoline
Loniten

Centrally acting
sympatholytics
Digitalis glycosides
Diuretics

CHF

CHF
Hypertension, CHF

Drugs that prolong
repolarization
Organic nitrates
Presynaptic adrenergic
depletors
Sodium channel blockers

Arrhythmias

Vasodilators

Hypertension

congestive heart failure.

Angina
Hypertension
Arrhythmias

~
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inephrine) on myocardial tissues. Catecbolamines normally
accelerate cardiac function, and beta-blockers negate this ef
fect thus causing decreased heart rate (negative chronotropic
effect) and decreased myocardial contraction force (negative
inotropic effect). Owing to their ability to slow heart rate
and contractile force, these drugs have become a mainstay in
managing a number of cardiovascular problems such as hy
pertension, angina pectoris, and cardiac arrhythmias. 3s,74
The ability of beta-blockers to reduce cardiac workload also
enables these drugs to reduce mortality and enhance recov
ery after myocardial infarction lO,78 as well as to help treat cer
tain types of heart failure!,,94
Beta-blockers are therefore used extensively to treat a num
ber of common cardiovascular problems. These drugs are also
used extensively because they tend to be fairly well-tolerated
and have a relatively low incidence of serious adverse effects,
Elderly individuals, however, tend to be more susceptible to
certain side effects of these agents, such as depression,
lethargy, and sleep disorders,1I6 Other problems with beta
blockers occur because of the tendency of these drugs to at
tenuate cardiac pumping ability. For instance, heart rate will
be lower at any given exercise workload in a patient taking
beta-blockers.m Orthostatic hypotension may occur due to
the decreased ability of the heart to redistribute vascular fluid
after a change in posture. Naturally, these cardiac effects will
be exaggerated in the elderly patient with pre-existing cardio
vascular problems or decreased cardiac function secondary to
prolonged inactivity. Physical therapists working with the el
derly should recall that beta-blockers will limit the cardiac re
sponse to exercise and postural changes, and some rehabilita
tion procedures (e.g., ambulation activities, various exercise
regimens) may have to be changed accordingly.
Diuretics
Diuretics act on the kidneys to increase the 'excretion ofwa
ter and sodium.38 This action decreases the amount of fluid
in the vascular system, thus decreasing cardiac workload, i.e.,
the heart does not have to work as hard since there is less
fluid to pump. Diuretics are. classified according to their
chemical structure (thiazides) or according to their mecha
nism of action (loop and potassium-sparing agents). Di
uretic agents are used primarily in the treatment of hyper
tension and congestive heart failure. 38,113
The primary problems with diuretics are associated with
the tendency of these drugs to cause fluid volume depletion
and electrolyte imbalances, such as low blood sodium (hy
ponatremia) and low blood potassium (hypokalemia).26,69
These effects can be particularly harmful in the older patient
with pre-existing volume depletion or hypokalemia due to
poor diet. 'ss Problems with fluid and electrolyte balance are
often manifested through central symptoms (e.g., confusion,
mood change) and peripheral problems involving skeletal
muscle (e.g., weakness, fatigue). Orthostatic hypotension
may also result due to an inadequate amount of intravascu
lar fluid being available for redistribution on standing. Phys
ical therapists working with the elderly can play an impor

tant role in recognizing these drug-related changes in func
tion and alerting the medical staff of a potential problem in
diuretic therapy.
Organic Nitrates
Organic nitrates such as nitroglycerin are used to prevent
episodes of angina pectoris.38 Angina typically occurs when
myocardial oxygen demand exceeds myocardial oxygen sup
ply. Nitroglycerin decreases myocardial oxygen demand by
vasodilating the peripheral vasculature. '69 Peripheral vasodi
lation causes a decrease in the amount of blood returning to
the heart (cardiac preload) as well as the amount of pressure
in the vascular system that the heart must pump against
(cardiac afterload). Consequently, cardiac workload and
oxygen demand are temporarily reduced, thus allowing the
anginal attack to subside.
Nitrates can be administered at the onset of an anginal at
tack by placing the drug under the tongue (sublingually).
These drugs can also be administered transdermally using
drug-impregnated patches that allow slow, steady absorp
tion of nitrate into the bloodstream. The use of nitrate
patches has gained favor because the continuous adminis
tration of small amounts of drug may help prevent the on
set or reduce the severity of anginal attacks.93.253
The primary adverse effects that may affect physical ther
apy are related to the peripheral vasodilating effects of the
nitrates. Blood pressure may decrease in patients taking ni
troglycerin, and dizziness due to hypotension is a common
problem. Likewise, orthostatic hypotension may occur if the
patient stands suddenly. Headache may also occur due to va
sodilation of meningeal vessels. These side effects are most
common immediately after the patient takes a rapid-acting
sublingual dose. Hence, therapists should be especially con
cerned about hypotensive effects from the first minutes to 1
hour after a patient self-administers a sublingual dose of ni
trates. Finally. patients who take nitrates sub lingually must
be sure to bring their medications with them to physical
therapy so that the patient can self~administer the nitrate if
anginal symptoms occur during the rehabilitation session.
Antiarrhythmic Drugs
Disturbances in cardiac rhythm-i.e., a heart rate that is too
slow, too fast, or irregular-may occur in the elderly for var
ious reasons.247 A variety of different drugs can be used to
stabilize heart rate and normalize cardiac rhythm, and these
agents are typically grouped into four categories.156.207
Sodium channel blockers (lidocaine, quinidine) control
myocardial excitability by stabilizing the opening and clos
ing of membrane sodium channels. Beta-blockers (metopro
101, propranolol) normalize heart rate by blocking the effects
of cardioacceleratory substances such as norepinephrine and
epinephrine. Drugs that prolong cardiac repolarization
(bretylium) stabilize heart rate by prolonging the refractory
period of cardiac action potentials. Calcium channel block
ers (diltiazem, verapamil) decrease myocardial excitability
and conduction of action potentials by limiting the entry of
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calcium into cardiac muscle cells. Although different antiar
rhythmic drugs have various side effects, the most common
adverse reaction is an increased risk of cardiac arrhyth
mias/52 i.e., drugs used to treat one type of arrhythmia may
inadvertendy cause a different type of rhythm disturbance.
Physical therapists should be alert for changes in cardiac
rhythm by monitoring heart rate in elderly patients who are
taking antiarrhythmic drugs.
Drugs Used in Geriatric Hypertension
An increase in blood pressure is commonly observed in the
elderly, and this increase is believed to be due to changes in
cardiovascular function (e.g., decreased compliance of vas
cular tissues, decreased baroreceptor sensitivity) and dimin
ished renal function (e.g., decreased ability to excrete water
and sodium) that normally occur with aging. 2 A mild in
crease in blood pressure may not necessarily be harmful in
the older adult and may in fact have a protective effect in
maintaining adequate blood flow to the brain and other or
gans. 2l7 However, blood pressure values above certain levels
(systolic and diastolic values greater than 180 mm Hg and
100 mm Hg, respectively) are treated in elderly patients in
order to reduce the risk of mortality and morbidity due to
cardiovascular complications. 165,166,180,181,221 The goal of anti
hypertensive therapy is not to reduce blood pressure in the
older adult to levels equivalent to those seen in normoten
sive young adults who have systolic and diastolic values of
120 mm Hg and 80 mm Hg, respectively. Rather, target val
ues of 160 mm Hg systolic and 90 mm Hg diastolic are rec
ommended as much more realistic and safer goals in treat
ing geriatric hypertension, 180
Fortunately, a large and diverse array of antihypertensive
agents is available for treating geriatric patients with hyper
tension (see Table 12-5). Diuretic agents (discussed earlier)
reduce blood pressure by diminishing the volume of fluid
in the vascular system. Sympatholytic agents (e.g., beta
blockers, alpha-blockers) work in various ways to interrupt
sympathetic stimulation of the heart and peripheral vascu
lature. Vasodilators reduce peripheral vascular resistance
by directly relaxing vascular smooth muscle. Angiotensin
converting enzyme (ACE) inhibitors block the formation of
angiotensin II, a potent vasoconstrictor that also produces
adverse structural changes in vascular tissues. Finally, cal
cium channel blockers inhibit the entry of calcium into car
diac muscle cells and vascular smooth muscle cells, thus re
ducing contractility in these tissues.
Which antihypertensive agent or agents will be used in a
given geriatric patient depends on several factors, such as the
magnitude of the hypertension and any other medical prob
lems existing in that patient. Often, a "stepped-care" ap
proach is used, in which one drug is used initially, and other
drugs are added sequentially until blood pressure is ade
quately reduced. D8 For example, diuretics and beta-blockers
are often used initially to control hypertension in the older
adult,125,IB6,255 Other drugs such as ACE inhibitors and cal
cium channel blockers can be added or substituted based on
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the individual needs of each patient. 127,209,240 Regardless of
which agent is used initially, a successful antihypertensive
drug regimen should be designed specifically for each pa
tient and should incorporate the "low-and-slow" philosophy
of starting with low doses of each drug and slowly increasing
dosages as needed.
The various drugs that could be used to manage hyper
tension are all associated with specific side effects. A com
mon concern, however, is that blood pressure will be re
duced pharmacologically to the point where symptoms of
hypotension become a problem. Therapists should always be
aware that dizziness and syncope may occur due to low
blood pressure when the patient is stationary and especially
when the patient stands (orthostatic hypotension). Also, any
physical therapy intervention that causes an additional de
crease in blood pressure should be used very cautiously in
geriatric patients who are taking antihypertensive drugs.
Treatments such as systemic heat (e.g., large whirlpool, Hub
bard tank) and exercise using large muscle groups may cause
peripheral vasodilation that acts synergistically with the an
tihypertensive drugs to produce a profound and potentially
serious decrease in blood pressure.
Drugs Used in Congestive Heart Failure
Congestive heart failure is a common disorder in older
adults and is characterized by a progressive decline in cardiac
pumping ability.I39,187,2GB As the pumping ability of the heart
diminishes, fluid often collects in the lungs and extremities
(hence the term congestive heart failure). Treatment of this
disorder typically consists of using drugs that improve myo
cardial pumping ability (e.g., digitalis glycosides, beta-block
ers) combined with drugs that reduce fluid volume and vas
cular resistance (e.g., diuretics, ACE inhibitors,
vasodilators)Y,38,139 Digitalis glycosides such as digoxin
cause an increase in myocardial pumping ability by a com
plex biochemical mechanism that increases the calcium con
centration in myocardial cells. Beta-blockers reduce exces
sive sympathetic stimulation of the heart, thus stabilizing
heart rate and allowing more normal ventricular function in
certain types of heart failure. Diuretics are used to increase
renal excretion of water and sodium, thus decreasing some
of the excess fluid in the lungs and body tissues. ACE in
hibitors and vasodilators, such as the organic nitrates, reduce
peripheral vascular tone, thus decreasing the pressure the
heart must pump against.
The adverse effects of beta-blockers, diuretics, and ni
trates were discussed earlier in this chapter. These agents are
relatively safe when used to treat heart failure in the elderly.
Likewise, ACE inhibitors are tolerated fairly well in older
adults, although hypotension and orthostatic hypotension
may occur when these drugs are first administered to elderly
individuals. 241 Digoxin and similar drugs, however, are often
associated with some common and potentially serious side
effects. These agents can accumulate rapidly in the blood
stream of an elderly patient, resulting in digitalis toxicity/9
Digitalis toxicity is characterized by gastrointestinal symp

.

~

t

198

Part Two

PRINCIPLES AND CONCEPTS OF ASSESSMENT

toms (e.g., nausea, vomiting, diarrhea), eNS disturbances
(e.g., confusion, blurred vision, sedation), and cardiac ar
rhythmias. Arrhythmias can be quite severe and may result
in cardiac fatalities if digitalis toxicity is not quickly rectified.
Physical therapists should be alert for signs of digitalis toxi
city because early recognition is essential in preventing the
more serious and potentially fatal side effects of these drugs.
Drugs Used in Coagulation Disorders
Excessive hemostasis, or a tendency for the blood to clot too
rapidly, is a common and serious problem in the older
adult.225 Formation of blood clots may result in throm
bophlebitis and thromboembolism. These problems are es
pecially important in the older patient after surgery and pro
longed bed rest. S,I8 The use of two anticoagulants, heparin
and warfarin, is a mainstay in preventing excessive hemosta
sis.s These agents work by different mechanisms to prolong
and normalize the clotting time of the blood. 2o,167 Heparin is
usually administered parenterally via intravenous or subcu
taneous injection, whereas warfarin can be taken orally. Typ
ically, heparin is used initially to achieve a rapid decrease in
blood clotting, followed by long-term management of exces
sive coagulation through oral warfarin administration.
The most common problem with anticoagulant drug
therapy is an increased tendency for hemorrhage. 68,257 Use of
heparin and warfarin can result in too much of a delay in
blood clotting, so that excessive bleeding occurs. Physical
therapists should be cautious when dealing with open
wounds or procedures that potentially induce tissue trauma
(e.g., chest percussion, vigorous massage) because of the in
creased risk for hemorrhage.

Respiratory and Gastrointestinal Drugs
Drugs Used in Respiratory Disorders
Older adults may take drugs to treat fairly simple respiratory
conditions associated with the common cold and seasonal
allergies. Such drugs include cough medications (antitus
sives), decongestants, antihistamines, and drugs that help
loosen and raise respiratory secretions (mucolytics and ex
pectorants). Drugs may also be taken for more chronic, seri
ous problems such as chronic obstructive pulmonary disease
(COPD) and bronchial asthma. 18s Drug therapy for asthma
and COPD includes bronchodilators such as beta-adrenergic
agonists (albuterol, epinephrine), xanthine derivatives
(aminophylline theophylline), and anticholinergic drugs
(ipratropium). Corticosteroids may also be given to treat in
flammation in the respiratory tracts that is often present in
these chronic respiratory problems.
These respiratory drugs are associated with various side
effects that may affect physical therapy of the older adult. In
particular, the elderly may be more susceptible to sedative
side effects of drugs such as antihistamines and cough sup
pressants. For some of the prescription medications, side ef
fects are often reduced if the medication can be applied di
rectly to the respiratory tissues by inhalation. 58,23O For
instance, even corticosteroids can be used fairly safely in the

elderly if these drugs are inhaled rather than administered
orally and distributed into the systemic circulation. If med
ications are administered systemically, however, lower doses
of the prescription bronchodilators may be necessary in
older adults. This fact is especially true in the elderly patient
with reduced liver or kidney function, since metabolism and
elimination of the active form of the drug will be impaired.
Finally, some elderly patients may use excessive amounts of
certain over-the-counter products. Physical therapists
should question the extent to which their geriatric patients
routinely take large doses of cough suppressants, antihista
mines, and other over-the-counter respiratory drugs.
Drugs Used in Gastrointestinal Disorders
Gastrointestinal drugs such as antacids and laxatives are
among the most commonly used medications in the el
derly.2l1,22S Antacids typically consist of a base that neutral
izes hydrochloric acid, thus helping to alleviate stomach dis
comfort caused by excess gastric acid secretion. Other drugs
that decrease gastric acid secretion include the H2 blockers
(e.g., cimetidine, ranitidine), which work by blocking certain
histamine receptors (H 2 receptors) that are located in the
gastric mucosa. Laxatives stimulate bowel evacuation and
defecation by a number of different methods depending on
the drug used. Drugs used to treat diarrhea are also com
monly taken by elderly patients. These drugs consist of
agents such as opioids (diphenoxylate, loperamide) that help
decrease GI motility and products such as the adsorbents
(e.g., kaolin, pectin) that help sequester toxins and irritants
in the GI tract that may cause diarrhea.
The major concern for GI drug use in the elderly is the
potential for inappropriate and excessive use of these
agents. 211 Most of these drugs are readily available as
over-the-counter products. Elderly individuals may self
administer these agents to the extent that normal GI activity
is compromised. For instance, the older person who relies on
daily laxative use (or possibly even several laxatives each day)
may experience a decline in the normal regulation of bowel
evacuation. Drugs may also be used as a substitute for
proper eating habits. Antacids, for example, may be taken
routinely to disguise the irritant effects of certain foods that
are not tolerated well by the older adult. Physical therapists
can often advise their geriatric patients that most GI drugs
are meant to be used for only brief episodes of GI discom
fort. Therapists can discourage the long-term use of such
agents and advise their patients that proper nutrition and
eating habits are a much safer and healthier alternative than
prolonged use of GI drugs.

Hormonal Agents
General Strategy: Use of Hormones as Replacement
Therapy
The endocrine glands synthesize and release hormones that
travel through the blood to regulate the physiological func
tion of various tissues and organs. If hormonal production
is interrupted, natural or synthetic versions of these hor
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mones can be administered pharmacologically to restore
and maintain normal endocrine function. This replacement
therapy is commonly used in the elderly when endocrine
function is diminished because of age-related factors (e.g.,
loss of ovarian hormones after menopause) or if endocrine
function is lost after disease or surgery.120,260 Some of the
more common hormonal agents used in the elderly are listed
in Table 12-6 and are discussed here.
Estrogen Replacement
The primary female hormones--estrogen and proges
terone-are normally produced by the ovaries from puberty
until approximately the fifth or sixth decade when
menopause occurs. Loss of these hormones is associated
with a number of problems, including vasomotor symptoms
(hot flashes), atrophic vaginitis, and atrophic dystrophy of
the vulva. Replacement of the ovarian hormones, especially
estrogen, can help resolve all these symptoms. 262 In addition,
estrogen replacement can substantially reduce the risk of os
teoporosis and cardiovascular disease in postmenopausal
women. 104,262 Preliminary evidence also suggests that estro
gen may improve cognition and mood in older adults and
that estrogen replacement may delay the neurodegenerative
changes associated with Alzheimer's disease. 17.205
Although estrogen replacement is clearly associated with
certain beneficial effects, there is concern that estrogen ther
apy may increase the risk of some forms of cancer, including
breast and endometrial cancer. 29,n.I04.262 However, the exact
relationship between estrogen replacement and the risk of
cancer remains uncertain.I04.262 At the present time, it appears
that the benefits of estrogen replacement outweigh the po
tential problems, especially in women who are at high risk for
developing osteoporosis or cardiovascular disease. 104.144.218
Likewise, newer estrogen-like compounds such as raloxifene
are currently being studied because these agents may produce
beneficial effects on bone and cardiovascular function with

out causing carcinogenic side effects.44,146 The development of
effective and safer hormonal strategies will certainly be a wel
come addition to the drug regimen for older women who re
quire estrogen replacement.
Diabetes Mellitus
Insulin is normally synthesized by pancreatic beta cells, and
this hormone regulates the metabolism of glucose and other
energy substrates. Diabetes mellitus is a complex metabolic
disorder caused by inadequate insulin production, decreased
peripheral effects of insulin, or a combination of inadequate
insulin production and decreased insulin effects. Diabetes
mellitus consists of two principal types: type I (insulin
dependent diabetes mellitus) and type II (non-insulin
dependent diabetes mellitus). Type I diabetes mellitus is
commonly associated with younger individuals, whereas
type II diabetes mellitus occurs quite commonly in the el
derly.'45 As many as 10% to 20% of Americans older than 60
may be diagnosed with type II mellitus. 129 If diabetes melli
tus is not managed appropriately, acute effects (e.g., im
paired glucose metabolism, ketoacidosis) and chronic effects
(e.g., neuropathy, renal disease, blindness) may occur.
In contrast to the younger type I diabetic, the older adult
with type II diabetes mellitus may not require exogenous in
sulin to manage this disease. The principal methods of man
aging type II diabetes mellitus in the elderly are diet, exer
cise, and maintenance of proper body weight. 129 When drug
therapy is required in the older type II diabetic, it is usually
in the form of oral hypoglycemic drugs (see Table 12_6).108.150
These agents are taken orally to lower blood glucose levels,
hence the term oral hypoglycemic. Depending on the exact
agent, these drugs help improve glucose metabolism byen
hancing the release of insulin from the pancreas, increasing
the sensitivity of peripheral tissues to insulin, stabilizing he
patic glucose output, or delaying absorption of glucose from
the GI tract. 2'

TABLE 12-6

DRUGS USED IN ENDOCRINE DISORDERS
COMMON EXAMPLES
CATEGORY

INDICATION

GENERIC NAME

TRADE NAME

Estrogens

Osteoporosis
Severe postmenopausal
symptoms
Some cancers
Diabetes mellitus
Diabetes mellitus

Conjugated estrogens
Estradiol

Premarin, others
Estrace, others

Acarbose
Chlorpropamide
Glipizide
Metformin
Tolbutamide
Methimazole
Propylthiouracil
Levothyroxine (T.)
Liothyronine (T 3 )

netin, Humulin, Velosulin, others
Precose
Diabinese
Glucotrol
Glucophage
Orinase
Tapazole
Propyl-Thyracil
Synthroid, others
Cytomel

Insulin
Oral hypoglycemic
agents

Antithyroid agents

Hyperthyroidism

Thyroid hormones

Hypothyroidism
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The principal problem associated with drug therapy in
elderly diabetic patients is that the blood glucose level may
be reduced too much, resulting in symptoms of hypo
glycemia. Physical therapists should be alert for signs of a
low blood glucose level, such as headache, dizziness, confu
sion, fatigue, nausea, and sweating.
Thyroid Disorders
The thyroid gland normally produces two hormones: thy~
roxine and triiodothyronine. These hormones affect a wide
variety of tissues and are primarily responsible for regulating
basal metabolic rate and other aspects of systemic metabo
lism. Thyroid dysfunction is quite common in the elderly
and can be manifested as either increased or decreased pro
duction of thyroid hormones. 34 Excess thyroid hormone
production (hyperthyroidism, thyrotoxicosis) produces
symptoms such as nervousness, weight loss, muscle wasting,
and tachycardia. Inadequate production of the thyroid hor
mones (hypothyroidism) is characterized by weight gain,
lethargy, sleepiness, bradycardia, and other features consis
tent with a slow body metabolism.
Hyperthyroidism can be managed with drugs that inhibit
thyroid hormone biosynthesis, such as propylthiouracil, me
thimazole, or high doses of iodide. 97 The primary problems
associated with these drugs are transient allergic reactions
(e.g., skin rashes) and blood dyscrasias, such as aplastic ane
mia and agranulocytosis. A more permanent treatment of
hyperthyroidism can be accomplished by administering ra
dioactive iodine. 97 The radioactive iodine is taken up by the
thyroid gland, where it selectively destroys the overactive
thyroid tissues.
Hypothyroidism is usually managed quite successfully by
replacement therapy using natural and synthetic versions of
one or both of the thyroid hormones. The most significant
problem associated with thyroid hormone replacement in
older patients is that the elderly require smaller doses of
these hormones than younger individuals.52 ,197 Replacement
doses that are too high evoke symptoms of hyperthyroidism,
such as nervousness, weight loss, and tachycardia. Physical
therapists should be alert for these symptoms when working
with elderly patients who are receiving thyroid hormone re
placement therapy.

Treatment ofInfections
Various microorganisms such as bacteria, viruses, fungi, and
protozoa can invade and proliferate in the elderly individuaL
Often the immune system is able to combat these microor
ganisms successfully, thus preventing infection. Occasion
ally, however, drugs must be used to supplement the body's
normal immune response in combating infection caused by
pathogenic microorganisms. The elderly are often suscepti
ble to such infections, especially if their immune system has
already been compromised by previous illness or a general
state of debilitation. Two of the more common types of in
fections, bacterial and viral, are presented along with a brief
description of the related drug therapy.

Antibacterial Drugs
Although some bacteria exist in the body in a helpful or
symbiotic state, infiltration of pathogenic bacteria may re
suit in infection. If the immune system is unable to contain
or destroy these bacteria, antibacterial drugs must be ad
ministered. Some of the principal groups of antibacterial
drugs are shown in Table 12-7. These agents are often
grouped according to how they inhibit or kill bacterial cells.
For instance, certain drugs (e.g., penicillins, cephalosporins)
act by inhibiting bacterial-cell-wall synthesis. Other drugs
(e.g., aminoglycosides, tetracyclines) specifically inhibit the
synthesis of bacterial proteins. Drugs such as the fluoro
quinolones (e.g., ciprofloxacin) and sulfonamides (e.g., sul
fadiazine) work by selectively inhibiting the synthesis and
function of bacterial deoxyribonucleic acid (DNA) and ri
bonucleic acid (RNA). The selection of a specific agent from
one of these groups is based primarily on the type of bacte
rial infection present in each patient.
TABLE 12-7

TREATMENT OF INFECTION
CoMMON EXAMPLES
GENERIC NAME

TRADE NAME

Gentamicin
Streptomycin
Cefaclor
Cephalexin
Erythromycin
Ciprofloxacin
Norfloxacin
Penicillin G

Garamycin; others

Antibacterial Drugs

Major Groups
Aminoglycosides
Cephalosporins
Erythromycins
F1uoroquinolones
Penicillins

Penicillin V
Amoxicillin
Ampicillin
Sulfonamides
Tetracyclines

Sulfadiazine
Sulfisoxazole
Doxycycline
Tetracycline

Ceclor
Keflex; others
Many trade names
Cipro
Noroxin
Bicillin, many
others
V-Cillin K, many
others
Amoxil, many
others
Polycillin, many
others
Silvadene
Gantrisin
Vibramycin, others
Sumycin, others

Antiviral Drugs

Principle Indication
Herpes viruses
Cytomegalovirus
Influenza A
Human
immuno
deficiency
virus (HIV)

Acyclovir
Vidarabine
Foscarnet
Ganciclovir
Amantadine
Zidovudine (AZT)

Zovirax
Vira-A
Foscavir
Cytovene
Symadine,
Symmetrel
Retrovir

Didanosine
Zalcitabine
Ritonavir
Saquinavir

Videx
HIVID
Norvir
Invirase
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The side effects that tend to occur with these agents
vary from drug to drug, and it is not possible in this lim
ited space to discuss all the potential antibacterial ADRs.
With regard to their use in elderly patients, many of the
precautions discussed earlier tend to apply. For instance,
adverse drug reactions tend to occur more frequently be
cause of the decreased renal clearance of antibacterial
drugs in older adults,?6,142 Hence, physical therapists
should be alert for any suspicious reactions in elderly pa
tients who are taking antibacterial drugs, especially if renal
function is already somewhat compromised. Resistance to
antibacterial drugs is also a major concern in all age
groups, including the elderly.134 Overuse and improper use
of these agents have enabled certain bacterial strains to de
velop anti-drug mechanisms, thus rendering these drugs
ineffective against these bacteria. Physical therapists
should be aware of the need to prevent the spread of bac
terial infections through the use of frequent handwashing
and other universal precautions.
Antiviral Drugs
Viruses are small microorganisms that can invade human
(host) cells and use the biochemical machinery of the host
cell to produce more viruses. As a result, the virus often
disrupts or destroys the function of the host cell, causing
specific symptoms that are indicative of viral infection. Vi
ral infections can cause disease syndromes ranging from
the common cold to serious conditions such as acquired
immunodeficiency syndrome (AIDS). Because the viral
invader usually functions and co-exists within the host
cell, it is often difficult to administer a drug that will kill
the virus without simultaneously destroying the host cell.
The number of antiviral agents is therefore limited (see
Table 12-7), and these drugs often attenuate viral replica
tion rather than actually destroy a virus that already exists
in the body.
Due to the relatively limited number of effective antiviral
agents, pharmacological management of viral disease often
focuses on preventing viral infection through the use of vac
cines. Vaccines are usually a modified, inactive form of the
virus that stimulates the patient's immune system to pro
duce specific antiviral antibodies. When exposed to an active
form of the virus, these antibodies help destroy the viral in
vader before an infection is established.
Physical therapists should realize that the antiviral agents
shown in Table 12-7 are often poorly tolerated and produce a
number of adverse side effects, especially in elderly or debili
tated patients. 159 Hence, prevention of viral infection through
the use of vaccines is especially important in the elderly. For
instance, influenza vaccines are often advocated for elderly
individuals before seasonal outbreaks of the "flU:'151,157 Of
course, some vaccines are not always completely effective in
preventing viral infections, and an appropriate vaccine has
yet to be developed for certain viral diseases such as AIDS.
Still, vaccines represent the most effective method of dealing
with viral infections in elderly individuals.
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Cancer Chemotherapy
Cancer is the term used to describe diseases that are charac
terized by a rapid, uncontrolled cell proliferation and con
version of these cells to a more primitive and less functional
state. Cancer is often treated aggressively through the use of
a combination of several different techniques, such as
surgery, radiation, and one or more cancer chemotherapeu
tic agents.
The elderly represent the majority of patients who will ul
timately require some form of anticancer medication. 4o ,Jl5,175
In general, the cancer chemotherapy regimens in older
adults are similar to those used in younger individuals, with
the exception that dosages are adjusted according to changes
in liver and kidney function or other changes that affect drug
pharmacokinetics.· The results of cancer chemotherapy in
the older patient also parallel those seen in the younger in
dividual' with the possible exception that some hematologi
cal malignancies (certain leukemias) do not appear to re
spond as well to drug therapy in the elderly. m The principal
chemotherapeutic strategies and types of anticancer agents
are presented here.
Basic Strategy of Cancer Chemotherapy
Most anticancer drugs work by inhibiting the synthesis and
function of DNA and RNA. This impairs the proliferation of
cancer cells because they must rely on the rapid replication
of genetic material in order to synthesize new cancer cells. Of
course, DNA and RNA function is also impaired to some ex
tent in healthy noncancerous cells, and this accounts for the
many severe side effects and high level of toxicity associated
with cancer chemotherapeutic agents. Cancer cells, however,
should suffer to a relatively greater degree because these cells
typically have a greater need to replicate their genetic mate
rial in order to sustain a high rate of cell reproduction. Still,
most of the common adverse effects discussed here occur
because of the nonselective effect of many anticancer drugs
on normal cell function.
Types of Anticancer Drugs
Anticancer medications are classified according to their bio
chemical characteristics and mechanism of action (Table
12-8).33 For example, alkylating agents form strong bonds
between nucleic acids in the DNA double helix so that the
DNA strands within the helix are unable to unwind and al
low replication of the cell's genetic code. Antimetabolites
impair the normal biosynthesis of nucleic acids and other
important cellular metabolic components necessary for cell
function. Antimitotic agents directly inhibit the mitotic ap
paratus that is responsible for controlling the actual division
of one cell into two identical cells (mitosis). Certain antibi
otics are effective as anticancer agents because they become
inserted (intercalated) directly into the DNA double helix
and either inhibit DNA function or cause the helix to break
at the point where the drug is inserted. Hormones and drugs
that block hormonal effects (antiestrogens, antiandrogens)
are often used to attenuate the growth of hormone-sensitive
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TABLE 12-8

CANCER CHEMOTHERAPEUTIC AGENTS
COMMON EXAMPLES
MAJOR GROUPS

GENERIC NAME

TRADE NAME

Alkylating Agents

Busulfan
Carmustine
Cydophosphamide
Mechlorethamine
Uracil mustard
Cytarabine
Floxuridine
Fluorouracil
Methotrexate
Paclitaxel
Vinblastine
Vincristine
Daunorubicin
Doxorubicin
Idarubicin

Myleran
BCNU,BiCNU
Cytoxan, Neosar
Mustargen

Antimetabolites

Antimitotics

Antineoplastic
antibiotics
Hormones
Estrogens

Antiestrogens
Androgens
Antiandrogens
Interferons

Cytosar-U
PUDR
Adrucil
Mexate
Taxol
Velban
Oncovin, Vincasar
Cerubidine
Adriamycin
Idamycin
Premarin, others

Conjugated
estrogens
Estradiol
Tamoxifen
Testosterone
Flutamide

Estrace, others
Nolvadex
Many trade names
Eulexin

Interferon alfa-2a
Interferon alfa-2b

Roferon-A
IntronA

tumors such: as breast cancer and prostate cancer. Interferons
inhibit genes in the cancerous cell (oncogenes) that cause ex
cessive proliferation of cancerous tissues, and interferons
may also enhance the immune system's ability to destroy
cancerous cells.
Anticancer drugs therefore inhibit replication and func
tion of the cancer cell through one of the mechanisms just
described. Likewise, several different drugs are often used si
multaneously to achieve a synergistic effect between the an
tiproliferative actions of each drug.
Adverse Effects and Concerns for Rehabilitation
As mentioned, patients receiving cancer chemotherapy typi
cally experience a number of severe adverse drug effects. Side
effects such as GI distress (e.g., anorexia, vomiting), skin re
actions (e.g., hair loss, rashes), and toxicity of various organs
are extremely common. Elderly patients receiving cancer
chemotherapy are especially prone to certain adverse effects
such as cardiotoxicity, neurotoxicity, and blood disorders
(e.g., anemia, thrombocytopenia).15,1I5 Unfortunately, these
adverse effects must be tolerated because of the serious na
ture of cancer and the fact that death will ensue if these
drugs are not used. In terms of rehabilitation of elderly pa
tients, physical therapists must recognize that these adverse
effects will inevitably interfere with rehabilitation proce
dures. There will be some days that the patient is simply un
able to participate in any aspect of physical therapy. Still, the

therapist can provide valuable and timely support for the el
derly patient receiving cancer chemotherapy and reassure
the patient that these drug-related effects are often unavoid
able because of the cytotoxic nature of the drugs.

General Strategies for Coordinating Physical
Therapy with Drug Treament in the Elderly
Based on the preceding discussion, it is dear that various
medications can produce beneficial and adverse effects that
may affect physical therapy of the elderly in many different
ways. There are, however, some basic strategies that thera
pists can use to help maximize the beneficial aspects of drug
therapy and minimize the detrimental drug effects when
working with geriatric individuals. These general strategies
are summarized here.

Distinguishing Drug Effects from Symptoms
When evaluating a geriatric patient, therapists must try to ac
count for the subjective and objective findings that may be
due to ADRs rather than true disease sequelae and the effects
of aging. For instance, the patient who appears confused and
disoriented during the initial physical therapy evaluation may
actually be experiencing an adverse reaction to a psychotropic
drug, cardiovascular medication, or some other agent. The
correct distinction of true symptoms fromADRs allows better
treatment planning and clinical decision making.
As discussed earlier, therapists can also take steps to pre
vent inappropriate drug use and polypharmacy by helping
distinguish ADRs from true disease symptoms. Distin
guishing drug-related signs from true patient symptoms
may require careful observation and consultation with
family members or other health professionals to see
whether these signs tend to increase after each dosage. Pe
riodic re-evaluation should also take into account any
changes in drug therapy, especially if new medications are
added to the patient's regimen. Finally, the medical staff
should be alerted to any change in the patient's response
that may indicate an ADR.

Scheduling Physical Therapy Sessions Around
Dosage Schedule
Physical therapy should be coordinated with peak drug ef
fects if the patient's active participation will be enhanced by
drug treatment. For instance, drugs that improve motor per
formance (e.g., antiparkinson agents), improve mood and
behavior (e.g., antidepressants, antipsychotics), and decrease
pain (e.g., analgesics) may increase the older patient's ability
to take part in various rehabilitation procedures. Conversely,
physical therapy should be scheduled when drug effects are
at a minimum for elderly patients receiving drugs that pro
duce excessive sedation, dizziness, or other adverse effects
that may impair the patient's cognitive or motor abilities.
Unfortunately, there is often a tradeoff between desirable ef
fects and adverse effects with the same drug, such as the opi
oid analgesic that also produces sedation. In these cases, it
may take some trial and error in each patient to find a treat-
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ment time that capitalizes on the drug's benefits with mini
mnm interference from the adverse effects.

Promoting Synergistic Effects ofPhysical Therapy
Procedures with Drug Therapy
One must not lose sight of the fact that many of the rehabil
itation procedures used with geriatric clients may augment
drug therapy. For instance, the patient with Parkinson's dis
ease may experience an optimal improvement in motor
function through a combination of physical therapy and an
tiparkinson drugs. In some cases, drug therapy may be re
duced through the contribution of physical therapy proce
dures (e.g., reduction of pain medications through the
simultaneous use of TENS, physical agents, and so forth).
This synergistic relationship between drug therapy and
physical therapy can help achieve better results than if either
intervention is used alone.

Avoiding Potentially Harmful Interactions
Between Physical Therapy Procedures and Drug
Effects
Some physical therapy interventions used in the elderly
could potentially have a negative interaction with some
medications. For instance, the use of rehabilitation proce
dures that cause extensive peripheral vasodilation (e.g., large
whirlpool, some exercises) may produce severe hypotension
in the patient receiving certain antihypertensive medica
tions. These negative interactions must be anticipated and
avoided when working with geriatric patients.

Improving Education and Compliance with Drug
Therapy in the Elderly
Proper adherence to drug therapy is one area in which physi
cal therapists can have a direct impact. Therapists can rein
force the need for adhering to the prescribed regimen, and
therapists can help monitor whether drugs have been taken as
directed. Therapists can also help educate their geriatric pa
tients and their families as to why specific drugs are indicated
and what side effects should be expected and tolerated as op
posed to side effects that may indicate drug toxicity.
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for him, and he was admitted to a nursing home. At the time
of admission, the patient was receiving 500 mg of levodopa
given in combination with 50 mg of carbidopa 3 times per
day. Dosages were administered at mealtimes to decrease
stomach irritation caused by these drugs. Upon admission,
the patient began receiving daily physical therapy to help
maintain mobility and joint range of motion.
Problem/Influence of Medication
The therapist began seeing the patient each morning in the
physical therapy clinic at the nursing home. Although symp
toms of rigidity and bradykinesia were fairly marked, the
therapist found that the patient was able to actively partici
pate to some extent in range-of-motion exercises and some
ambulation activities. During the second session, however,
the patient suddenly became extremely rigid and exhibited a
complete loss of all voluntary movement. The therapist
found this surprising since the patient had started the phys
ical therapy session with a reasonable amount of voluntary
motor activity. The patient had also completed the entire
session on the preceding day without any such akinetic
episodes. Upon further consideration, the therapist realized
that the patient was seen later in the morning on the second
day and that the akinetic episode occurred about 1 hour be
fore the patient's next dose of levodopa.
Decision/Solution
The therapist realized that the patient was exhibiting end-of
dose akinesia. Patients who have been on levodopa therapy
for several years often exhibit this phenomenon, in which the
effectiveness of levodopa appears to wear off before the next
dose. To prevent a recurrence of this problem, the therapist
made a point of scheduling this patient about 1 hour after his
initial (breakfast) dose of antiparkinson medications. This at
least allowed the patient to participate as much as possible in
his daily exercise regimen. The therapist also notified the pa
tient's physician of the end-of-dose akinesia. This problem
was ultimately resolved by increasing the levodopa dosage so
that a sufficient amount of drug was available to maintain
motor function throughout each dosing cycle.

Case 2: Lithium Toxicity

Case Studies
Case 1: Parkinson's Disease
Brief History
A 7l-year-old male patient was diagnosed with Parkinson's
disease 15 years ago. Drug therapy was initiated in the form
of the dopamine agonist bromocriptine (Parlodel). Lev
odopa therapy was added to the drug regimen approxi
mately 5 years ago when symptoms became incapacitating.
Levodopa dosage was progressively increased over the next
few years as the patient's condition gradually worsened. Re
cently, symptoms of bradykinesia and rigidity increased to
the point that the patient's spouse was no longer able to care

Brief History
A 76-year-old woman living at home fell and fractured her
right hip. She was admitted to the hospital, where she un
derwent total hip arthroplasty. The patient had been in rela
tively good health before her fall but had been receiving
treatment for bipolar syndrome (manic-depression) for sev
eral years. At the time of admission, she was maintained on
a dosage of 300 mg of lithium taken 3 times daily. The pa
tient began receiving physical therapy in the hospital on the
day after her hip surgery and was ambulating independently
with a walker within 1 week after admission to the hospital.
She was discharged to her home, but physical therapy was
recommended at home to ensure continued progress and
full recovery.
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Problem/Influence of Medication
The physical therapist visiting this patient at home initially
found her to be alert and enthusiastic about resuming her
rehabilitation. By the second visit, however, the therapist no
ticed some confusion and slurred speech in this patient.
Upon closer inspection, the therapist also observed symp
toms such as hand tremors and muscle weakness. When am
bulating, the patient exhibited some incoordination and be
came fatigued very easily.

,
j

Decision/Solution
The therapist became concerned of the potential for lithium
toxicity in this patient. Apparently the hip surgery and sub
sequent change in activity level in this patient had altered re
nal excretion of lithium to the extent that this drug was
slowly accumulating in the patient's body. The therapist im
mediately notified the patient's physician. Laboratory tests
revealed a serum concentration of 2.1 mEq/L, indicating
moderate levels of lithium toxicity. The patient's dosage of
lithium was decreased until serum levels returned to values
that were within the therapeutic range. The patient contin
ued to receive physical therapy at home and completed her
recovery from hip surgery without any further incidents.

SUMMARY
Drug intervention in geriatric individuals can be regarded as
a two-edged sword: the beneficial and therapeutic effects of
any given medication must be balanced against the risk that
the older adult will experience an adverse reaction to that
drug. There is no doubt that many illnesses and afflictions
that typically occur in a geriatric population can be allevi
ated through appropriate pharmacological measures. How
ever, the risk of adverse drug reactions is increased in the el
derly due to factors such as disproportionate drug use and
an altered response to many medications. The potential for
beneficial drug effects therefore co-exists with an increased
chance for serious adverse effects in the older adult.
Physical therapists must be aware of the drug regimen
used in their geriatric patients and how the beneficial and
adverse effects of each medication can affect rehabilitation
of these individuals. Physical therapists can also play an im
portant role in recognizing adverse drug reactions in the el
derly. Finally, therapists can help encourage proper compli
ance with drug therapy and discourage the excessive and
inappropriate use of unnecessary medications in their geri
atric patients.
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INTRODUCTION
Living at home and interacting with the community can be
challenging for the older adult. Often, a delicate balance
must exist between functional capability, adaptation of the
environment, and reliance upon support services. The pur
poses of this chapter are to present some of the challenges
that confront the older adult living at home and to offer
some strategies for minimizing their impact.

GENERAL CONSIDERATIONS
Challenges for the Older Adult to Remain in the

Community
To live independently, people must be able to safely perform
a complement of self-care and home management activities.
The specific nature of the activities required by any given in
dividual depends on many variables. Still, one can identify
two broad groups of activities and tasks that are usually nec
essary for independent living-activities of daily living
(ADLs) and instrumental activities ofdaily living (IADLs).
People perform ADLs to manage basic personal hygiene
and survival needs. Functional activities that may be in

cluded in this category are bed mobility, getting in and out
of a bed or chair, bathing, toileting, dressing, grooming, eat
ing, and ambulating. These activities are sometimes called
personal activities of daily living. 94
IADLs are more complex functional abilities that are also
required for independent community living. These include
activities su~h as preparing meals, laundering clothes, doing
housework, using the telephone, traveling (using public
transportation or driving), shopping, taking medications,
and managing money. 53
Dependence (requiring the assistance of another person)
for ADLs and IADLs increases the risk of institutionalization
and mortality.94 The capacity to perform IADLs indepen
dently is strongly associated with velocity of gait, balance,
grip strength, and chair rise time.43 Researchers have shown
that exercise can improve strength, balance, and velocity of
gait for older persons. 17,2M2,44 Assistive devices can be used to
facilitate independent performance of ADLs and IADLs, e.g.,
using a shower seat to facilitate bathing or a motorized
scooter to facilitate shopping. Clearly, appropriate use of
therapeutic exercise, functional training, and prescription
and application of assistive devices can promote indepen
dence for community-dwelling elders.

Team Approach to Challenges
Regardless of the setting in which an older individual may
reside, multiple challenges may arise, especially those affect
ing function. Those challenges are often best dealt with by a
team or multidisciplinary approach. Incorporating the ex
pertise and perspectives of several professionals facilitates
differentiation of problems and enhances holistic care for in
dividual patients.2o Team approach treatment strategies have
been reported as likely to be successful in terms of compli
ance and effectiveness. 1l2 In addition, a team approach en
courages patients and care-givers to be active participants in
developing and carrying out an overall management plan. 15
Many of the functional challenges experienced by older
individuals have been successfully met in a variety of settings
using a team approach. For instance, the rehabilitation of
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patients with hip fractures can include an interdisciplinary
approach.97 Similarly, team decision making may aid the re
covery of a patient who has sustained a cerebrovascular ac
cident (CVA).40 Sensory problems such as low vision can
complicate the performance of daily activities, but a team
approach can enhance patient independence. For example,
an ophthalmologist can assess visual acuity, whereas a ther
apist can determine how a patient may use remaining vision
to perform ADLS.107 In addition, chronic pain management84
and foot carell are facilitated by the application of a multi
disciplinary program.
Interdisciplinary care of elders can occur in a number of
settings and offers many benefits. For patients at home, com
prehensive assessments can delay the development of dis
ability and reduce nursing home stays.95 Older individuals in
a nursing home benefit in terms of improved quality of life/
whereas hospitalized patients may return home more
quickly because of reduced lengths of stay.!01

proach, including physical therapist patient management,
has been found effective to improve ADL performance, such
as autonomy in bed mobility, transfer, locomotion, eating,
and personal hygiene. In addition, patients receiving a com
bined rehabilitation approach in a study were more likely to
return home than matched control patients.5o Such a com
bined approach may occur more frequently if the hospital
has a specialized geriatric unit.
A number of physical therapy interventions may be used
to help older patients return home from a hospital. Selecting
an appropriate mobility aid 73 can promote early mobiliza
tion and reduce clinical complications. 89 Practice in ADLs 30
and dressing SkillS96 can improve patient performance and
independence. Frequency of physical therapy interventions
is also important. It has been found that patients who re
ceived physical therapy more than once a day had a greater
likelihood of returning directly home. 33 Further, patient sat
isfaction has also been related to the amount of therapy ser
vices received.72

RETURNING TO HOME

Factors That Affect Short-Term Rehabilitation
Interventions
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There are a variety of reasons why a community-dwelling
older individual may require services from or placement in a
health-care facility. An aged individual may be treated for
minor injuries or illnesses in a hospital emergency depart
ment and discharged to home. Serious injuries, such as hip
fracture or CVA, may precipitate admission to an acute-care
facility with possible subsequent short- or long-term reha
bilitation after the acute episode. Other hospital admissions
may be necessary to manage one or more chronic problems,
such as congestive heart failure or pain. The course of care
will depend on the needs of the patient, with some individ
uals returning directly home from the hospital. Others may
require care from another facility, such as a skilled nursing
facility or rehabilitation center, before returning home.
Given the managed health-care environment, patient in
tervention outcomes need to emphasize function and a re
turn to home as soon as possible. If an elder is treated as an
outpatient in an emergency department, follow-up care
(possibly including physical therapy) in the home may be re
quired for the patient to deal with new dependency and sup
port needsY Necessary physical therapy interventions may
include strengthening, transfer training, gait training, an en
vironmental assessment, or other strategies to increase the
likelihood of returning the individual to an independent
life-style.

Factors That Affect Acute Hospital-Based
Interventions
If a person is admitted to a hospital, medical/surgical man
agement may require that individual to be dependent on
others and immobile for a period of time. It is important
that physical therapists perform comprehensive examina
tions 50 and assist patients to regain their independence and
mobility in preparation for returning home. A team ap

After a hospital stay, a geriatric individual may require addi
tional time and therapy before being able to return home.
Such subacute care may occur at another unit of the hospi
tal, a skilled nursing facility, or possibly a transitional-care
center. 106 Overall, the highest rates of discharge to home for
the older population occur from subacute care that focuses
on geriatric principles and rehabilitation.106 For example, the
goals for a patient with impaired aerobic capacity and en
durance secondary to deconditioning associated with sys
temic disorders (Guide to Physical Therapist Practice, pp
1461-1471)33. should be based on the expected demands of
the patient's home environment,8 and intervention should
emphasize specific functional activities, such as transfers and
ambulation.
Varying lengths of time will be required to prepare differ
ent patients to return home. During that time, sensitivity to
cultural factors will facilitate the patient-therapist relation
ship. The process of inquiry-asking questions to determine
cultural factors-has been offered as a helpful mechanism in
judging a patient's cultural status, rather than making as
sumptions or generalizing. 36 While time is a factor in rehabil
itation, intensity of care is also an important consideration.
Intensive physical therapy has been associated with enhanced
rates of recovery in patients who sustained a CVA.s1 Further,
Medicare (and other third -party payers) may mandate that a
patient receive a minimum number of hours of rehabilitation
services to qualify for reimbursement. 8
The number of staff and staffing patterns has also been
found to affect patient outcomes. Nursing interventions may
decrease urinary incontinence and urinary retention/8 en
hancing discharge to home. Also, facilities that employ their
own therapists (rather than contract for them) report having
more patients receiving daily services, which is positively
correlated with patient discharges. 47
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Specialized geriatric units may provide short-term reha
bilitation that emphasizes comprehensive geriatric path
ways.22 The reported outcomes of such services have been
significant, and some evidence links those outcomes to the
use of quality assurance tools.27 Some units may offer spe
cialized services for patients with common disorders such as
a hip fracture and CVA, whereas others may focus on a more
narrow patient population such as geriatric patients after
amputation.25 These specialized facilities have demonstrated
the potential for successful problem resolution in the older
population. For example, older individuals have shown as
great an improvement as individuals in other age-groups in
a majority of measures after pain-center treatment. 18

Factors That Affect Long-Term Rehabilitation
Interventions
Some older patients may require extended periods of time to
recover from disease or disability. The presence of multiple
chronic conditions such as arthritis, vascular insufficiency,
and pain may be superimposed on a primary problem such
as a hip fracture. A greater number of clinical considerations
can complicate rehabilitation efforts.
Some patients may benefit from prolonged rehabilitation
because the additional time permits more elaborate exami
nation and evaluation. One example of more extensive test
ing includes using an obstacle course to assess balance and
mobility in elders. Research indicated the course was valid
and useful to evaluate older persons with balance and mo
bility impairments. 63
Long-term rehabilitation has also been studied in terms
of the effectiveness of interventions aimed at functional per
formance of older individuals. Researchers have reported
that interactions of amount of therapy time and factors such
as medication, practice, or motivation appeared to con
tribute to the overall improved functional status of a group
of cognitively impaired older persons. 12
The site of rehabilitation may also playa role in the func
tional recovery of some older patients, depending on the
precipitating illness. Patients with a hip fracture admitted to
rehabilitation hospitals did not differ from patients admitted
to nursing homes in returning to the community. However,
patients who sustained a CVA and were admitted to nursing
homes were less likely to return home than patients who re
ceived care in a rehabilitation hospital. 49
INTERVENTIONS THAT KEEP PEOPLE
LIVING AT HOME
Probably the single most important aspect of keeping older
people living at home is injury prevention. Unfortunately,
common ailments associated with aging, such as knee os
teoarthritis, have a relationship to loss of balanceYl Falls are
common in elders and can result in severe injuries, causing
reduced mobility and dependence. 2In terms of costs, the to
tal direct cost of fall injuries in 1994 among persons aged 65
and older was $20.2 billion.24
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Various strategies have been developed to help prevent
falls in the older population. Home-barrier assessments to
eliminate environmental hazards are a start, but issues such
as medications, nutrition, and illness must also be consid
ered. 23 The importance of a comprehensive approach to fall
prevention cannot be overstated. Physical therapists must
keep normal age-related changes in mind and differentiate
those changes from other factors such as polypharmacy, in
adequate food intake, and inactivity.
Typical problems for the older adult living at home in
clude difficulty getting in and out of the bathtub or shower,
using a toilet, turning faucet handles and doorknobs, and
negotiating steps. A therapist can reduce or eliminate all of
those problems by recommending adaptive equipment such
as grab bars, transfer benches, elevated toilet seats, handle
extensions, and railings. Further, ensuring that appropriate
footwear is used and that eyeglass prescriptions are up-to
date will also help older adults remain functional in their
home.
Home assessments can reveal common problems such as
poor lighting, loose carpets or slippery surfaces, and clutter.
While these assessments (in and outside of the home) can be
easily performed, implementing changes based on them are
not always successful. A possible service therapists could
provide is fall-prevention educational programs.90 Although
shown to be in an unsafe home, many older people will nev
ertheless resist making recommended changes. 23 This re
sponse to professional recommendations is unfortunate
since the risk of falling can be lowered by more than one-half
by incorporating simple modifications to the home. 99 Ther
apists should note that a favorable attitude toward home
modifications is a strong predictor of adaptation. 31 Even if
prevention measures are taken, a fall may still occur. There
fore, it is important for therapists to teach elders how to cope
after a fall.7 6
Two additional types of interventions may assist an older
adult to remain at home: program assistance and technol
ogy. Program assistance includes services from home health
agencies, private aides or certified nursing assistants,13,32
hospice organizations,19,108 Meals on Wheels,9,55 and chore
services.67,92 Technology includes devices and equipment68
that allow aged people to perform tasks for themselves or call
for assistance if required. 64,85
A local (perhaps county) bureau of aging is a good initial
contact point to identify the types of program assistance
available in a given community. It is wise to consider multi
ple sources of assistance over the course of an illness, as, for
example, the length of time a home health agency can pro
vide reimbursable services is quite limited. Private assistance
for ADLs and IADLs may be required, and an individual is
likely to have to pay out-of-pocket expenses for this kind of
help. Community groups and religious organizations often
times maintain a list of volunteers to assist older adults to re
main in their homes.
Program assistance such as Meals on Wheels can help an
older adult maintain adequate nutrition. Nutrition is an im
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portant factor in remaining healthy, especially as elders are
often taking a variety of medications. Chore services can
perform home modifications such as enlarging bathrooms
and building ramps.
Hospice is a special type of care, designed to assist those
in the final stage of life to remain comfortable and at home.
While certainly not limited to hospice patients, technology is
often the reason why a terminally ill individual may remain
at home rather than being institutionalized. Devices such as
infusion pumps,80 portable oxygen equipment, and bedside
nebulizers permit continuous treatment to occur in the
home setting.
Technology also includes using the telephone as part of a
support program for older adults. 98 Friends and relatives can
place "safety check" calls to help monitor another's safety.110
Telephones also can be used to provide reassurance to pa
tients recently discharged to home from a hospitaP3 The use
of computers by older adults has been investigated,45,66,81 and
using computers and computer networks can help to main
tain contact with others, thereby promoting socialization.
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Staying at Home with a Care-Giver
Many older individuals are able to remain at home because
a care-giver is available. The actual availability of a care-giver
can vary depending on whether that person is a volunteer,
e.g., relative or friend, or paid employee. Depending on in
dividual circumstances, the need for a care-giver will range
from brief visits to care lasting 24 hours a day.
It is important that care-givers receive adequate train
ing. 37 This is especially important in the area of normal ag
ing changes so that care-givers can distinguish between such
normal changes and pathology. They should understand the
proper use of any relevant assistive equipment" as well as ap
propriate positioning, transfer, and guarding techniques.
Care-givers must use correct body mechanics while assist
ing. Further, if the older individual uses a wheelchair for as
sisted mobility, the care-giver must take things like rugs and
thick carpets into consideration.
If an older individual requires care at home, the role of
care-giver is often assumed by female family members. 6,36
The role of care-giver, in addition to demands such as job,
children, and homemaking, may create excessive stress for
the individual. 3s For continuity of care, the health and safety
of the care-giver are as important as for the person receiving
care. 62 This is especially true if the care-giver also is older. 10
Care-giver stress can adversely affect that person's
health. 61 Relief from care-giving responsibilities (respite) is
often a primary concern of care-givers86 and may be related
to fatigue. 79 If possible, care-givers should seek regular relief
of duties and try to share responsibilities with others.
Even with a care-giver, some older individuals will be
more functional if the home environment is modified to ac
commodate their limitations and those of the care-giver. For
instance, using a ramp and wheelchair may be far easier for
both patient and care-giver than having a care-giver attempt
to help the patient walk up and down steps. Transfers will be

facilitated by raised toilet seats and an adjustable height bed
and chair. If custom features are needed, physical therapists
are ideally suited to recommend home adaptations.

Staying at Home without a Care-Giver
Many older individuals chose to remain alone in their own
homes. That decision may be made for several reasons:
economic necessity, i.e., avoid institutional care; a desire to
remain independent; not wanting to leave familiar sur
roundings; and others. Living alone may offer benefits but
also requires planning for expected changes and problem
solving.
Reliable assistance when needed is paramount for an
older individual to live alone. Friends, family, and neighbors
may be available in times of need, but their absence must be
anticipated. Community resources, e.g. companions and
Meals on Wheels, should be investigated. Research has
shown that age and chronic illness are strongly related to the
use of community services. 9 Difficulty in cleaning the house
was found to be a strong predictor of using home help,15
Further, transportation accessibility was identified as a ma
jor obstacle, especially for rural elders.91 The use of profes
sional home-care by elders has been studied, and it was
found that the greatest users were more often female, older,
and not married. 29
In addition to community resources, professional help
may be needed for an older individual to remain home. A
home assessment by a physical therapist may be required to
recommend adaptive equipment or environmental changes.
The home environment can be modified to permit a per
son with functional limitations to live alone. Telephones can
be adapted, increasing the ability of someone living alone to
stay in contact with others.56 While furniture and televisions
are considered cherished objects by elders,16 they can be re
arranged to enhance functional mobility and safety. Loose
throw rugs should be secured and thresholds identified by
contrasting colors. Other indoor modifications include in
stalling grab bars, hand rails, adapted sink faucets, wall
socket or light switch adapters, ramps, and lever-type door
handles.102 The outdoor environment must also be consid
ered because steps, irregular surfaces, and inclement weather
may predispose an older person to injuries and falls.
In addition to home modifications, assistive equipment
can be used to enhance safety and function. Many devices
are available in categories such as mobility, personal care,
and positioning aids. Examples for those categories are walk
ers, bath benches, and orthotics, respectively. It is important
that physical therapists match individuals with the appropri
ate device since research indicates that some older individu
als consider mobility aids a visible symbol for stigmatization
and a reminder of diminishing capabilities.88 One possible
way to encourage an older person to use an assistive device
is to include that person in the selection process. Other
strategies are to have a therapist who has visited the home
(rather than one who has not) recommend the assistive
equipment and conduct training in its use. I09
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In a national data-based study l09 of individuals older than
65, including a substantial number who lived alone, more
than 23% reported using assistive devices. Persons living
alone reportedly had a greater need for numerous devices
compared with those living with someone. This finding is
not surprising because a number of devices may be required
if a person is to perform ADLs and lADLs independently.
The most commonly used type of assistive device is a mo
bility aid. Canes and walkers are the top two mobility aids in
terms of number of users. 57 A wide variety of designs and
features are available. 57 •58 For example, four-wheeled walkers
give more stability on carpets and hard surfaces than do two
wheeled walkers. However, the four-wheeled walker is less
stable for transfer support. lOO
While allowing many older individuals to ambulate inde
pendently, walkers have several disadvantages. They can en
courage a flexed trunk posture, become tangled in cords and
clutter, prevent individuals from carrying items along with
them, and cause upper extremity pain from weight bearing
and lifting. Solutions to these problems may include select
ing a walker of appropriate height, eliminating clutter, using
a waist pack or attaching a basket to the walker, and using a
wheeled walker with padded or molded handles.
Advantages of walkers may be perceived in the functional
mobility of the person using them. Walkers can include
seats, brakes, baskets, and carry bags, and they can fold for
easier storage. Skis/sleds can be placed on the rear legs of a
roller-walker, easing the user's effort to move the walker, es
pecially on carpets.
Canes also present advantages and disadvantages. They
can support up to 25% of an individual's weighCl and are
used primarily for support and balance. Canes may incorpo
rate a variety of handles and be made of wood or other ma
terials. Very light-weight canes made from carbon-fiber71
may be preferred over wood canes by some users. Canes may
also be distinguished by the number of legs and width of
their bases.
Some disadvantages of canes are that they offer limited
support; may be too wide for some activities, e.g., a wide
base cane may be too wide for use on steps; and handles may
aggravate arthritic hands. Furthermore, like walkers, they are
useless if not used: 42% of older people eventually abandon
their canes. 71

MOBILITY IN THE COMMUNITY

Pedestrian
Older pedestrians are at greater risk of traffic-related fatality
than individuals of any other age-group. The National High
way Traffic Safety Administration reports that 1011 (19%) of
5472 pedestrian fatalities in 1994 were persons aged 70 and
older. The age-group with the next highest level of pedes
trian fatalities (ages 35 to 39) accounted for only 479 (9%)
fatalities. lo, What are some of the reasons for the high num
ber of fatalities among elders, and what can be done to re
duce this number?
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Traffic safety engineers use detailed guidelines to design
pedestrian and traffic control devices. 59 Issues such as signal
timing, curb height, wheelchair curb cuts, pedestrian inter
vals, and green-light intervals are specified in the guidelines.
Generally, a pedestrian walking speed of 1.22 meters per sec
ond (4.0 feet per second) and a curb height of 20.32 cen
timeters (S inches) are assumed. In areas where a significant
number of older persons are likely to use pedestrian cross
walks, a walking speed of 0.92 meters per second (3.0 feet
per second) is recommended.
Existing pedestrian and traffic control devices do not ac
commodate elders. Hoxie and Rubenstein observed pedes
trians crossing an intersection in Los Angeles. 39 Twenty
seven percent of older pedestrians were unable to cross the
intersection before the signal changed. Data from the Estab
lished Populations for Epidemiologic Studies of the Elderly
show that ll% of New Haven, Conn., older residents (aged
72 or older) reported having difficulty crossing intersec
tions. 52 The New York City Police Department discovered
that many older pedestrians attempting to cross Queens
Boulevard were unable to cross in the time allowed by the
signals. In addition, elders experienced a disproportionately
higher number of injuries and fatalities,14
Inadequate walking speed accounts for most of the diffi
culty that older persons experience when crossing inter
sections. The older pedestrians observed by Hoxie and
Rubenstein had a mean walking speed of 0.S6 meters per sec
ond (2.8 feet per second).39 Data from the Established Popu
lations for Epidemiologic Studies of the Elderly show that
fewer than 1% of older pedestrians had a normal walking
speed of at least 1.22 meters per second (4.0 feet per second).
Only 7% had an average walking speed of 0.92 meters per sec
ond (3.0 feet per second).52 Clearly, the typical older pedes
trian cannot walk fast enough to cross intersections within the
time intervals recommended by established guidelines. 59
Older independent community dwellers use walking as
their major means of transportation. Trips to the supermar
ket and bank are the most common reasons for ambulation
outside of the home. 77 Other important destinations are the
post office, physician's office, department store, and phar
macy.54 To use these facilities, distances of approximately 300
meters (984 feet) must be ambulated, and curb heights of IS
to 20 centimeters (7.1 to 7.9 inches) must be negotiated. 14.54.83
A host of interventions by a physical therapist can assist
older pedestrians. Generally speaking, physical therapists
should train their pedestrian patients to meet functional
benchmarks required for community ambulation (Table
13-1), Therapists should measure distances, curb heights,
crosswalk timings, and other potential barriers that the pa
tient will encounter in the normal pedestrian area. Locations
such as the supermarket, bank, post office, physician's office,
pharmacy, and department store should be evaluated. Ther
apists should use specific data obtained from these measure
ments to establish criteria for treatment outcomes. Assistive
devices such as powered scooters may offer an alternative for
patients who are unable to meet measured criteria.
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TABLE 13-1

FUNCTIONAL BENCHMARKS FOR PEDESTRIANS

Ii

PARAMETER

BENCHMARK

Walking speed
Walking distance
Curb height

1.22 mls· (4.0 fish)
300 m (984 f)
20.32 em (8 in)

demand service. Vehicles are usually small, specially
equipped vans with wheelchair lifts and trained operators.
Typically, 24-hour advance notice is required, and service is
usually on a first-come, first-served basis. The cost for para
transit service is generally minimal. Contact the local public
transportation authority to inquire about the availability of
service in a particular area.

meters per second, b feet per second

Driving

,

~

t f

Traffic safety interventions can also help the older pedes
trian. Some traffic safety interventions that can improve
safety for older pedestrians include installing pedestrian sig
nals at intersections, assistive technology such as audible sig
nals, median areas in the middle of crosswalks, curb cuts at
intersections, minimizing curb corner radius to decrease the
speed of turning motorists, eliminating right turns on red,
and eliminating visual obstructions in the crosswalk area. 38
Although physical therapists do not have a direct role in the
implementation of traffic safety interventions, they can ex
press these concerns to local municipalities as advocates of
public health and safety.
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Transportation
The Americans with Disabilities Act (ADA) of 1990 specifies
that public transportation systems must provide accessible
services to individuals with disabilities. s By virtue of the
ADA definition of"disability;' many older persons may qual
ify for consideration with regard to public transportation.
"The term 'disability' means, with respect to an individ
ual (A) a physical or mental impairment that substantially
limits one or more of the major life activities of such
individual; .. :'5
The ADA mandates that any new vehicle purchased for
use in a public transportation system must be readily ac
cessible to persons with disabilities, including people who
use wheelchairs. Essentially, this mandate specifies that
public transportation vehicles must be equipped with a
wheelchair-lift device that can also be used by standees
who cannot manage stairs. This includes persons using
crutches or a walker. There are no specifications for bus
stair riser height or tread depth because vehicle undercar
riage, width, and right-of-way considerations prevent
buses from complying with architectural building stair re
quirements. 103 Interestingly, automobiles that are used as
taxis need not meet ADA accessibility requirements, al
though other vehicle types used by taxi services, e.g., vans,
must be compliant. l
Paratransit is another transportation option for older
persons with disabilities. Paratransit means comparable
transportation service required by the ADA for individuals
with disabilities who are unable to use fixed-route trans
portation systems.! Persons who cannot use a lift-equipped
bus because they require assistance (other than that pro
vided by the lift operator) are eligible for paratransit ser
vices. Generally, paratransit provides door-to-door, on-

Driving an automobile is an important way to maintain
community independence. Society places a high value on
the ability to drive. Cessation of driving is associated with
an increase in depressive symptoms among older individ
uals.60
The risk of traffic-related injury increases substantially
for people older than 70 yearsY In one review, 61.5% of
trauma victims older than 65 admitted to the Milwaukee
County Medical Complex between July 1991 and October
1992 were involved in motor vehicle crashes-more than
falls or auto-pedestrian injuries. The mortality rate for these
individuals was high {29.2%).105 Older people are more sus
ceptible to medical complications following injuries, which
accounts for higher mortality rates. 65
What factors can help to identify older drivers who are at
risk of injury and should discontinue driving? One factor
that seems to be associated with increased risk is reduced
cognitive function, or dementia.2B·41.B2 Johansson and col
leagues found that even mild cognitive impairment con
tributed to losing a driver's license because of automotive ac
ddents.41 Beyond this, there is little agreement about which
factors can be used to identify older drivers who should dis
continue driving. Some other factors that may be related to
the decline of driving ability in older persons are visual acu
ity, useful field of vision, visual-spatial attention, diabetes,
coronary heart disease, back pain, and use of non-steroidal
anti-inflammatory drugs. 28 ,4!,48,69
When surveyed as to why they stopped driving, elders of
fered the following reasons: health problem other than eye
sight or hearing impairment (30%); trouble with eyesight
(29%); and being uncomfortable with driving (27%). The
average age at which these former drivers stopped driving
was 60 years, and only 4% reported having their driver's li
cense revoked. 46 An interesting finding of a study by Kington
and co-workers is that elders who lived in households with
more adults were less likely to drive. This fact suggests that
elders are likely to relinquish driving privileges when assis
tance is available.
Perhaps because of the multiplicity of variables that have
been associated with increased risk of injury for older driv
ers, there are no standardized guidelines available to identify
older drivers who are at increased risk of injury. There is
some evidence that age-related medical screening of older
drivers does not improve traffic safety.34 Wiseman and
Souder have offered a detailed checklist of risk factors that
may be used to identify older persons with driving prob
lems. ll3 Their checklist includes items such as motor vehicle
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safety record; episodes of confusion; family observations of
person's poor driving ability; alcohol abuse; use of sedating
drugs; neurological or musculoskeletal conditions that may
slow reaction time; compromised cognitive or visual func
tion; poor decision-making ability; and inappropriate be
haviors, such as impulsivity.
Several resources are available to assist the older driver. At
least two national organizations (American Automobile As
sociation and American Association of Retired Persons) of
fer educational programs for mature drivers. Persons who
successfully complete these programs may receive a discount
on their automobile insurance premium. Many driver reha
bilitation programs exist in which driving skills can be eval
uated and adaptations can be suggested. The Association of
Driver Educators for the Disabled certifies Driver Rehabili
tation Specialists. This association can also provide informa
tion about the local availability of certified specialists and
driver rehabilitation programs. A comprehensive resource
guide for driver rehabilitation has been published by the
American Occupational Therapy Association. 4 This resource
guide lists many useful sources of help for older drivers and
clinicians who assist them.
What can physical therapists do to help the older driver?
The first step is to speak to the patient about the issue.
Amazingly, in a focus group study of older ex-drivers, only
32% of physicians and only 9% of nurses or therapists had
raised the topic of driving with their patients. 7o At the very
least, therapists should conduct a screening examination of
cognitive function, visual acuity, and reaction time. If the
screening reveals potential deficits that are beyond the scope
of physical therapy, then a referral to the appropriate health
care practitioner is necessary. If neuromuscular deficits seem
to contribute to unsafe driving abilities and if there is a rea
sonable expectation that these deficits can be mediated by
exercise, functional training, or assistive and adaptive de
vices, these interventions should be implemented. Finally, if
cessation of driving becomes necessary, therapists should
advise their patients to take advantage of community re
sources such as family and friends and public transporta
tion, paratransit, or ambulance services. Although these ac
commodations may be inconvenient, the safety of all
concerned should take precedence.

Case Studies
Case 1: Impaired Joint Mobility, Motor Function,
Muscle Performance, and Range ofMotion
Associated with Joint Arthroplasty
Mr. CS is a 76-year-old male who received a total knee joint
arthroplasty of the right knee on June 6,1997. Mr. CS has a
long history of degenerative joint disease of the right knee.
He experienced a gradual increase of pain in the knee and a
gradual decline of ambulation ability over a 2-year period.
Before onset of significant pain 2 years ago, Mr. CS had been
an active out-of-doors ambulator with no significant con-

TABLE 13-2

FUNCTIONAL MEASURES FOR MR. CS UPON
DISCHARGE FROM REHABILITATION HOSPITAL
PARAMETER

MEASUREMENT

Passive range of motion: Right
knee (all other ranges within
normal limits for 76-year
old male)
Strength: Right knee (all other
strengths within normal
limits for 76-year-old male)

Extension minus 5°
Flexion 1000

Extensors 3 +15 (10" quad lag
noted, i.e., active range of
extension limited to minus
15
Flexors 3+/5
61 meters (200 feet) with
walker, allowed weight
bearing as tolerated on right
Up and down 12 stairs with
railing
Independent to and from bed,
chair, toilet
Q

)

Ambulation

Stairs
Transfers

comitant medical problems. When pain with ambulation
could no longer be controlled by conservative measures and
ambulation became limited to within the home only, Mr.
CS's physician recommended surgery.
The postoperative recovery was uneventful. After an
acute-care hospitalization of 5 days, the patient was trans
ferred to a rehabilitation hospitaL Since Mr. CS lived alone,
the therapists at the rehabilitation hospital concentrated on
independence with ADLs as functional outcomes. Table
13-2 lists Mr. CS's functional measures at the time of dis
charge from the rehabilitation hospitaL
The home-care physical therapist visited Mr. CS for the
first time on the 14th postoperative day (second day after
discharge from the rehabilitation hospital). The patient re
ported that he was managing well in the home with support
services (Meals on Wheels, home health aide). He was able to
negotiate the one flight of stairs to the second-floor bed
room and bathroom using the railing and folded walker. The
home-care nurse had removed surgical staples on the previ
ous day, and a light dressing was in place for protection of
the healing wound. The nurse's note indicated that the
wound was not draining and there was no sign of infection.
When asked about his long-range goals, Mr. CS stated that
he would like to walk to the small shopping center down the
street and be able to drive his automobile (something he was
able to do up until the day of his surgery).
The physical therapist began the evaluation by confirm
ing that the patient could safely ambulate throughout the
home, negotiate the stairs, and perform all necessary trans
fers. The therapist and patient noted that there were four
stair steps leading to the front door of the home, and these
steps did not have a railing. Range-of-motion and strength
measures were similar to the measurements taken upon
discharge from the rehabilitation hospital (see Table 13-2).
The therapist measured the patient's walking speed by
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marking a 7.62-meter (25-foot) runway in the patient's liv
ing room and hallway. The patient was able to walk this
length in 10 seconds-a walking speed of 0.762 meters per
second (2.5 feet per second). This walking speed was well
short of the benchmark required for community ambula
tion (see Table 13-1).
The community evaluation revealed that the shopping
center was two blocks away (a distance of 183 meters, or 600
feet). There were four curbs of 20 centimeters (about 8
inches) on the way to the shopping center. There was a traf
fic light with pedestrian signals at the intersection where the
shopping center was located. The timing of the pedestrian
signal required a walking speed of 1.22 meters per second
(4.0 feet per second). Mr. CS's automobile was kept in his
garage that was easily accessible once the four stair steps in
front of the home had been negotiated. Based on all available
information, the therapist developed several goals and a
treatment plan (Table 13-3).
The therapist began the treatment program by teaching
open- and closed-chain active terminal knee extension exer
cises. The patient was instructed to perform 15 repetitions 3
times daily. The patient was advised that he might experi
ence a stretching sensation or mild discomfort while per
forming exercises. He was told that he should stop exercises
and alert the therapist if he experienced significant pain that
lasted more than a half hour after exercising.
OPEN-CHAIN: The patient was instructed to sit on the
bed with the thighs supported and legs dangling over
the edge. The patient slowly straightened the right
knee, held the maximal achievable extension range for
a count of five, then slowly returned to the starting
position.
CLOSED-CHAIN #1: The patient was instructed to lie
supine with a towel roll placed under the right ankle.
The patient tightened the knee extensor muscles while
pushing the posterior aspect of the knee down toward

the bed. The patient held the maximal achievable ex
tension range for a count of five, then slowly returned
to the starting position.
CLOSED-CHAIN #2: The patient was instructed to
stand with his back toward a wall. The posterior as
pects of the heels, buttocks, and shoulders touched
the wall. The patient tightened the knee extensor
muscles while pushing the posterior aspect of the
knee back toward the wall. The patient held the maxi
mal achievable extension range for a count of five,
then slowly returned to the starting position.
After completing closed-chain exercise #2, the patient was
instructed to modify that exercise to add self-assisted range
of motion. The patient was told to cross the left thigh over
the right thigh and to gently push down on the right thigh
with the left thigh while actively straightening the right knee.
The patient was told to hold the maximum achievable ex
tension range for a count of five, then return to the starting
position.
The patient was given the following advice for self
assisted flexion range-of-motion exercise: sit in a sturdy
wooden chair placed on a non-carpeted floor; place the right
foot on a towel on the floor; cross the left foot in front of the
right; slide both feet back until you feel a stretching sensa
tion at the right knee; hold this position for a count of five,
then return to the starting position.
To accomplish endurance ambulation training, the thera
pist used the 7.62-meter (25-foot) runway that had been
marked in the patient's living room and hallway. The thera
pist observed the patient while he walked at a moderate pace
to ensure safety of technique. The therapist instructed the pa
tient to walk nine runway lengths (68.58 meters, or 225 feet)
on the first day of training. This distance was 7.62 meters (25
feet) longer than the patient's capability on discharge from
the rehabilitation hospital. The patient was told to increase
the distance by one runway length each day. After completing

TABLE 13-3

FUNCTIONAL PROBLEMS, GOALS, AND TREATMENT PLAN FOR MR. CS AT FIRST HOME-CARE VISIT
FUNCTIONAL PROBLEM

GOAL

PLAN

10° quad lag
Passive range of motion limited to
minus 5° extension and 100°
flexion
Unable to negotiate stairs without
railing in front of home
Walker encumbers arnbulation

Eliminate quad lag (4 weeks postoperative)
Increase passive range to full extension and 110° flexion
(6 weeks postoperative)

Active terminal knee extension exercises
Active and self-assisted range of
motion exercises

Install railing (3 weeks postoperative)

Have local chore service install railing

Ambulate with cane (3 weeks postoperative)

Advance to cane arnbulation (check
with surgeon first)
Endurance ambulation training
Speed arnbulation training

Unable to walk to shopping center
Unable to walk quickly enough to
cross intersection at shopping.
center
Unable to drive automobile

Ambulate 300 meters (984 feet) (6 weeks postoperative)
Ambulate at a rate of 1.22 meters per second (4.0 feet per
second) (6 weeks postoperative)
Return to driving (8-10 weeks postoperative)

Refer for driver evaluation (when
surgeon agrees)
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the endurance walk. the pa tient was instructed to rest for 3
minutes, then repeat the endurance walk. This cycle could be
repeated three or four times. The patient was taught to mon
itor his heart rate. He was told to stop walking if his heart rate
exceeded i22 beats per minute (85% of age-predicted maxi
m L1 m heart rate) or if he felt "very hard" exertion. Once the
railing for the entrance-way stairs had been installed and the
surgeon authorized advancement to a single-tipped cane, en
durance ambulation was often conducted outdoors.
T he therapist also used the 7.62-meter (25-foot) runway
that had been marked in the patient's living room and hall
way for ambulation speed training . To walk at a speed of
1.22 meters per second (4.0 feet per second) the patient
needed to walk the length of the runway in 6.25 seconds. A
clock with a large face and second hand was placed at the
end of the hallway. The patient was instructed to time him
self while he wal!ked one length of the runway a little faster
(but always mindful of safety ) each day. This training activ
ity could be repeated as often as the patient wished each day.
The patient was advised to rest for at least 1 minute between
each speed-training walk.
Mr. CS made steady progress toward all functional goals.
He was advanced from walker to cane during the third post
operative week. The quad lag was eliminated by the end of
the fourth postoperative week, and strength and range-of
motion measures steadily improved. During the fourth
through the sixth postoperative weeks, the therapist con
ducted all ambulation endurance and speed training out
doors. The patient was able to safely ambulate to the shop
ping center by tile beginning of the seventh postoperative
week. Since all home-care physical therapy goals had been
met, the patient was given instructions for exercises to main
tain strength, range of motion, and endurance. Home-care
physical therapy was discontinued at that point. When Mr.
CS visited the surgeon for a 6-\veek postoperative fol'low up,
the surgeon authorized referral to the rehabilitation center
for driver evaluation. This evaluation was accomplished dur
ing the eighth postoperative week. Mr. CS was cleared for
driving at that p oint in ti me.

A

B

Case 2: Impaired Gait, Locomotion, and Balance
Secondary to Lower Extremity Amputation
T he patient is a 7l-year-old male who underwent surgical
above-knee amputations secondary to diabetes mellitus. He
was init ially placed in a long-term-care facility for pre
prosthetic care and ret urned home 2 months after surgery.
The home environment was a two-story single-family
dwelling. At that time the patient was using a wheelchair for
mobility, and home modifications included adapt'ing the
bathroom for a wheelchair user (Fig. 13-1, A and B). The
shower area was designed with transfers in mind, as was the
toilet. In this case, curtains rather than doors permitted easy
entry and use. In addition, other important elements of the
modifications included the adjustable shower head and floor
drain. The toilet bars were made ~rom PVC pipe and were

FIG. 13-1
user.

Shower area, A, and toilet, B, designed for a wheelchair
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FIG. 13-3 A wheeled walker can be substituted when the patient
experiences pain lifting a pickup walker.

B

Case 3: Impaired Joint Mobility, Motor Function,
Muscle Performance, and Ra nge of Motion
Associated with Localized InjlJlmmation

FIG.13-2 A, Ramps enable a wheelchair user to enter and exit the
home without negotiating difficult stairs. B, A piece of rope (arrow)
secures a screen door in the open position, and concrete surrounds
the front of the home to facilitate mobility.

custom designed. After an inpatient stay, the patient returned
home using a walker with platform attachments and two
above-knee prostheses to ambulate short distances. The en
ergy cost of ambulation was high, and the patient sometimes
preferred to use the wheelchair. As steps were difficult for the
patient to negotiate, a ramp was constructed to enter and exit
the home (Fig. 13-2, A and E), and a simple piece of rope se
cured a screen door in the open position. Concrete was con 
tinued around the front of the home, facilitating mobility.

The patient is an 82-year-old female guest at a personal care
home. Her history included carpal tunnel syndrome (right
wrist) and rheumatoid arthritis. She declined surgery [or the
syndrome, preferring to use a wrist support for pain relief.
The carpal tunnel syndrome and rheumatoid ar thritis were
challenges to this pati ent's mobility. Lifting a walker wors
ened her wrist pain , but hip and knee pain prevented her
from ambulating without the device. To accommodate her
needs, a wheeled walker was substituted for a p ickup walker
(Fig. 13-3). Fortunately, the home environment included
low pile carpeting and wood floors. Those surfaces offered
very little resistance to the wheeled walker. The addition of a
lift chair (Fig. 13-4) enabled the woman to transfer sit-stand
without assistance and have independent mobility in her
room. An electric hospital bed was used in a fashion similar
to the lift chair to maintain independence in bed transfers.
Using grab bars and a raised toilet seat, the patient was inde
pendent in toilet transfe rs.
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A lift chair adds ease to the sit-stand transiti o n.

FIG. 13-6 Poste rior skis on the wheeled walker (arrow) reduce
the energy expended when moving about the hOllse.

overexert himself. Posterior skis (Fig. 13-6) significantly re
duced the energy cost of ambulation and permitted him to
ambulate freely about his home.

Case 5: Impaired Aerobic Capacity and Endurance
Secondary to Deconditioning Associated with
Systemic Disorders
FIG. 13-5 A ramp on the exterior of the home allows for frequent
trips and independence for the wheelchair patient.

Case 4: Impaired Aerobic Capacity and Endurance
Associated w ith Cardiovascular Pump
Dysfunction
he patient was an SO-year-old man with a history including
renal failure, congestive heart failure, gouty arthritis, and
syncope. He retu rned home after a hospital stay to begin
dialysis. The home environment was modified with a ramp
(Fig. 13-5) to allow for frequent trips (via wheelchair and an
adapt d van ) for outpatient dialysis. An ''L'' shape design was
used to allow for a I-inch rise for every foot of ramp. In
doors, the patient's home contained very thick pile carpet
ing. He used a wheeled walker to ambulate, but the back legs
of the walker dragged on the carpeting, causing him to

The patient was a 73-year-old male who underwent surgical
resection of a malignant lung tumor. A course of chemother
apy and radiation followed the surgery, leaving the patient
weak. The weakness hampered functional mobility, includ
ing bed transfers. T he problem was that the bed was too
high. Rather than cutting the bedposts to reduce the bed
height, a box (Fig. 13-7, A) was fabricated to assist in bed
transfers. Another difficulty the patient encountered WJS us
ing the toilet. An elevated toilet seat and tub-mounted grab
bar made it possible for the patient to remain independent
in toilet transfers (Fig. 13-7, B). Stair climbing was aided by
the installation of suitable railings. To ascend and descend
stairs, angled railings were used. The angled railings allowed
the patient to self determine the height of his hand grip.
Readers should note the level railing at the stairs' landing
(Fig. 13-7, C). The use of level railings on a Hat surface was
easier for the patient rather than angled ones. The level rail
ings allowed the patient to weight bear in a fashion similar to
the walker he was using at the time.

222

Part Three

PROBLEMS AND PROCEDURES

A

B

FIG. 13-7

c

A, A box can all ow for easy transitions into and out of
the bed. B, Elevated toilet seJts and tub-mounted grab bars make it
possible for toilet transfers to remain an independent task. C, Level
railings o n a flat surface allow weight bearing in a fashion simila r to
a walker.
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SUMMARY
Remaining at home can be difficult for the older adult. Ade
quate and appropriate physical therapy interventions can
improve the odds for living successfully at home. Adaptation
of the environment, especially in the context of the commu
nity, often requires the cooperation of many interested par
ties. Sometimes, the functional abilities and support re
sources needed for independent living are not achievable. An
accurate and thorough examination and evaluation of the
patient and the environment should provide the data needed
to make a judgment about living at home.
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Formulating an accurate diagnosis that discriminates be
tween the two requires careful assessment across all body
systems and the ability to integrate the findings. It also relies
on the examiner having a strong working knowledge of the
expected anatomical and physiological changes associated
with normal aging and how those changes differ from or
contribute to common pathologies .
Anatomical and physiological aging have many inherent
characteristics. Most notably, aging is an inevitable and pre
dictable progression of tissue and system decline. All living
cells have a predetermined life span whether in an organism
or a species, yet variability exists among and within each or
ganism or species. 17 Gilchrest and Rowe have described hu
man aging as "an irreversible process that begins or acceler
ates at maturity, and results [over time1 in an increasing
number and range of deviations from the ideal state:'J7 They
comment that although the average human life expectancy
has increased over time, the expected maximum life span of
the species has not, implying inevitable anatomical and
physiological decline. Furthermore, people die of physiolog
ical processes rather than pathological processes.
As medical science advances to more effectively manage
pathology, the clinical consequences of human aging that
physical therapists face in the 21st century may be different
than those therapists faced in the previous century. The fo
cus may soon evolve to become management of physiologi
cal aging, with management goals directed exclusively to
ward wellness and prevention strategies rather than the
consequences of pathology. The population of elders today,
however, probably sits closer to the pathology end of the
wellness I pathology continuum. Today's demographics in
clude a rapidly increasing number of older men and women
who currently have many existing pathologies and impair
ments that drive a variety of health-care needs. The ability of
medical practitioners to treat pathology as well as the ability
of physical therapists and others to promote functional in
dependence over the life span have created a progressively
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INTRODUCTION
One of the many challenges facing health care providers who
manage pathology and impairment in older adults is the
question: Are the patient's presenting signs, symptoms, and
complaints during the latter decades of life a sign of specific
pathology or merely the manifestation of advancing age?
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larger demand for services related to impairment and dis
ability. Consequently, the development of physical therapy
science requires attention across the complete spectrum of
physical ability through to disability to meet the needs of to
day's and tomorrow's patients.
The purpose of this chapter is to provide a detailed
overview of the anatomical and physiological functions of
ventilation and respiration and to describe the tissue and
pulmonary system changes that occur with normal aging as
well as the subsequent impact these changes have on func
tion. The differences between the consequences of normal
aging and the impairments produced by cellular and system
pathology are examined. Special attention is afforded to the
investigation of dyspnea in the older adult, with emphasis on
the role that symptom evaluation plays in differential diag
nosis. The scope of therapeutic interventions based on ex
amination findings is presented with consideration of spe
cific tests for and diagnosis of impairments of the
pulmonary system. The chapter concludes with suggestions
for optimizing function and preventing pulmonary dysfunc
tion in the older adult.

VENTILATORY PUMP AND RESPIRATORY
DEVELOPMENT
Growth is characterized by the proliferation of cells, tissues,
and organs with new structures or functions, whereas senes
cence is characterized by the loss of adaptation ability and
greater vulnerability to disease. z9 Growth and full develop
ment are therefore requirements for achieving maximum
functional capacity and for the development of an adequate
ventilatory and gas exchange reserve capacity. While at rest
the adult individual uses approximately 10% of the pul
monary system's vital capacity (VC) to uptake adequate vol
ume for oxygen extraction. The remaining 90% ofVC can be
considered the reserve capacity available for responding to
increased oxygen demands, such as exercise or the metabolic
demands of disease. Consequently, any injury, disease, or im
pairment that occurs during maturation can significantlyaf
fect the potential for full development of the reserve capac
ity and therefore have a subsequent impact on pulmonary
system function in the long term.

Ventilatory Pump Development
The neonate's thorax is comprised of 12 pairs of ribs
arranged in parallel fashion and consisting of predominantly
cartilage cells. ll At birth the ribs are nearly horizontal, and
their motion is essentially en bloc. The initial thoracic pres
sure change required for ventilation is produced by the di
aphragm, relying on its piston action to compress the ab
dominal contents and displace the compliant chest wall. The
ventilatory muscles are skeletal muscles comprised of a mix
of white and red, fast- and slow-twitch fibers. The di
aphragm includes all these fiber types and is the primary
muscle of ventilation. At birth, the diaphragm's arching
curve is located high in the thorax, resulting in a smaller ra
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dius of curvature than in the adult. From this position the
muscle is able to generate an efficient inspiratory force. The
diaphragm at this time also has limited ventilatory reserve
capacity as little endurance conditioning occurs intrautero,
and the neonate has a lower preponderance of type I and a
larger number of type IIa fibers than do adults. This combi
nation leaves the neonate at risk for, and prone to, diaphrag
matic fatigue.
The work of breathing (WOB) at birth is produced by di
aphragmatic and chest wall muscle contraction, which dis
place the abdominal contents against a relatively weak ab
dominal wall and pull on the compliant thorax. 12 The
minute ventilation ([Ve] = respiratory rate [RR] X tidal
volume [Vt ]) is produced by a rapid respiratory rate and
small tidal volume at birth. As the lungs become more com
pliant with the reabsorption of amniotic fluid, volume in
creases and rate decreases. Ventilatory muscles of neonates
initially gain in strength and endurance with resulting in
crease in ventilatory capacity simply by performing the con
tinued WOB independently.
As the child develops in height and lays down osteophytes
to replace the cartilage in the ribs, a more rigid elliptically
shaped ventilatory pump develops.ll,lz The progressive na
ture of growth and development allows for gradual strength
ening and increased endurance of the muscles as the child
conditions the muscles by participating in functional activi
ties and exercise throughout adolescence. By age 20, the
maximum force capacity, or strength of the ventilatory mus
cles, is 7 to 10 times that needed to create inspiratory flow,
and nearly twice the maximum inspiratory force of an indi
vidual is available to generate the expiratory flows essential
for coughing and airway clearance. 36

Respiratory System Development
Murray describes the basic formation of the 23 generations
of cartilaginous conducting airways that are completed by
birth, with no additional division occurring after delivery.29
However, some additional structural changes occur during
growth and development that continue to affect the mor
phology of the airway. A decrease in the total number of gen
erations in the conducting airways takes place through a
process called alveolarization. Non-respiratory bronchioles
are converted to respiratory bronchioles in the alveolariza
tion process, which progressively increases the gas-exchange
capacity of the lung. The conversion occurs continuously
from birth through approximately 3 years of age, after which
the total number of conducting airways remains constant
throughout life.
The growth of each segment of the conducting airways
continues throughout adolescence and ceases with the com
pletion of growth of the thorax. Among individuals there re
mains great variability in the number of bronchial divisions
within the lung. Each individual's surface area for conduct
ing and exchanging gas depends on the conduction length of
the pathways from the pharynx to the segmental bronchi
and from the segmental bronchi to the gas exchange units.
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Then, the number of terminal units, including the actual
amount of bronchiole and alveolar surface area, completes
the surface area for gas exchange.
Neonatal alveoli are less complex than those in adults but
still serve in the function of gas exchange. They increase in
number from approximately 25 million at birth to approxi
mately 300 million when the lung is fully grown. 1,29 Two
processes contribute to this increase. The first process is a
multiplication of old alveoli whereby a single alveolar unit re
places itself. The precise period for completion of multiplica
tion is not known, is probably variable, and does stop before
growth of the thorax is complete. The second process, alveo
larization, stops by approximately age 3, although growth of
the individual's lung continues to maturity. During this time
the alveoli increase in size and complexity to eventually pro
vide a larger amount of surface area for gas exchange at any
given lung volume. The total alveolar surface area of a normal
adult has been reported to be approximately 80 m 2, and 85%
to 95% of that surface is covered with pulmonary capillaries.29
The end result of ventilatory pump and lung develop
ment for a 20-year-old without disease or injury of the pul
monary structures is a gas-exchanging system with a contact
area between the body and the external environment that is
40 times greater than that of the skin. 29 This lung develop
ment combined with ventilatory pump development con
tribute to the tremendous reserve capacity available for the
functions of ventilation and respiration in the adult. Tidal
volume is easily achieved at rest by ventilatory muscles gen
erating force at less than 10% of maximum capacity and us
ing less than 2% of the body's total oxygen uptake (V0 2 ) to
perform the WOB. The 70 square meters of lung/capillary
interface provide more than adequate surface area to achieve
the oxygen uptake required either at rest or with exercise and
contribute to the significant reserve capacity of the pul
monary system required for gas exchange over the course of
a lifetime.
VENTILATORY PUMP, AIRWAY, AND LUNG
ALTERATIONS WITH AGING
The physiological function of ventilation can be, described as
the activity performed by the biomechanical action of the
ventilatory muscles on the anatomically elliptical thoracic
cage to achieve the intrathoracic pressure changes required
for gas flow. The WOB is the work performed by the ventila
tory muscles, and the integrated musculoskeletal activity of
ventilation is described as the physiological work of the ven
tilatory pump.

Ventilatory Muscles
Tolep and Kelsen have studied the specific effects of aging on
ventilatory muscles. 46 In general, both the strength and en
durance of skeletal muscles have been found to decline with
age. The ventilatory muscles are a mix of type I slow-twitch
and type II fast-twitch muscle fibers, which is similar to
other skeletal muscles. The mixture allows the composition

TABLE 14-1

TYPICAL VALUES FOR STATIC RESPIRATORY
PRESSURES
PRESSURE""
(eM H,O)

PEmax
Plmax
Prs
Pmus exp
Pmus insp

RV

0
-130
-30
30
-lOO

LUNG VOLUME
FRC

200
-115

0
200
-llS

TLC

240
0
30
210
-30

'Maximal static re'l'iratory pressures at the mouth
PEmax, Plmax; Respiratory
system recoil
Prs; Respiratory muscle pressures
Pmus exp (PEmax Pr,) and
Pmus insp (Plmax - Prs),
RV residual volume; PRC =functionaJ residual capacity; TLC = total lung capacity.
From Rochester DF: Respiratory muscles: Function in health and disease. Clin Chest
Med 1988; 9:250.

of the muscle to be specifically responsive to the pattern of
activity and the functional role the muscle has in the body.
During normal resting breathing, the slow-twitch motor
units of respiratory muscles are active. These fiber types gen
erate tension more slowly but are resistant to fatigue. The fast
twitch motor units are recruited, and the fibers respond
quickly during more strenuous breathing efforts, but they are
also more susceptible to fatigue. All motor unit types appear
to be recruitable in the setting of a maximal inspiratory effort
or during forceful exhalations, such as coughing. The function
of the motor units remains intact over the course of a lifetime.
Ventilatory muscle strength can be tested indirectly by
measuring static inspiratory and expiratory pressures at
the airway opening during occluded ventilatory efforts.
The actual force values achieved are dependent not only
on muscle strength but also on the subject's motivation
and coordination. The measured values reflect the me
chanical action of the entire inspiratory and expiratory
muscles contracting in aggregate. The force generated is
also a function of lung volume, making measures of pul
monary function and ventilatory mechanics interdepen
dent. Pulmonary function and inspiratory/expiratory force
values can reflect the elastic recoil properties of the lungs
and chest wall (Table 14-1), both of which are altered in
aging, and by measuring strength at volumes other than
functional residual capacity (FRC) (Fig. 14-1)"6

Physiological Measures of Ventilation
There are several physiological parameters that can be mea
sured over time as indicators of a given individual's mainte
nance of ventilatory muscle strength and volume, or capac
ity. These include pulmonary function test measures of
volume, flow and lung compliance, and ventilatory mechan
ical tests of muscle strength and endurance. To understand
how aging of the lung in combination with the associated
musculoskeletal and chest wall changes impact these mea
sures of physiological function, large population studies
have been performed to specifically document the change in
males versus females and during specific decades of life.
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RV
100

50

% Maximum MIP
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Length

50

100

% Maximum MEP

FIG. 14-1 Effect of lung volume on maximum inspiratory and maximum expiratory pressures as a func
tion of the force-length relationship of the muscles (MIP = maximal inspiratory pressure; MEP
maxi
mum expiratory pressure; TIC
total lung capacity; PRC functional residual capacity; RV = residual
volume). (Redrawn from Clanton TI, Diaz PT: Clinical assessment of the respiratory muscles. Phys Ther
1995; 75:11.)

Lung volumes such as total lung capacity (TLC), vital ca
pacity (VC), and residual volume CRY) increase in value
from birth through the completion of growth, which usually
occurs in the late teens. Adolescent lung volumes are well
correlated with increasing body height and increase in the
size of the musculoskeletal frame as well as with the in
creases in intrathoracic space and lung tissue surface area. 29
Normal values for lung volumes can therefore be deter
mined by using prediction nomograms that correlate to gen
der, height, and age. Consequently, as height progressively
declines over the course of a lifetime, the size of the thoracic
container and its volume capacity are reduced (Fig. 14-2).
Tolep and Kelsen analyzed the work of Black and Hyatt
and others who examined and compared changes in ventila
tory muscle strength with age.<6 All investigators noted that
maximal static respiratory pressures declined 15% to 20%
over the age span from 20 to 70 years. The decline, however,
did not become significant statistically until age 55. Tolep and
Kelsen also assessed diaphragm strength by measuring it
transdiaphragmatically. They found a 20% to 25% reduction
in diaphragmatic strength, specifically when comparing older
adult values with those of young adults. The authors stated
that the differences did not appear to be the result of either
level of fitness or nutritional status. Additional conclusions
described WOB as increased with age, and requiring greater
muscle oxygen consumption at any workload since both res
piratory muscle strength and endurance are decreased.
Given the aforementioned findings, the older individual
is at greater risk for developing respiratory muscle fatigue
and subsequent failure when subjected to injury or disease
that affects ventilatory mechanics or inspiratory muscle

strength and endurance.<6 Muscle fatigue can be assessed by
measuring the amount of time a particular ventilatory load,
or Ve, can be sustained or by looking at the maximum level
of ventilation that can be sustained for a predetermined
amount of time, i.e., the maximum sustained ventilatory ca
pacity (MSVC) or the maximum voluntary ventilation
(MW).46

AirwaylLung Alterations
Wright has described normal lung tissue at full maturation
as having a network of elastic fibers that provides a sup
porting framework for the primary lobule, including the
terminal bronchiole, respiratory bronchiole, alveolar ducts,
and alveoli. 49 In the large bronchus the elastic fibers are
longitudinally arranged in a layer in the mucosa. Occa
sional small fibers may be circumferential and intermeshed
with the thick longitudinal fibers. Circular fibers are abun
dant in the bronchioles. In total, there is an elaborate con
tinuous framework of elastic fibers that unifies the various
pulmonary structures into an elastic unit. Microscopic ex
amination of healthy lung tissue extracted 'from a wide
range of adults showed alterations in elastic tissue that
were most distinct in those older than 80 but present in
those older than 50. The alterations in configuration were
confined primarily to the alveolar ducts and alveoli and
showed a generalized and uniform reduction in the
number of elastic fibers. The ducts and alveolar openings
were also slightly dilated.
Other tissue changes described during Wright's examina
tion included localized deposits of granular black pigment. 49
These deposits were noted mostly in the walls of respiratory
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Lung Volume
TLC
(1)

FAC
(1)

2.81

15

+

Height
(em)

130

20i140

4.0
4.4!

25

t

30

+

160

7.6
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35

6.4
6.8

20

~

1.4

5.6
6.0

.6
1~

150

4.8

5.2

Age
(yr)

.4

3.2
3.61

R.V.
(1 )

8.4

FIG.14-2

Males

Nomogram for calculation oflung volume in healthy non-smoking adults. (From Cherniack R:

Pulmonary Function Testing. Philadelphia, WB Saunders, 1977.)

bronchioles and alveolar ducts. Immediately surrounding
these pigmented areas, the elastic tissue was more frag
mented and in some instances absent. The collective tissue
changes described were postulated by the author to be re
sponsible for the loss of elastic recoil in the lungs of older
adults that leads to the progressive retention of volume,
which has been documented as associated with aging.
Turner and co-workers also investigated pulmonary changes
associated with aging and found reduction in static recoil
pressures, which are the physiological corroboration of the
fragmenting of elastic fibers.47 Turner and colleagues also at
tributed the resultant increase in residual lung volume to the
changes in lung elasticity and compliance.

Thoracic Pump Alterations
Although the alteration of the elastic fibers in the lung tissue
produces a more compliant, or "floppier;' lung, there are
summary anatomical changes in the thoracic skeleton that
result in a more rigid chest wall frame. The mobility reduc
tion in the thoracic rib cage is suggested to result from two
primary tissue alterations. The first is an increase in the
cross-linking of collagen fibers both in the ribs and in the
connecting sternal cartilage. 52 The second is primarily a ver
tebral column change whereby the intervertebral annulus fi
brosis becomes stiffer due to water loss, causing a subse
quent reduction in the cushioning distance between the
intervertebral disks. The composite result is a shorter, more

rigid thorax that is resistant to deformation and therefore re
quires greater ventilatory muscle force to achieve a change in
the intrathoracic pressure (Table 14-2).
Campbell and Lefral<' and Shepard39 have researched and
reported measurable changes associated with increasing
lung compliance and decreasing chest wall compliance over
time.
They noted that the combination of a rigid thorax, re
duced ventilatory muscle strength, and loss of elastic recoil
in older individuals combines to produce physiological al
terations in both the ventilation and gas exchange functions
of the respiratory system. As noted, the primary system for
measurement of ventilatory capacity is pulmonary function
testing or ventilatory mechanics, which assess muscle
strength, ventilatory volume, and expiratory flow.
Testing of lung volume over decades demonstrates that
TLC is not increased despite the increasing lung compliance
associated with breakdown of alveolar ducts and alveoli. The
stiffer chest wall and concomitant reduction in ventilatory
muscle strength probably prevents further increase in the
maximum volume that might be achievable with the more
compliant lung. Residual volume and FRC are however in
creased with the loss of elastic recoil and increased stiffness
of the chest wall. Additionally, distal airway closure during
expiration, or closing volume (CV), increases with loss of
the lung's supporting network, resulting in collapse of distal
lung segments and gas trapping in the lungs. 4 Since VC is the
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TABLE 14-2

PULMONARY ANATOMICAL AND PHYSIOLOGIC AL CHANGES WITH AGING
AGING ALTERATION

PHYSIOLOGICAL CHANGE

MEASURABLE CONSEQUENCES

~

• Decreased elastic recoil
• Increased compliance of lung tissue

• Progressive retention of alveolar volume
• Increased closing volumel airtrapping

• Stiffened cartilage
• Water loss from annulus fibrosis

• Increased rigidity of thorax
• Reduction in inter-vertebral cushioning

• Decreased chest wall compliance
• Increased work of breathing
• Shortened thoracic cage

• Decreased ventilatory muscle strength
and endurance

• Decreased MVV decreased MSVC
• Increased muscle fatigue at lower
workloads

• Decreased inspiratory force
• Decreased efficacy of cough
• Decreased exercise tolerance

• Increased closing volume

• Increased V/Q mismatch

• Decreased resting Pa02

Rearrangement and fragmentation of elastic
fibers

-----------------

tABLE 14-3

CHANGE IN PHYSIOLOGICAL MEASURES OF LUNG FUNCTION WITH AGING
PULMONARY FUNCTION TEST

TEST DESCRIPTOR

CHANGE WITH AGE

Total lung capacity (TLC)38

The amount of gas in the lungs at maximal inspiration

No change

Functional residual capacity (FRC)38

The volume of gas remaining in the lungs at the end of a resting
exhalation

Increased

Residual volume (RV)"

The volume of gas that remains in the lungs after a maximal exhalation

Increased

Vital capacity (VC)'"

The total volume of gas that can be exhaled after a maximal inspiration

Decreased

Forced vital capacity (FVC)3B

The largest volume of gas that can be forcefully exhaled after deepest
inspiration

Decreased

Forced expiratory volume in
1 second (FEVJ'8

The largest volume of gas that can be exhaled in 1 second
after deepest inspiration

Decreased

Maximal inspiratory pressure (MIP)'"

The maximum inspiratory force that can be generated at the mouth,
usually performed at RV

Decreased

Maximum expiratory pressure (MEP)50

The maximum expiratory force that can be generated at the mouth,
usually performed at TLC

Decreased

Maximal voluntary ventilation (MVV)"

The largest volume of gas that can be breathed per minute,
with voluntary effort

Decreased

The volume change per unit of pressure change

Increased/Decreased

Compliance lung/thorax

difference between TLC and RV, there is a proportional de
cline in VC as the RV increases (Table 14-3).

Ventilatory Work ofBreathing
The structural cellular and system changes just described have
distinct clinical implications for physical therapists working
with older adults. Essentially, the musculoskeletal ventilatory
pump has to carry out its function at a progressively increas
ing mechanical disadvantage over the course of time. 52
A portion of the increased ventilatory work and de
creased mechanical advantage results from the increase in
RV and FRe. The retained volume at the end of a resting ex
halation (FRC) means that the chest wall is actually held in
a position of partial inspiration. This altered position serves
to shorten the inspiratory muscles' resting length and pri
marily flattens the diaphragm. The position change alters

both the muscle's length tension curve and zone of apposi
tion while it reduces the muscle's potential contractile force.
The increasingly stiff chest wall is also more difficult to dis
place, so a greater muscle force is needed to achieve a change
in intrathoracic pressure or volume. Simultaneously, the dis
ruption in the elastic framework of the lung at the alveolar
level results in increased lung compliance with loss of elastic
recoil. The summary effect on ventilatory work is a higher
oxygen cost for the WOB at any given tidal volume or an
overall decrease in the efficiency of ventilation.
Aging-induced change in the elastic fiber support of the
conducting tubules (which become more rigid over time)
produces a less distensible airway and increases flow resis
tance while narrowing the tubules' radius. The thickened
mucosal layer associated with aging narrows the collective
conducting tubule radius even further. Both changes in
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crease the flow resistive WOB during the same time period
that the chest wall changes are occurring and increasing the
elastic WOB.
In the early decades of adult life, the ventilatory muscles
require less than 1% of the total V02 to accomplish WOB at
rest. In contrast, up to 10% of the total V02 can be required
by the ventilatory muscles to perform the WOB at extremes
of exercise. 20 This physiological range allows the ventilatory
system to perform efficiently over a wide range of functions,
from activities of daily living (ADL) and instrumental activ
ities of daily living (IADL) to sports and work activities.
With aging, the anatomical changes that inevitably increase
the WOB at rest automatically result in a rise in the oxygen
cost of ventilation for any level of activity or exercise. The
same progressive aging changes that decrease efficiency of
ventilation at rest also produce a reduction in the pump's
maximum capacity and decrease the ventilatory reserve ca
pacity available to meet the oxygen demands of activity or
the onset of pathology.

OXYGEN UPTAKE AND DELIVERY
ALTERATIONS WITH AGING
Examining the impact of aging on the function of external
and internal respiration focuses the discussion on the physi
ological functions of gas exchange, diffusion and oxygen up
take, and delivery. Murray has offered that the pattern of in
crease in arterial paz from birth to adulthood followed by an
age-related decline is similar to the course of change in elas
tic recoil between birth and advanced age. 29 He also com
ments that the two variables are related because of the inter
related impact of elastic recoil on airway caliber and the
distribution of ventilation. Weiss concurs that the distribu
tion of ventilation and perfusion determines the potential
for gas exchange and oxygen uptake: 8

VentilationlPerfusion Matching
Regional differences in the ratio of ventilation to perfusion
exist in the normal adult, and they are significantly related to
body position at rest. In the upright position there is a
greater degree of both ventilation and blood flow at the base
versus the apex of the lung. Gravity is responsible for the
large volume of blood flow at the lung bases, which increases
the interstitial pressure on alveolar structures and keeps
them relatively collapsed when compared with alveoli in the
lung apices. The larger number of alveoli at the base, how
ever, compensates for their small size when compared with
the overdistended alveoli at the apex. The end result is an
overall alveolar ventilation perfusion ratio (V/6) of 0.8 for
the whole lung.
Factors contributing to mild mismatching of ventilation
and perfusion at rest include the mixing ofvenous blood with
arterialized blood in the pulmonary veins and the physiolog
ical dead space that results from low pulmonary artery perfu
sion pressure in areas that are less well-ventilated. Regional
V/O. differences are easily overcome in the normal adult lung

with simple physical activity. Increase in oxygen demand at
the peripheral muscle produces an increase in all the physio
logical components of gas exchange. Increased cardiac out
put and systolic blood pressure with exercise result in an in
creased pulmonary artery perfusion pressure and flow with
more even distribution of circulation throughout the lung.
Simultaneous increase in tidal volume more evenly distrib
utes ventilation throughout the lung. Use of both the ventila
tory and circulatory reserves during activity overcomes re
gional differences in both ventilation and perfusion and
improves V/O. relationships and the respiration, or gas ex
change, function across the lung.

Gas Exchange Alteration with Aging
Multiple authors have described the steady decline in resting
arterial paz with aging. 4 ,29,39,49,52 The reported decline in
PaO l can be calculated with the regression equation: PaO z =
100.1- 0,323 (age).Z9 This formula is predicated on the pro
gressive anatomical changes described earlier. As the sup
porting framework for the alveolar structures breaks down,
the resultant lung collapse produces both uneven ventilation
and uneven circulation or greater potential for V/O. mis
match. The progressive airway closure and alveolar break
down that occur at the lung bases with aging indicate that
the inspired gas, traveling in the path ofleast resistance, pref
erentially distributes to the lung apices, thereby creating
more V/O.mismatching as blood flow continues to be greater
at the bases.
Arterial carbon dioxide (CO z) levels are not subject to
the same physiological changes as is oxygen. The diffusing
capacity of CO 2 allows continued elimination throughout
life despite the progressive increase in V/O. mismatching.
The intrauterine-to-extrauterine change in the PCO l dur
ing the neonatal period (which decreases from 76 mm Hg
at birth to approximately 33 mm Hg by 24 hours oflife fol
lowed by the gradual rise in PC0 2 back to 40 mm Hg) is lit
erally the only age-related change in PC0 2 that occurs over
the lifetime. CO 2 then remains at the normative value of 40
mm Hg throughout adulthood, assuming the absence of
pathology.

Diffusion
Diffusion is another factor that potentially impacts arterial
blood gas values. Multiple factors may influence the rate of
diffusion of a given gas and therefore the percentage of gas
in the alveoli or in the blood stream. Diffusion is enhanced
with a greater membrane surface area and a reduced mem
brane thickness. IS Additionally, the larger the pressure gradi
ent and the lower the molecular weight of a gas, the more
rapid the diffusion rate. In normal development, the diffus
ing capacity of the newborn is approximately half of that of
the adult, but by 5 to 6 years of age, diffusing capacity values
in the child are comparable with adult values. 29 Throughout
the rest of the normal growth period, diffusing capacity in
creases in close proportion to height. An increase in diffus
ing surface area corresponds to an increase in body mass and
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is associated with an increase in the reserve gas exchange ca
pacity of the lung. With advancing age, the progressive
breakdown of alveolar and capillary walls and consequential
reduction in alveolar capillary surface area results in reduced
diffusing capacity.z9 The decrease in diffusing capacity is not
considered pathological nor is it cited as a reason for the
change in the resting value of Pa0 2. The decline in arterial
POz is thought to be the result of ventilation-perfusion im
balances, or mismatching.

Oxygen Delivery
The cardiac and pulmonary systems work in a complimen
tary manner to accomplish the systemic functions of oxygen
uptake and delivery. The ventilatory pump is responsible for
moving gas from the atmosphere into the alveoli. Alveolar
oxygen moves into the pulmonary capillaries by the process
of diffusion. Oxygen then combines with blood-borne he
moglobin and travels to the left atrium in preparation for
left ventricular pumping and delivery to the body tissues.
The cardiac pump receives the oxygenated blood from the
pulmonary system and delivers it to the tissues via pumping
through the arterial system. Maximum oxygen consumption
CVozmax) is the measure of an individual's level of car
diopulmonary fitness and is the product of cardiac output
(Q) and arteriovenous oxygen tension difference (a-v02 ) and
is calculated by the formula: Vo2 max = Q X (a-v02 differ
ence).52 Alteration or change in anyone aspect of the oxygen
uptake and delivery system will certainly have a potential
impact on all aspects of the system.
Beginning with the pulmonary aging changes described,
any rise in WOB or oxygen cost of breathing increases total
body oxygen demand and potentially diminishes oxygen
available to limb muscles and other organs, particularly dur
ing exercise. An increased demand for oxygen results in an
increase in Ve.20 The increased ventilatory muscle effort as
sociated with an increase in Ve has an associated oxygen cost.
Ventilatory muscle work during resting minute ventilation
generally requires little of the total body Vo 2 , whereas high
levels of exercise may require up to 10% or more of the total
Vo2 • The process of aging and pathology can significantly af
fect those values.
Pardy and co-workers summarized and applied work by
Otis in their research and reported that by calculating the
VOz of the ventilatory muscles and the total WOB, it is pos
sible to project that at minute ventilations greater than 140
Llmin in patients with impaired gas exchange, all additional
increases in V02 that could be achi~ved would be used by the
ventilatory muscles. 30•32 This projection was based on actual
measurement ofVo z and calculated blood flow to the venti
latory muscles to demonstrate the impact of increased WOB
in individuals with pulmonary impairment. These authors
further commented that if a large portion of V02 is directly
consumed by the ventilatory muscles, then a significant por
tion of the cardiac output is delivered to the ventilatory
muscles, thereby reducing Oz availability to other skeletal
muscles. These proportional changes affect the amount of

233

V0 2 required to perform an activity and the Vozmax achiev
able by an individual.
Cardiac output (CO)-the product of stroke volume
(SV) and heart rate (HR)-is also influenced by aging, pre
dominantly as a result of the progressive decline in maximal
HR.4<l Shepard has noted that except for in the extremes of
old age, SV is relatively well-preserved. 39 This physiological
phenomenon would explain the lack of change in resting HR
values throughout the lifetime. SV values that are smaller
during the adult years are primarily a result of pathology or
the poorer conditioning level of less-fit individuals. How
ever, at very high levels of work, SV may be less in the older
adult because of a variety of additional influencing factors,
including poorer myocardial contractility, decreased dias
tolic filling, and increased afterload-which are all associ
ated with aging. 39,52 Thus, an increase in the load on the car
diovascular system potentially decreases CO and in turn
influences VOz.
Concomitantly, older individuals are also more at risk for
the presence and progression of coronary artery disease. Any
previous infarction of cardiac muscle reduces pump func
tion, limits distensibility, and potentially decreases the max
imum and reserve capacity of the cardiovascular pump. Sys
temic demands for increased oxygen delivery require both
an increased CO and oxygen supply to the myocardium. Any
blockage of coronary arteries that produces cardiac ischemia
secondary to inadequate blood flow results in a stiffer left
ventricle with elevated end-diastolic pressures. Both condi
tions further reduce myocardial blood flow and produce po
tential for cardiac pump failure and inability to meet sys
temic oxygen demands. In this case, exercise capacity may be
greatly reduced and the individual may likely experience the
symptoms of angina and dyspnea.

Cellular Oxygen Uptake
Examination of a-vOz difference caused Shepard to state that
there are several factors that may influence both the amount
of oxygen available at the tissue level and the tissue's ability
to extract oxygen in older individuals. The oxygen carrying
capacity of the blood is certainly one factor to be considered.
However, anemia is not commonly thought to be much of a
concern in the general elder population. 4o Decline in pul
monary function and V/Q matching could certainly dimin
ish the amount of available oxygen in the capillaries; how
ever, the impact on PaO z is relatively small. Therefore, the
impact on a-v02 difference has also not been reported as
substantial.
Shepard has indicated that through study of multiple or
gan systems, the factor most responsible for the reduction in
a-v0 2 difference with aging is the relatively large blood flow
that continues to regions where oxygen extraction is lim
ited. 40 Areas of declining perfusion with age include the skin,
kidneys, and other viscera, while the blood flow to exercising
muscles may also be relatively decreased. The young adult
has a demonstrated effective oxygen extraction in the work
ing muscles due to the dense capillary beds and high levels of
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aerobic enzymes in skeletal muscles. The older individual
who has decreasing muscle density and potentially ob
structed arteries combined with the reduced capillary/
muscle fiber ratio may have a poor overall oxygen extraction
ability that results in a lower maximum a-VOl difference.

Integration ofCardiovascular and Pulmonary
Response to Increased Oxygen Demand
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Examination of ventilatory and respiratory physiological
function reveals similarities between the cardiovascular and
pulmonary systems when responding to an increased oxygen
demand. The ventilatory and cardiac pumps simultaneously
increase their rate of contraction and volume of gas or blood
output when responding to an increase in systemic stress or
oxygen demand. 52 Both Vt and SV steadily increase in re
sponse to a progressive 0 1 demand up to approximately 50%
of the V02 max. Both pumps rely on smaller increases in rate
and larger increases in volume to meet increased output de
mand when they function efficiently. Beyond that volume
midpoint, each system relies on RR and HR increases, re
spectively, to produce greater Ve and CO while V, and SV
level off. The ability of each system to either uptake or out
put the greater volume needed to meet O2 demand is depen
dent on the intact physiological components of each system
(Ve = RR X V, and CO == HR X SV) performing the work
and a significant reserve capacity.
Steady state is achieved by each system once oxygen sup
ply meets the demand. This is measured by a steady respira
tory and heart rate at a given workload. Consequently, it is
the efficiency (work performed/oxygen used) of the cardio
vascular and pulmonary systems' response to an increased
oxygen demand that progressively declines with age due to
the progressive decline of the working components and the
slowed responses of advancing age. 52 Work or exercise at a
given intensity level potentially demands relatively larger Ve
and CO to achieve the same oxygen uptake and delivery in
an older individual. The simultaneous overall reduction in
efficiency and maximum capacity in both systems means
that the older individual reaches 50% of maximum V0 2 at a
lower workload level than a younger individual in similar
physiological condition. This can be measured clinically
through assessment of HR and RR while the individual is
performing exercise at objectively measured workloads. The
systems of older individuals will potentially take longer to
achieve a steady state and concomitantly may take longer to
return to resting level values. These clinical changes are not
unlike those seen in the presence of pathology.
From a functional perspective, loss of ventilatory muscle
function, gas exchange, and cardiovascular oxygen delivery
capacity with age contributes to a reduced maximum func
tional capacity for older individuals. The combination of in
evitable physiological aging and loss of fitness, or decondi
tioning, can result in a functionally significant reduction in
both the ventilatory and cardiovascular reserve capacity
available to meet V0 2 demands during activity. 52 According
to data regarding exercise capacity in the normal adult (age

20 to 60 years), it is common for most individuals to per
form functional activity or ambulation at approximately
40% or less of their maximum V0 2 .3 Additionally, when
adults are at greater than 60% V02 max, they experience dys
pnea. 52 Consequently, most individuals function between
10% and 40% of V02 max to perform ADL. Thus, as V0 2 max
declines with aging, an individual may modify activity per
formance, i.e., slow down, to keep oxygen consumption at or
less than 40% of max. If situations arise that require the in
dividual to exceed 50% to 60% V02 max, anaerobic metabo
lism and dyspnea are experienced and the individual will
generally self-limit the activity. The challenge then for most
clinicians is to differentiate whether the symptoms of dysp
nea on exertion in older adults are the result of the level of
exercise compared to the level of conditioning, the impact of
aging, or the development of pathology.

PATHOLOGY THAT PRODUCES
IMPAIRMENT AND IMPACTS FUNCTION

Physiological Effects ofPathology
There are many pathological processes-both acute and
chronic-that can result in impaired oxygen uptake or deliv
ery in the older adult. Any pathology that affects the chest
wall, ventilatory muscle strength and endurance, gas ex
change surface area, or oxygen transport and delivery essen
tially interferes with the metabolic kinetic chain. Commonly,
older adults have multiple comorbidities that concurrently
affect several of the physiological component functions and
thereby impair both the resting and exercise VOl and Vo2max.
Chronic alterations in the bony thorax of the ventilatory
pump such as those seen in scoliosis, kyphosis, or ankylosing
spondylitis can result in reduced chest wall compliance and
increased WOB secondary to both the increased load and the
mechanical disadvantage during diaphragmatic descent and
accessory muscle rib cage lift. Acute pathology such as rib
fracture, surgical incision, or pleuritic pain associated with
chest wall inflammation creates a similar set of physiological
circumstances, again restricting V, and necessitating an in
crease in RR to meet the demands of ventilation. With limi
tation in chest wall expansion, the increases in Ve needed for
gas exchange probably result from increase in RR rather than
an increase in V,. Consequently, some activities may be se
lectively eliminated by older individuals due to the discom
fort associated with an increased RR. Increased frequency of
respiration also affects the force/frequency curve of the ven
tilatory muscles by reducing the maximum force of contrac
tion and increasing the oxygen cost of ventilation, serving as
another potential limit to exercise.
The muscles associated with ventilatory pump motion
can also undergo acute and chronic changes due to patho
logical processes, which can translate into functional impair
ments. Acutely, a hemidiaphragm paralysis, whether due to
idiopathic cause or one associated with a surgical procedure,
can greatly reduce ventilatory muscle strength and en
durance. This too will result in dyspnea on exertion (DOE)
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or again elimination of activities that produce or are associ
ated with uncomfortable symptoms. Perhaps more chronic
in impact is the progressive muscle weakness associated with
some neurological diseases or the immediate reduction in
force that results from spinal cord trauma, reducing VC and
the ability to successfully maintain or increase Ye.
The airways and lung parenchyma are also at risk for
pathological compromise. Acute processes such as asthma ex
acerbation that cause airway edema and inflammation create
resistance to airflow by narrowing the diameter of the air
ways. Similarly, hypertrophy of the mucous glands produces
excessive mucus in the airway that is thicker and more diffi
cult to mobilize. Edema and secretions, in combination with
the impaired mucociliary transport often associated with
bronchitis and airway inflammation, will increase airway re
sistance and WOB. This set of conditions may be acute,
chronic, or acute superimposed on a chronic condition.
Atelectasis may also result from many of these patholog
ical circumstances, which effectively reduce Ye and con
tribute to gas exchange impairment with an alteration in
ventilation/perfusion matching. A greater intrathoracic
pressure change will be required (increased WOB) to achieve
re-expansion of collapsed lung areas when compared with
the WOB associated with tidal ventilation in partially in
flated or compliant parenchyma.
All of these examples of acute and chronic pathology
serve to describe some of the physiological mechanisms that
can affect or permanently alter the WOB and reduce gas ex
change capacity. Chronic conditions that continually and
progressively impair or eliminate the ventilatory and gas ex
change reserve capacity often produce greater decline over
time than those associated with acute pathology. Although
the initial functional change at the individual level may pre
sent as a simple slowing down in the performance of work or
community activity, the incremental, progressive loss in
combination with physiological aging may lead to eventual
reduction in or elimination of independence and function
inADL.

235

sponse associated with aging. These changes occur in the ab
sence of other neuromuscular and musculoskeletal pathol
ogy. Alterations in the defense mechanisms of the lower res
piratory tract of elders may increase their vulnerability to
infection. The cells involved in specific immune responses
have been reported to be the most affected by aging in terms
of both slowed response and a decrease in the magnitude of
response.

Identification and Impact of Common Pathologies

Pneumonia
The diminished respiratory reserve and declining inununity
associated with the aging process increase the risk of con
tracting and experiencing severe consequences from com
munity-acquired pneumonia.6 The prevalence and severity
of pneumonia in older populations has been linked to the
extensive use of inununosuppressive drugs for treatment of
a variety of disorders. Micro-aspiration has also been identi
fied as a significant cause for bacterial pneumonia in this
population, though in many cases no causative agent is ever
conclusively identified.6
Atypical presentation of pneumonia symptoms in elders
may often delay diagnosis and subsequent treatment. Chan
and Welsh discussed the difficulties associated with geriatric
respiratory medicine. 6 They summarized that many patients
presented with functional decline, confusion, falls, angina,
exacerbation of chronic obstructive pulmonary disease
(COPD), or metabolic abnormalities instead of the typical
respiratory symptoms common to pneumonia in a younger
population. They added that the delayed or missed diagnosis
of pneumonia may contribute to the increased mortality rate
associated with this disease in elders. This has clinical signifi
cance for many physical therapy providers in a variety of prac
tice settings who may be the first to observe or identify the
change in behavior or atypical symptoms. Standardized phys
ical examination and review of systems in this population are
essential to identify all signs and symptoms of abnormality
and to accurately identify acute impairment in its earliest
state. The slowed physiological responses and decreased re
serve capacity in advancing age decreases the margin for error
and increases the risk associated with any pathology.

Acute lung pathology is important to identify in its early
stages because it can have significant and long-lasting venti
latory and respiratory consequences in the older adult. Abil
ity to fight infection is a significant issue for the aging pop
ulation whether the individual is healthy or already
compromised. Meyer and colleagues studied whether in
creasing age would be a factor in the presence of immune
dysregulation and inflammation in the lungs of clinically
normal older persons. 26 Their results indicated that altered
inflammatory cell profiles and low-grade inflammation of
the lower respiratory tract were more prominent in the older
age-groups that they studied.
Gyetko and Loews studied the ability of older individuals
to fight infection.19 Upper airway protection can be compro
mised by the change in elastic recoil and the rigidity of the
chest wall as well as the progressive impairment of cough re

Asthma
Fanta has reported on the difficulty of diagnosing asthma in
elders.14 He noted that it may be extremely challenging to dis
tinguish between the presentation of chronic obstructive
lung disease and asthma, especially in older individuals who
are smokers. It is entirely possible that the individual with
fixed airway obstruction secondary to chronic lung disease
may additionally develop a reversible obstructive component
that responds to bronchodilator~ and corticosteroid therapy.
He offers that asthmatic bronchitis may be a better descriptor
for reactive airways disease in these patients. He emphasizes
that advancing age does not mandate irreversible airway ob
struction. Consequently, those patients who would benefit
from use of a bronchodilator to reduce WOB and improve
functional performance should be identified.
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Again, the presence of potential comorbidities makes dif
ferential diagnosis in the setting of wheezing quite difficult.
It is important to rule out other acute processes such as lung
lesions, pulmonary emboli, or other chronic system prob
lems such as congestive heart failure and recurrent aspira
tion. Examination of standardized test values and the re
sponse to therapies can assist in the diagnosis.
Tuberculosis (TB)
Couser and Glassroth have noted that except for patients
with human immunodeficiency virus (HIV), the elderly
have the greatest incidence of tuberculosis. 9 They postulate
that factors determining whether an infected elder develops
active disease may be related to the presence of an associated
underlying illness, use of immunosuppressive drugs, base
line nutritional status, and the degree of immunocompro
mise in a particular individual. They note that a diagnosis
may be delayed or missed secondary to older patients who
are poor historians; have cognitive impairments; or simply
have masked symptoms such as cough, dyspnea, fatigue,
night sweats, or weight loss that can be attributed to aging or
another comorbidity. Symptoms may also vary from those of
younger patients, and radiographic findings may also be un
usual as skeletal, lung tissue, and aging changes can con
found the picture. Careful testing and monitoring can often
lead to previously missed diagnoses such as TB in older in
dividuals. Certainly, the lack of an accurate diagnosis in this
instance could have dire consequences, particularly with res
idents of health institutions.
Lung Cancer
The increased incidence of lung cancer in the elderly is an
other significant cause of mortality and morbidity. Older
adults are predisposed to development of lung cancer be
cause of their longer lifetime exposure to cigarette smoking
and other environmental irritants.24 Symptoms common to
many of the diseases discussed earlier are often the present
ing features here as well, i.e., chest pain, dyspnea, weight loss,
and cough or hoarseness. Physical therapists may become
involved in one of the many case management phases for
these patients, from participating in the diagnostic process
by collecting sputum samples for diagnostic testing to
preoperative rehabilitation that includes reconditioning
through acute postoperative airway clearance management
and eventual reconditioning. Examination and evaluation at
every phase with careful testing can identify specific emerg
ing and resolving impairments. Consideration of the indi
vidual's prognosis and objective measures of improvement
or decline are the key factors for assuring the accuracy of the
impairment diagnosis at every stage.
Chronic Obstructive Pulmonary Disease
Chronic lung diseases are prevalent in this country, and the
onset is generally in the fifth (chronic bronchitis) through
the seventh (emphysema) decades of life. They are com
monly confused with the onset and impact of aging due to

their physiological similarities. Emphysema is characterized
by extensive destruction of the elastic network in the lung
parenchyma, causing a loss of alveolar surface area and cap
illaries. 44 The resultant impaired gas exchange, which mayor
may not be present at rest, is readily identified during exer
cise tests that monitor ventilation and blood gases or pulse
oximetry. Limitations in an individual's ability to increase Ve
secondary to increased flow resistance with collapsible air
ways and/or weak, fatiguing ventilatory muscles result in the
clinical signs and symptoms of dyspnea; decreasing levels of
blood oxygen; change in ventilatory pattern; and the likely
termination of exercise at low maximum voluntary ventila
tion (MVV), or achievement of predicted MVV at low work
loads.
Individuals with chronic bronchitis or bronchiectasis
have obstruction to airflow and a greater WOB due to the re
duced airway diameter associated with smooth muscle con
traction and excess secretions. Concomitantly, they are at
risk for and frequently have airway inflammation as a result
of immobile and retained secretions. Many individuals ex
perience a combination of pathologies, whereby compo
nents of both chronic bronchitis and emphysema co-exist,
probably because cigarette smoking is the most predomi
nant etiology in both pathologies. Air trapping in the lungs
due to the parenchymal disintegration associated with aging
is of far greater consequence in the older adult with obstruc
tive lung disease than in the aging adult without underlying
lung pathology. The increased WOB and loss of gas exchange
capacity impair physical function at lower workloads and of
ten steadily progress to loss of independence in unassisted
physical functional activity.
The anatomical and physiological aging changes that re
duce the pulmonary reserve capacity of seniors work in con
cert with COPD pathology to exaggerate the pulmonary
symptoms associated with aging. 52 The normal individual's
ventilatory strategy for meeting increased oxygen demand
includes increasing V t and shortening and equaling the in
spiratory/expiratory phases of breathing while increasing
respiratory rate and breathing at a higher lung volume. 20 The
ability to move a larger volume of gas at a faster rate and
with a shorter expiratory phase depends on many factors: an
effective muscle mechanical response to stretch, force fre
quency and length tension, and the ability to improve the
muscle force response to load to take advantage of the max
imal flow rates achievable at high lung volumes. Older indi
viduals with COPD are often unable to take advantage of
these physiological mechanisms as a result of the progres
sion of aging and disease.
The difficulty associated with the ventilatory response to
increased work demand in these patients is a result of the
compounding effects of aging and pathology. The overdis
tended floppy lung increases its residual volume over time
and shortens the resting position of the ventilatory muscles.
Increasing ventilatory volume from this resting position re
quires the muscles to shorten even further, which signifi
cantly reduces the force generation potential of the ventila
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tory pump. This force reduction occurs in a setting where
the stiffer thoracic cage increases the elastic WOB and the
narrowed obstructed airways increase the flow resistive
WOB. Similarly, increasing respiratory rate to improve gas
exchange will also reduce force generation potential based
on the force frequency curve of muscle. Reducing the expi
ratory phase time and increasing the expiratory force and
pressure will promote more airway collapse and trapping in
this population, further compounding the problem.
Consequently, the exact strategies that improve the venti
latory mechanics for normal individuals are costly in terms
of WOB and oxygen consumption. for older patients with
COPD. These breathing strategies are thereby self-limiting
since they are being performed by muscles with decreased
strength and endurance capacity working against progres
sively increasing loads at a greater mechanical disadvan
tage. 32 The ability to sustain exercise in this patient popula
tion will eventually be severely limited and can potentially
progress to early onset of DOE and ventilatory muscle fa
tigue or even onset of dyspnea and fatigue at rest.
Osteoporosis
The onset of osteoporosis with aging can also have a signifi
cant impact on ventilatory function and cardiovascular fit
ness. While osteoporosis is not inevitable with aging, mea
sures must be taken to delay or defer its onset. 16 Some
persons are genetically at greater risk for the development of
osteoporosis, but diets low in calcium, sedentary life-styles,
and the postmenopausal state all contribute to the develop
ment of osteoporosis. Restrictive lung disease may develop
as the thoracic spine becomes more kyphotic and the chest
wall becomes more rigid. Pain associated with decline in
bone mass diminishes ventilation or ventilatory efforts and
has a negative effect on the desire to participate in
activity/exercise. The diminished ventilatory capacity associ
ated with restrictive disease necessitates an increase in respi
ratory rate to meet the demand for increased minute venti
lation and precipitates dyspnea at an earlier onset during
activity. Maintenance of an active life-style through the ag
ing process is associated with improved cardiovascular fit
ness and increased bone and muscle mass.

EXAMINATION AND EVALUATION TO
DISCRIMINATE BETWEEN AGING AND
PATHOLOGY

Examination
The consistent combined symptom presentation in older
adults that includes dyspnea, early onset fatigue, and slowed
activity rate challenges clinicians to be careful and thorough
during examination and evaluation to ensure accuracy of di
agnosis and appropriateness of prognosis and treatment
plan. The overlapping signs and symptoms of aging, decon
ditioning, and cardiovascular or pulmonary pathology pre
sent an excellent rationale for performing a standardized ex
amination and evaluation with every patient. A complete
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history, review of systems, and use of standardized tests and
measures provide a baseline set of information and test val
ues that can be compared with known normative values for
identification and classification of actual pathology, impair
ment, and functional limitation.
History and Systems Review
Past medical and surgical history, history of the current con
dition, and symptom description for rest and activity are es
sential beginning components of the examination. The pa
tient's description of his/her current functional level and
whether that has been consistent for years or recently devel
oped gives the provider a picture of the patient's perception
of himself/herself and his/her function compared with oth
ers. Standardized tests such as the Functional Status Ques
tionnaire (FSQ) and the Klein Bell Activities Scale can be
used to establish a functional baseline and to compare the
patient with others or himself/herself over the course of
therapy.21,22.37
,
The work and environmental living history will also con
tribute to the patient composite picture. Each of these data
sets allows the clinician a view of how patients perceive
themselves compared with their baseline, describe their
function in terms of their current life-style, and set out their
expectations for the future. A sedentary individual may not
perceive slight shortness of breath at rest as a problem,
whereas a lifetime tennis player may perceive the inability to
play multiple sets as a disaster. The patient history and ex
pectations present the context for the next steps in the
process: review of systems and test/measures.
Review of systems serves to screen each system for
pathology to indicate whether additional objective testing is
required. Any abnormality in baseline values such as heart
rate, blood pressure, or respiratory rate at rest will indicate
whether further tests, such as monitoring vital signs with ac
tivity, are necessary. Normative values obtained for any sys
tem may also allow the clinician to rule out certain patholo
gies or impairments and eliminate the need for any further
testing.
Tests and Measures
Tests that document cardiovascular and pulmonary function
at rest and with activity are the essential components of this
examination. Observation and documentation of the tho
racic cage shape, mobility, and muscle function are the initial
steps. Physical examination steps including palpation, per
cussion, and auscultation are performed initially and repeat
edly over the course of care since these tests may illustrate
change fairly rapidly in response to changing conditions.
Tests and measures of ventilatory function, such as pul
monary function tests (PFTs) and ventilatory mechanics,
and tests and measures of gas exchange, such as arterial
blood gases (ABGs), oximetry, and capnometry, are essential
to compare the objective values with the subject's descrip
tion of symptoms or information presented during the in
terview. These standardized, reliable, and valid tests are in
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valuable to the clinician making the initial diagnosis and
measuring progress over time.
Investigators have questioned whether older individuals
with slowed processes or mild cognitive impairments would
be able to adequately perform compliance-dependent tests,
such as PFTs.41 Sherman and colleagues found that overall,
seniors can perform PFTs in compliance with the acceptabil
ity and reproductibility standards of the American Thoracic
Society. Although most subjects were unable to meet the ex
act standards for achieving a plateau in the flow/volume
curve or reproductibility standards for multiple perfor
mance, the diagnostic utility was still deemed useful. Despite
the fact that objective testing of the population is standard
ized, one of the most difficult things to measure accurately
and repeatedly is symptoms. Quantification of symptoms is
essential in older adults because one symptom, such as dys
pnea, could represent multiple pathologies or impairments.
Silvestri and Mahler have discussed the problem of dysp
nea in the elderly and do not feel it is a normal consequence
of agingY Most persons who experience dyspnea tend to
seek medical attention when the symptom interferes with
functional activities. An unfortunate consequence of dysp
nea is that individuals tend to reduce their physical activity
in response to symptom onset, which leads to progressive
deconditioning, which in turn leads to dyspnea onset at
lower levels of physical exertion. It is therefore essential to
determine the source of an individual's dyspnea to appro
priately address the impairment and resolve the issue pre
cipitating the problem.
Quantification of dyspnea by standardized methods is
strongly suggested. Acute dyspnea that is characterized by
rapid onset is more likely due to an acute pathological prob
lem such as pneumonia, pulmonary embolus, or pleural ef
fusion. 25 Slow insidious dyspnea onset that is commonly at
tributed to the "aging process" can often be traced to the
simultaneous progression of chronic disease and decondi
tioning. Consequently, exercise testing or walk testing that
documents and measures the onset and severity of symp
toms and then compares the results with standardized values
is an effective way to objectively document and classify the
symptoms. 20
Measures of lung volume and flow, maximal inspiratory
and expiratory pressures and gas exchange and qualification
of symptoms at rest are often not enough to get a complete
picture of the patient or to make an accurate diagnosis of
impairment, functional limitation, and disability. Monitored
exercise tolerance tests that track signs and symptoms at
measured workloads make an essential contribution to iden
tifying and discriminating among the signs and symptoms
of pathology versus aging.42
A cardiopulmonary exercise test is designed to stress the
oxygen transport system. Metabolic, cardiac, ventilatory, res
piratory, and subjective data are all examined and compared
with predicted normative values for gender, age, and level of
training. Interpretation of the data generally indicates
whether a ventilatory, respiratory, cardiovascular, or symp

tomatic limitation to exercise exists. Ventilatory limits or im
pairments are identified when the Vemax is greater than or
equal to 85% of the predicted MVY. A gas exchange limit
or impairment is diagnosed by a decrease in partial pressure
or saturation of oxygen with increasing activity level. Nei
ther of these changes is associated with normal aging. A car
diac pump impairment is identified by a flat or falling sys
tolic blood pressure in response to increasing levels of work.
Additionally, the V02 may fail to increase early in exercise,
demonstrating the pump's inability to increase SV with in
creased oxygen demand, or the V0 2 may level off quickly and
before maximum exercise, denoting a limitation in cardiac
reserve and indicating abnormality rather than aging.
Deconditioning is common among older adults and is
represented in exercise testing by a low V02max and low
anaerobic threshold. Changes in signs and symptoms, such
as angina onset with change in electrocardiogram configura
tion (ECG change), are identified as ischemia and not de
conditioning. Consequently, when the patient describes on
set of chest tightness or dyspnea during exercise that is
associated with rales and falling blood pressure, the clinician
can rule out deconditioning as the impairment. Similarly,
DOE can certainly be associated with deconditioning but a
decline in oxygen saturation or onset of paradoxical breath
ing pattern of ventilation cannot be. Deconditioned individ
uals most often complain of leg fatigue or discomfort at the
termination of exercise in addition to the symptoms of gen
eral fatigue and dyspnea. 42 Physiological abnormalities asso
ciated with increasing workloads are measured and recorded
to serve as the basis for identifying and classifying impair
ments to be managed in physical therapy or patients who
need to be referred for medical evaluation.

Evaluation, Diagnosis, Prognosis
The final step in evaluation is the clinical judgment process.
The clinician considers all the findings from the examina
tion to determine what impairments are amenable to physi
cal therapy intervention, what diagnostic pattern best de
scribes the patient, and what are reasonable outcomes and
prognosis for the course of care. Patients who have localized
problems such as muscle performance or the systemic prob
lems associated with deconditioning may be well-managed
in a short treatment course and quickly achieve an improved
functional performance. Older individuals with serious and
significant impairment of ventilatory pump function or gas
exchange mechanisms may require more complex interven
tions and a longer course of care and may never achieve a re
turn to full functional capacity. The goals and expected out
comes for seniors should consider the slowed healing
process, the decreased maximum capacity of the system, and
a realistic functional potential.
THERAPEUTIC INTERVENTION
Design of an accurate and effective treatment program is de
pendent on the previously described processes of examina
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tion and evaluation. Identification of the existence and sever
ity of each impairment allows the therapist to prioritize in
terventions and direct the care provided to maximize the
probable improvement any patient can achieve. Individuals
with reduced ventilatory pump capacity will receive pro
grams that effectively reduce the work of breathing or im
prove the strength and endurance ofventilatory muscles. Re
duction in the WOB is often accomplished through change in
body position to reduce the biomechanica1load, e.g., upright
sitting reduces abdominal resistance. Muscle length and
stretch are often affected by variables that can be manipu
lated, such as intrathoracic lung volume; body position
(supine vs upright); and degree of external compression, e.g.,
abdominal binder. Therapeutic intervention is directed at the
balance between minimizing load and maximizing efficiency.
Other strategies to reduce WOB include those that lower flow
resistance, e.g., use of bronchodilators; use of medications,
e.g., steroids to reduce inflammation; and control of breath
ing pattern to improve flow rate and muscle contraction.

Breathing Strategies
From a physical therapy perspective there are strategies that
can be used to decrease the work of breathing for patients
with an increase in both the elastic and the flow resistive
work of breathing. Diaphragmatic breathing, pursed lip
breathing, and paced breathing with exercise are techniques
that are designed to reduce the WOB, decrease the oxygen
cost of ventilation, and improve the efficiency of ventilatory
pump function?3 Diaphragmatic breathing as a technique
focuses on reduction of the RR to improve efficiency of alve
olar ventilation; recruitment of the abdominal muscles to fa
cilitate use of the diaphragm to its best advantage on its
length tension curve; and finally, reduction of V0 2 per unit
of work by decreasing the repetitive contraction of the ac
cessory muscles. 27
Reduction of the RR improves alveolar ventilation in
multiple ways. A lower rate reduces the V/o. mismatch by
decreasing inefficient ventilation of the anatomical dead
space. It also slows the velocity of diaphragmatic contrac
tion, which facilitates recruitment of intercostal and other
accessory muscles. Finally, it increases the overall strength of
each muscle contraction by potentiating the force frequency
curve and allowing time for motor unit recruitment. 5,3!
Improving the strength and efficiency of each breath po
tentially lengthens the time before the onset of fatigue in an
impaired individual. Tactile facilitation of efficient and ef
fective diaphragmatic contraction assists with expiration
through muscle cueing. Abdominal pressure in the sub
xiphoid region generates a quick stretch before the next in
spiratory effort, improving inspiratory contraction. Select
ing the appropriate technique for each patient is based on
the previous examination or re-examination. 23
Pursed lip breathing is a strategy used to diminish the
symptom of dyspnea. It is spontaneously adopted by some
individuals with obstructive lung disease. A summary of the
findings of multiple investigators offers a variety of ratio
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nales to describe the mechanism for its success. The pro
posed reasons include: facilitation of increased inspiratory
tidal volume by increasing the volume exhaled with each
breath, decreased respiratory rate by slowing and prolonging
expiratory flow, decrease peak and mean expiratory flow
rates that potentially decrease turbulent flow and airway
collapse, and finally improved alveolar ventilation. 28 •45 The
technique can be taught to patients by using visual aids such
as a mirror and careful tactile and vocal facilitation of the
therapist.
Paced breathing is another technique that is expected to
reduce the work of breathing and diminish the symptom of
dyspnea during activity.23 Varying ratios of inspiratory time
to expiratory time have been tested with multiple functional
activities in an effort to find a ratio that provides subjective
comfort during activity performance. Practice or repetition
of maneuvers during basic activities of daily living (BADL)
may enhance the process of integrating the behaviors into
daily living. Change at that level improves the likelihood the
patterns will become ingrained behaviors and improve the
patient's ability to participate in social and work activities,
enhancing overall quality of life.
The most severely limited patients may need to imple
ment a program that incorporates most or all of the afore
mentioned strategies. Exhale with effort is a technique that
attempts to break down an activity into one or more breaths
per task, with the intent of decreasing the rate of activity per
formance and reducing the overall or maximum metabolic
demand. 23 Applying expiratory control throughout the
breathing cycle allows the inspiratory ventilatory muscles to
be active during inspiration, and the abdominal and some
parasternal muscles to be active during expiration. This
shortens the active cycle for each group, allows them to po
tentiate function for one another, and again prolongs the on
set of fatigue. 23 Silvestri and Mahler support the use of
breathing strategies, with the additional expectation that pa
tients will be able to gain control of their breathing and stave
off the usual panic that accompanies the onset of dyspneaY

Strength and Endurance Conditioning of
Ventilatory Muscles
Once the patient has begun to master some of the strategies
or techniques for reducing the work of breathing and im
proving the efficiency of the pattern of breathing, there may
be an opportunity to address strength and endurance needs
of the ventilatory muscles. Inherent in this process is the
need to have measured and documented any impairment. It
is appropriate that strength is measured through the assess
ment of the maximum inspiratory and expiratory pressures
(MIP and MEP) and the comparison of values with norma
tive data. Assessment of MVV or that which can be sustained
for 15 minutes or longer (MSVC) measures endurance,36
Other tests are not as practical for clinical use.
The same principles that accomplish skeletal muscle
strength training apply to training the ventilatory muscles.
To achieve a change in muscle fiber size or response to load,
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an acceptable level of intensity must be applied using the
overload principle. Specificity is important in that improved
performance for an outcome is achieved by training using a
like activity.2 Finally, the principle of reversibility applies,
meaning that cessation of the training activity will result in
a decline in the positive benefit previously achieved."
While there are multiple ways of training the ventilatory
muscles, threshold training has been suggested to achieve
both strength and endurance goals. 34,35 In this method, a cal
ibrated load is applied during inspiration, and no load or re
sistance exists during expiration. Reid and Samrai reviewed
the results of studies by multiple authors and reported im
provements with this method of training in a variety of pop
ulations (asymptomatic persons and those with COPD,
asthma, and cystic fibrosis).35 An alternative method for ad
dressing the strength and endurance needs of the ventilatory
muscles is to have the individual perform exercise, as the
WOB itself presents the overload training stimulus. With
this method it is possible to apply the principles of overload,
specificity, and reversibility and have a patient participate in
an activity that can be reproduced during day-to-day func
tion. From a clinical perspective, there may be improved
compliance on the part of the patient if he/she is not obliged
to perform multiple forms of therapeutic activity through
out the day for the same end result.
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Airway Clearance
Excessive secretions in the airways can obstruct airflow and
increase the flow resistive work of breathing. Manual tech
niques of percussion, shaking, and vibration in appropriate
segmental drainage positions can enhance the mobilization
of secretions. 43 Clearance of secretions by cough, huff, forced
expiratory techniques, or suctioning removes the obstruc
tion to airflow-at least on a temporary basis---and reduces
the work of breathing. There are conditions of excessive mu
cus production (chronic bronchitis, bronchiectasis) or im
paired mucociliary transport (immotile cilia syndrome) that
may require secretion clearance measures on a chronic or
long-term basis to assist in managing airway obstruction
and in maintaining a tolerable work of breathing. Many of
these techniques can be effectively performed by the patient
in chronic situations, which promotes self-care and inde
pendence.

Endurance Conditioning
The last intervention to be discussed is exercise training or
conditioning. The exercise program for any individual is
based on reducing or eliminating impairments and is there
fore prescribed using the exercise test resultsY Healthy older
adults may have required a routine standardized exercise test
protocol during examination to elicit symptoms and docu
ment maximum capacity or exercise limitation. 52 Individuals
who have been sedentary or who have been diagnosed with
significant pulmonary disease likely will have undergone a
modified exercise test protocol or a timed walk test to objec
tively elicit their exercise limitation and allow for measure
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ment of clinical signs and symptoms. Severity of pre-existing
cardiopulmonary disease may have warranted additional
data collection that included 12-lead ECG monitoring,
analysis of expired gases, or assessment of heart sounds to
accurately identify system impairment during exercise. 52
An exercise program should be designed based on the
documented impairment, the patient's functional goals, and
the prognosis for outcome. Often the most significant key to
the success of an exercise program is a patient-selected rea
sonable mode of exercise. Reasonable is defined in terms of
ease of access, simplicity of performance, and patient com
fort. The physiologically successful prescription has to com
bine the elements of intensity, duration, and frequency that
best address the type and severity of impairment, e.g.,
strength training/intensity for strength deficits.I5 Accommo
dations that are often necessary for older patients include an
initially low intensity of exercise, an intermittent workload,
and a goal that focuses on prolonged duration. An initial ap
proach that is too aggressive may result in an excessive respi
ratory rate, early onset of symptoms, and rapid patient dis
comfort, which could lead to early termination of the
activity. Programs that result in early successes and goal
achievement will often increase the confidence of the partic
ipant and enhance his/her willingness to continue.
Physiological training principles should focus on low-in
tensity loads until the duration of exercise achieves a reason
able endurance level, e.g., 30 minutes. Once the patient can
ambulate or bike for 30 continuous minutes, the load can be
increased to address functional strength goals. Specificity of
program design relates to the task to be accomplished, e.g.,
quad strengthening for stair climbing. Incorporating the pa
tient's goals for improvement in performance of any basic or
instrumental activities of daily living will undoubtedly im
prove compliance with the exercise program. Giving the pa
tient suggestions for modifying all daily activities to an in
tensity that does not provoke an unacceptable subjective
rating of dyspnea may enhance his/her compliance with the
exercise program until overall functional capacity improves.

WelinesslPrevention Techniques
Given that aging is inevitable and the consequences of aging
are not preventable, the question arises, how can the risks of
ventilatory and respiratory dysfunction be minimized for
the older adult? Clearly many individuals lead a normal life
without excessive adaptations for performance of functional
activities, and not all forms of pathology produce dysfunc
tion. However, many individuals may increase the risk of de
veloping impairment as a result of unhealthy behaviors, par
ticularly in the setting of other environmental factors.
Smoking Cessation
Cigarette smoking is a major health concern for everyone;
however, there are special problems that are unique to the
older adult. Most older smokers have a higher nicotine ad
diction, making it more difficult to quit. Additionally they
have smoked longer and are consequently at greater risk for
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more smoking-related problems. lO Cox has reported that
" ... quitting smoking at any age will increase both the qual
ity and quantity of life .... "10 Clinicians who understand
this will not have an attitude of "age prejudice" toward their
patients by deciding that it is too late to refer older individ
uals to smoking cessation programs.
Nutrition
Nutrition is an important consideration for good health at
any age. In examining dyspnea in the elderly, Silvestri and
Mahler commented that one third of patients with COPD
were underweightY They projected a host of consequences
that were related to weight loss and poor nutrition, includ
ing shorter survival, decreased ventilatory muscle strength,
and greater risk of infection. There is obvious concern that
reduced ventilatory muscle strength may contribute to in
creased breathlessness and a greater WOB. A recent study by
Dow examined whether dietary antioxidant intake in elderly
persons was related to lung function. 13 While vitamin Chad
no association with FEV 1 or FVC, vitamin E was positively
associated with both. Implications were that further study
should investigate the value of dietary supplementation and
the effect that may have on reducing the decline in lung
function longitudinally.
Immunizations
Vaccinations are another means of reducing pathology risk
in older adults, especially in terms of common pulmonary
disorders that compromise function. Seniors should avail
themselves of the publicly circulated vaccines for influenza
and pneumococcal pneumonia. While illness is not pre
vented in 100% of cases, severity is reported to be much less
in vaccinated individuals-a significant benefit to persons
with diminished reserve capacity.lo

Stress Management
Management of stress needs consideration as well. Both the
immune and cardiovascular systems are influenced nega
tively by stress. 16 Additionally, stress and anxiety have a detri
mental effect on an individual's ability to cope with short
ness of breath or dyspnea.

Case Studies
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History
Pertinent social history includes that he is married and lives
with his wife. He has seven children and many grandchildren
who are his primary interest and socialization, though many
live out of state. He is a retired high school principal and
currently is not involved in any community activities. BJ
lives in a two-story home that he owns. There are eight steps
into the house from the front walk, which has railings on
both sides. His bedroom is on the second floor, but there are
bathrooms on both levels. He describes himself as indepen
dent in self-care, but says that "everything takes a long time"
and his wife will assist as needed. He does not participate in
any IADL, except for driving. He had to give up his hobby of
gardening 2 years ago. Medications on admission include al
buterol, ipratropium and fluticasone inhalers, glyburide, lev
ofloxacin, verapamil, digoxin, and supplemental O2 ,
The most recent laboratory tests show a slightly ele
vated white blood cell count, normal hematocrit value,
and normal platelet count. The chest radiograph reveals a
calcified nodule in the right hilum and infiltrates in the
left upper lobe, lingula, and left lower lobe. The sputum
specimen shows gram positive cocci. An arterial blood gas
on 5 L O 2 via nasal prongs revealed significant hypoxemia
with a compensated respiratory acidosis. The most recent
measures of spirometry from 1 month ago demonstrate
an FVC of 1.94 L (50% predicted) and an FEV 1 of 0.39 L
(15% predicted). BJ had been hospitalized for a right
lower lobe pneumonia within the last month and before
admission was receiving home nursing and physical ther
apy services. Past medical history is significant for COPD;
frequent pneumonias, including respiratory failure requir
ing prolonged mechanical ventilation 3 years ago; type II
diabetes; hypertension; supraventricular tachycardia; and
a remote history of an appendectomy.
Social habits include an 80-pack per year smoking history
and no alcohol use. The patient admits that he continues to
"sneak" cigarettes, and his wife smokes at home.
Systems Review
A review of systems reveals a resting respiratory rate of 28, a
heart rate of 102, and blood pressure of 152/60 mm Hg. The
skin is warm, dry, and intact with no evidence of clubbing.
There are no active musculoskeletal or neuromuscular prob
lems that would limit the patient. He is alert and oriented,
communicates well, and understands instructions.

BJ
BJ is a 73-year-old English speaking white male who was ad
mitted to the hospital 1 day ago after a medical evaluation in
the emergency unit. He is undergoing an examination by a
physical therapist in the acute medical service. One week be
fore admission he noted a fever of 102°F associated with
cough and sputum production and was prescribed an an
tibiotic by his primary care physician. Yesterday, he com
plained of increasing shortness of breath, increased cough
with yellow sputum, and decreased activity tolerance. He
was transported to the emergency unit by ambulance.

Tests and Measures
Appropriate tests and measures to conclude the examination
included the following:
• Aerobic capacity and endurance: Able to ambulate 300 feet
with a rolling walker with two rest periods of 1 to 2 min
utes; on 3 L of oxygen (baseline at home) his saturation
dropped from 93% to 86%; activity was rated as "very
heavy"
• Anthropometric characteristics: Height = 66 inches,
weight
160 pounds
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• Arousal, attention, cognition: Fully alert, oriented, and
communicative
• Muscle performance: All extremities within functional
limitations
• Posture: Rounded shoulders, forward head, forearm lean
ing position at rest
• Self-care and home management: Independent in bed mo
bility, moves supine to sit to stand, ambulates with a rolling
walker (assist needed for wheeling O 2 )
• Ventilation and respiration: Breath sounds markedly di
minished bilaterally; bronchial over left upper lobe,
rhonchi over left lower lobe laterally; cough effective, wet,
and clearing moderate amounts of thick green sputum;
poor chest wall mobility and barrel chest evident; at rest
HR 102, BP 152/60 mm Hg, RR 28, SP02 93% on 3 L O 2,
After objective information was collected, the evaluation
was formulated. A list of pertinent impairments included the
following:
• Impaired ventilation
• Impaired gas exchange
• Impaired airway clearance
• Impaired ADL/IADL performance
• Impaired aerobic capacity
Based on the examination findings an appropriate physi
cal therapy diagnostic classification for this patient was im
paired ventilation, .respiration, and aerobic capacity associ
ated with airway clearance dysfunction.
The clinical impression was that this elderly gentleman
had been experiencing an acute pulmonary process superim
posed on a chronic condition. He was not able to maintain
baseline status in this setting and required PT intervention to
assist with secretion clearance, to improve gas exchange, and
to prevent further deconditioning. He would require further
short-term rehabilitation before returning home. Prognosti
cally, it was anticipated that he should return to his baseline
status of independent secretion clearance with 6 visits over 4
days. However, he might not return to his baseline status with
regard to gas exchange for 2 to 3 weeks. By the time he returns
home, the physical therapist expects no evidence ofacute infil
trate by chest x-ray. BJ also should experience less dyspnea on
exertion with basic ADL and should be able to resume driving.
Appropriate interventions for this patient included sup
plemental O 2 with titration to keep saturation at least 92%;
BJ required teaching to ensure appropriate use. Positioning
and manual techniques to enhance secretion clearance were
instituted to reduce the WOB and to improve gas exchange.
A progressive walking program was implemented to im
prove exercise tolerance, while instruction in energy conser
vation and pacing improved his ability to perform self-care
at home. Although the focus of therapy is remediating im
pairments in the acute setting, the intent is to achieve mean
ingful outcomes for any patient. Reasonable outcomes for
this patient included the following:
• Return to optimal level of daily function
• Return to ability to socialize with friends and family
• Improved health related quality of life
• Safe performance of basic and instrumental ADL

• Understanding of strategies to prevent further functional
limitations and disabilities
• Patient satisfaction with health care interventions
This case demonstrates the examination and evaluation
processes for a patient with an acute on chronic process and
offers strategies for a return to functional independence with
PT intervention.

CE
CE is a 60-year-old white male with emphysema and chronic
bronchitis who was referred to outpatient physical therapy
secondary to progressive DOE. His chief complaint is an in
ability to walk more than 100 feet without resting. He has
noticed a significant decrease in activity tolerance since his
last hospital admission for pneumonia 4 months ago.
History
Pertinent social history includes that he is a widower and lives
with his son and daughter-in-law in their two-story home.
There are two steps to enter the house, and the patient stays
on the first floor. He is retired from maintenance work sec
ondary to his health, and has been on disability for 8 months.
Functionally, he is independent in basic ADL, but it takes him
a longer time to shower and dress. Additionally, showering
precipitates increased cough and shortness of breath. With
regard to instrumental ADL, CE is quite limited. Most cook
ing, cleaning, and laundry is done by his family. He drives and
does light marketing and minimal cooking. He uses no assis
tive devices. He has no hobbies. Medications include salme
terol, albuterol, ipratropium and budesonide metered-dose
inhalers, prednisone, theophylline, and trazodone. There are
no laboratory tests available except spirometry, which
demonstrates an FVC of 2.01 L (46% predicted) and FEV I of
0.85 L (27% predicted).
The past medical history is unremarkable, except for pul
monary issues. He was diagnosed with emphysema 4 years
ago by his report. He has had multiple pneumonias, requir
ing hospitalization four times in ,the last year. Social habits
include a l20-pack per year smoking history, currently 3 to
4 cigarettes/day. He admits to occasional ETOH use (alcohol
consumption).
Systems Review
The review of systems showed a resting regular HR at 108,
BP of 140/80 mm Hg, RR of 24, SpOz of 91 % on room air.
No clubbing or lower-extremity edema were noted. No ap
parent limitations related to musculoskeletal or neuromus
cular problems were identified. The patient admitted that he
feels discouraged by his current limitations.
Tests and Measures
Appropriate tests and measures to conclude the examination
included:
• Aerobic capacity: 6-minute walk test, covering 850 feet, re
quiring 3 brief rests; small but appropriate elevations in
HR, BP; RR increased to 32; SP02 dropped to 86%; per
ceived exertion was "very heavy"
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• Anthropometric characteristics: Weight = 131 pounds,
with lO-pound weight loss in last 6 months; height = 70
inches
• Arousal, attention, cognition: Alert and oriented, good his
torian, appears motivated to improve health status
• Gait, locomotion, balance: No abnormalities noted
• Muscle performance: Proximal muscles 3+ to 4/5 in all ex
tremities, otherwise normal; maximal inspiratory pressure -30
em H20 from RY, maximal expiratory pressure in normal
range
• Posture: Forward head, rounded shoulders, elevated clavi
cles, significant thoracic kyphosis
• Ventilation and respiration: Breath sounds are decreased
throughout with low-pitched wheezes at bases; synchro
nous pattern of breathing at rest with significant recruit
ment of accessory muscles with ambulation; poor chest
wall mobility and diaphragmatic excursion; cough is effec
tive, dry now, but frequently productive of tan secretions
throughout the day
Based on the examination findings, the evaluation was
formulated and a list of pertinent impairments included the
following:
• Impaired ventilation with increased work of breathing, in
efficient pattern, and low MIP
• Impaired gas exchange
• Impaired muscle performance
• Impaired aerobic capacity
• Impaired knowledge regarding use of O2 , medications,
self-monitoring, and exercise progression
• Impaired ability to engage in IADLs and socialization
• Inability to climb stairs in a functional manner
The examination findings supported a diagnostic classifi
cation of impaired ventilation, respiration and aerobic ca
pacity, and endurance associated with ventilatory pump dys
function.
This patient had one significant comorbidity that could
impede his progress-his nutritional status. He could re
quire dietary supplements or might benefit from a referral to
a nutritionist. He was motivated to make gains and already
reduced his smoking to 3 to 4 cigarettes per day. He under
stood that another exacerbation of bronchitis would nega
tively affect his progress and that it is imperative that he
achieve full cessation of smoking. It should take approxi
mately 6 to 8 weeks for him to meet his goals and experience
functional gains.
The anticipated goals and expected outcomes for this pa
tient included:
• Increased proximal muscle strength to 4 to 4+ /5 in 6 to 8
weeks
• Decreased sense of dyspnea with ambulation on level sur
faces and stairs in 6 weeks
• Appropriate use of supplemental O2 within 2 weeks
• Appropriate use of metered-dose inhalers within 2 to 3
weeks
• Adherence to home exercise program within 2 weeks
• Ability to self-monitor exercise/symptom response in 8
weeks
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• Ability to ambulate for 30 minutes with increased distance
in 8 weeks
• Improved participation in basic and instrumental ADL in
8 weeks with decreased sense of dyspnea
Intervention was scheduled for 2 to 3 times per week dur
ing the next 6 to 8 weeks. The focus in weeks 1 and 2 was on
breathing retraining to improve efficiency and to minimize
the work of breathing. Given the history of recurrent infec
tions, it was worthwhile to ensure that the patient adequately
cleared secretions without bronchopulmonary hygiene
(manual techniques). Additionally, education was provided
regarding appropriate use of supplemental oxygen and me
tered-dose inhalers as well as symptom identification. Inspi
ratory muscle training was introduced at this time as well as
peripheral muscle strengthening. The focus in weeks 2 to 6
was on an exercise assessment and creating an exercise pre
scription that led to a conditioning program.
Given the severe functional limitations, CE initially
walked in an interval format using short walk segments (e.g.,
2 minutes) alternating with rests (30 seconds), attempting to
complete at least 20 minutes of exercise. By week 6 he was
performing 20 to 30 minutes of continuous walking with
only one rest period. It was expected that he would carry out
a walking program at home and use an exercise log as an ef
fective tool for monitoring his success and adherence. While
all aspects of the program were monitored and modified
throughout the course of physical therapist intervention, the
focus in weeks 6 to 8 was on finalizing all aspects of the ex
ercise prescription and ensuring independence in perfor
mance.1t was important to re-examine all objective tests and
measures to determine improvement over the course of in
tervention as well as to obtain the patient's subjective view.
Re-examination in 4 to 6 weeks was the ideal time for further
modification of the exercise prescription and assessment of
patient compliance.

SUMMARY
The ventilatory and respiratory functions of older adults un
dergo a process of change related to aging that begins in
early adulthood. In the absence of other pulmonary insults
or illness, these changes do not usually result in a severe
enough decline to affect resting function or performance of
activities that require a moderate level of VOl' However, the
impact of disease in conjunction with environmental factors
or high-risk behaviors can be significant. Disease processes
can easily be accelerated and result in functional limitations
if not addressed early in their course or treated adequately.
The physical therapist practicing in a geriatric setting
needs to be knowledgeable about the normal consequences
of aging to be able to identify the origin of and differences
between impairments of aging or pathology. The ability to
measure and discriminate between the process of aging and
the sequelae of pathology are essential to appropriate man
agement of impairment and prevention of functional de
cline. Interpretation of the results of varied testing proce
dures in addition to the thorough interview and
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examination allow the therapist to perform the differential
diagnostic process and proceed with an appropriate plan for
intervention. Interventions are directed at patient-identified
goals, when appropriate, and the success of any program is
based on improvement in the quality of life and prevention
of functional decline.
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capacity after training, thereby reducing the fatigue and dis
comfort associated with the activity. Other potential health
benefits of endurance exercise training translate into an im
proved quality of life by reducing the risk of developing age
related diseases, such as atherosclerosis, hypertension, non
insulin-dependent diabetes, and osteoporosis.
The best index of cardiovascular functional capacity is
maximal oxygen uptake, or Vozmax. Briefly, Vozmax is the
maximal rate at which the body can utilize oxygen (0 2 ) or, in
other words, the maximal rate at which energy can be pro
duced through aerobic mechanisms. Usually, Vo 2 max is ex
pressed as the volume of Oz consumed (mL) relative to time
(per minute) and body weight (per kg)--or mUminlkg. To
provide a degree of perspective, a world-class male endurance
athlete may have a Vnzmax of 80 mUminlkg, whereas it is
not uncommon for a frail 80-year-old woman to have a
Vo 2max of 14 mUminlkg. For additional perspective, the en
ergy cost of walking 3 mph is approximately 12 mUmin/kg.
Thus, walking 3 mph would require only 15% of the elite en
durance athlete's Vo2max, but 86% of the 80-year-old's
Vo2max. Because the degree of fatigue and discomfort expe
rienced during an activity depends on the intensity of the ex
ercise relative to an individual's Vo2max, walking 3 mph
would be perceived as very easy by the elite athlete but as very
difficult by the frail woman. Thus, the higher a person's
Vo2max, the greater the opportunity for that person to enjoy
a variety of physical activities without undue fatigue.

INTRODUCTION
A decline in cardiovascular functional capacity occurs with
aging, regardless of life-style. However, the sedentary life
style that is typical of older adults in the United States accel
erates the decline in functional capacity and increases the risk
for losing independence at a relatively young age. Some older
adults, particularly women, are so debilitated that they use
nearly 100% of their cardiovascular functional capacity just
to perform instrumental activities of daily living (IADL). Ha
bitual exercise training slows the rate of decline in cardiovas
cular function, thereby delaying the onset of frailty.
Even though cardiovascular fitness declines with aging,
most older adults have the potential to improve fitness
markedly through endurance exercise training. Although the
primary benefit of endurance training is an improvement in
maximal cardiovascular functional capacity, there are sec
ondary benefits that are of significant practical importance.
For example, an activity that demands 100% of functional
capacity before training may require only 80% of functional

CHANGES IN CARDIOVASCULAR
FUNCTION WITH AGING
The rate of O 2 consumption (Vo 2 ) increases linearly as exer
cise intensity increases and is a function of the rate at which
O 2 is delivered to (cardiac output, orQ) and extracted by the
tissues (arteriovenous oxygen content difference, or a-v02
difference). The Vo2max an individual can reach is influ
enced by factors such as heredity, gender, age, body compo
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sition, and endurance exercise training. 5In most individuals,
Vo2max is limited by Q, which is the product of heart rate
(HR) and stroke volume (SV). For this reason, Vo 2max is
considered the best available index of cardiovascular fitness.
It is usually measured during a treadmill or cycle ergometer
test, during which exercise intensity is progressively in
creased. The objective determination ofVo2max is a failure
to increase V02with an increase in exercise intensity, Le., a
plateau in Vo2• Because this criterion is often difficult to at
tain, particularly in the elderly, other indices of a near
maximal effort include a respiratory exchange ratio greater
than 1.10, a HR within 10 beats per minute of the age-pre
dicted maximal HR, or a blood lactate level greater than 8
mmollL,5.76 Using these criteria, it has been shown that
healthy older men and women up to 80 years of age reach
Vo2max values during treadmill exercise that are repro
ducible. 52 When Vo2max is measured during cycle ergometer
exercise, however, individuals are often limited by muscular
fatigue and attain peak V02 values that are approximately
10% less than the treadmill value. 58 This deficit may be ex
aggerated in the elderly due to declining quadriceps muscle
mass and/or strength.
Average Vo2max values in healthy, sedentary 25-year-old
men and women are 46 to 48 mL/min/kg and 34 to 36
mL/min/kg, respectively.46.64.76 The effect of aging, per se, on
the decline in Vo2max is difficult to determine due to the in
crease in body fat contene7.77 and decline in physical activ
ity125 that also typically occur with advancing age; both will
accelerate the decline in Vo2max. Cross-sectional and longi
tudinal studies indicate that Vo2max decreases about 4 to 5.5
mL/min/kgldecade in men and 2 to 3.5 mL/min/kgldecade
in women, or approximately 12% to 13% per decade. 61 This
probably reflects the rate of decline due to the combined ef
fects of age, increasing adiposity, and a sedentary life-style.
In men and women who remain relatively lean, the esti
mated rate of decline in Vo2max is about 9% per decade,57.76
and in master athletes, who remain lean and maintain a vig
orous level of physical activity, the estimated rate of decline
is only about 5% per decade.46.57.108
It has been suggested that the age-related decline in
Vo2max in sedentary persons is due in large part to the loss
of muscle mass that occurs with aging.46 This seems unlikely,
however, as muscle mass is essentially maintained to age 50
but Vo2max is not. 61 The decline ofVo2max in well-trained
athletes also does not appear to be linked to changes in body
composition but rather to a decline in maximal HR. 51 .57.108

DETERMINANTS OFV02 MAX

Heart Rate
Maximal HR (HRmax) is determined primarily by age, as
evidenced by the following equation recommended for its
estimation. 5
HRmax

= 220 -

age

However, a number of studies of exercise capacity of the
elderly have found that HRmax is actually greater than pre

dicted. 51,52,76,123 For example, among groups of healthy people
whose age averaged 58 years,s1 65 years/6 and 72 years,52
HRmax averaged 176, 165, and 157 beats per minute (bpm),
respectively, or approximately 10 bpm higher than the age
predicted values. HRmax is not different between older men
and womenS9,76 and is not markedly altered by endurance ex
ercise training. 7,36,52,$4,76,123
To determine the effect of age, per se, on cardiovascular
responses to exercise, researchers have studied master ath
letes, who remain lean and maintain a high level of physical
activity. These studies51 ,S7,102,108 indicate that HRmax plays a
major role in the age-related decline of Vo2max. Rivera and
colleagues found that HRmax, SV; and a-v02 difference were
all lower in older compared with young distance runners.108
However, othersS1 ,56 have found that O 2 pulse (defined as
Vo2max divided by HRmax), SV; and a-v02 difference were
similar in young and older athletes, indicating that a slower
HR was responsible for the lowerVo2max in older athletes.
In comparisons of master athletes and age-matched seden
tary controls,SI,56 HRmax was similar but Vo2max values
were 40% to 50% lower in the untrained men due to reduc
tions in both SV and a-v(\ difference. Thus, the age-related
decline in Vo2max is due primarily to the decline in HRmax
but, at any age, differences among individuals inVo2max re
flect differences in the capacity of the heart to deliver O2 and
the muscles to utilize O2,
The cause of the age-related decline in maximal HR is not
fully understood. Sympathetic drive may be attenuated,
since catecholamine levels, i.e., epinephrine, norepineph
rine, have been observed to be lower in older than in young
persons in response to exercise at the same relative inten
sity.80 Furthermore, with aging there appears to be a de
creased sensitivity67,ll7,140 and responsiveness46,97,139 to the ef
fects of catecholamines, Thus, the chronotropic response,
i.e., increase in HR, to a given plasma catecholamine con
centration is reduced with aging.

Stroke Volume
SV is the difference between end-diastolic and end-systolic
volumes. Maximal SV may be maintained or actually in
creased with aging to help offset the decline in maximal Q
(cardiac output) due to the reduction in HRmax. From stud
ies of men and women aged 20 to 75 years,S9.64 it has been de
termined that there is no relationship between age and
stroke index (SV per m 2 body surface area). These studies re
ported significant declines in Vo2max with aging due to the
decline in maximal Q that occurred as a result of a lower
HRmax. It is possible, however, that this apparent decline in
cardiac function was complicated by the high prevalence of
occult coronary artery disease. 86,lIo Indeed, when subjects
were rigorously screened to eliminate those with cardiovas
cular disease,119 the older subjects had a greater increase in
SV during vigorous exercise than did the younger subjects.
This was accomplished by an increase in end-diastolic vol
ume rather than a reduction in end-systolic volume. En
durance exercise training has been shown to result in an in
crease in maximal Q due to an increase in SV in older
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men I24,132,133,135 but not women,J32-134 suggesting that sex hor
mones may play an important role in the adaptive response.
Although end-diastolic volume may increase with age in
healthy people, end-systolic volume apparently also in
creases and ejection fraction is reduced.40 ,119 The decline
with aging in ejection fraction at peak exercise has been at
tributed to an increase in aortic stiffness47,66 and/or periph
eral vascular resistance,JO,54 both of which may be related to
altered autonomic modulation.

Arteriovenous Oxygen Content Difference
The extraction of O2 across a working muscle is expressed as
the difference in the arterial and venous O2 content mea
sured in mL of Oz per 100 mL of blood. At rest, O 2 content
in arterial and venous blood is approximately 20 and 15
mL/lOO mL, and the a-VOz difference is 5 mL/lOO mL. Dur
ing maximal exercise, the a-V0 2 difference increases to 16 to
17 mLllOO mL in both young and master athietes. 51 ,95,11O
Therefore age, per se, does not seem to alter the ability of
skeletal muscle to extract O 2 , However, in sedentary people
there is a decline in a-VOz difference with advancing
age. 30,54,95
The decrease in O2 extraction that has been reported to
occur with aging does not appear to be due to a reduction in
O 2 carrying capacity of arterial blood30,63 or to a decline in
the metabolic potential of skeletal muscle,4,26,48 There is,
however, a decreased capillary/fiber ratio in aged musclel 6,99
as well as a reduction in maximal peripheral blood flow 7
that could contribute to the decrease in a-V0 2 difference in
sedentary older people.

BENEFITS OF ENDURANCE EXERCISE
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as young people, i.e., 15% to 25%. While no significant gen
der differences in the increases in Vo2max in response to
training have been reported, a tendency toward less im
provement in women was noted by Blumenthal and col
leagues 16 (9% in women versus 14% in men) and by Seals
and co-workers l22 (19% in women versus 27% in men). It is
not known whether the exercise training prescriptions were
similar for men and women in these studies. However, a re
port by Kohrt and colleagues indicated that the increases in
Vo2max in older men (26%) and women (23%) were not
significantly different when the exercise stimulus was of
similar frequency (4 days per week), duration (45 minutes
per day), and relative intensity (80% HRmax).16 In that
study, the individual improvements in Vozmax for the 53
men and 57 women who completed the exercise program
varied markedly, ranging from 0% to 54%. Earlier studies
suggested that the degree to which Vo2max could be im
proved was dependent on the intensity of the exercise, i.e.,
higher intensity of exercise resulted in larger improve
ments,s3.IZZ,137 and on the initial level of fitness, i.e., patients
with lower fitness showed larger improvements.28,118,137
However, Kohrt and co-workers have found that the magni
tude of improvement in Vo 2max with training was not re
lated to any specific component of the exercise prescrip
tion-Le., frequency, duration, or intensity-nor was it
related to the initial fitness level of the participant. 76 Thus, it
seems likely that most older men and women, whether they
lead very sedentary or fairly active lives, can improve car
diovascular fitness through regular endurance exercise
training. The level of cardiovascular function that the aver
age 65-year-old man or woman can attain through vigorous
exercise is equivalent to that of someone 15 to 20 years
younger. 76

Cardiovascular Fitness

Metabolic Fitness

Early studies of the effect of endurance exercise training on
aerobic power in the elderly led to equivocal results. On one
hand there was a report lO that older men and women in
creased Vozmax by 38% with training, a large increase in
comparison with the 15% to 25% improvement that typi
cally occurs in young people.6.25 On the other hand, there
were studies l ,II,35 showing little or no increase in Vo 2max in
older people in response to training. More recent studies in
dicate that the relative increase in aerobic power with train
ing is not age dependent, at least through the eighth
decade. 52,76,80,123.133 The lack of a marked training response in
the aforementioned studies may have been the result of an
insufficient training stimulus, i.e., training duration, inten
sity, or both. Conversely, the 38% improvement in Vozmax
reported by Barry and colleagues was probably an overesti
mation of the adaptability of older people, since maximal
heart rate, respiratory exchange ratio, and blood lactate con
centration were all markedly higher after training than be
fore, indicating that a true Vo2max had not been attained in
the initial assessments. IO
It is now accepted that older people can increase Vozmax
with endurance exercise training to the same relative degree

In addition to improvements in cardiovascular function, en
durance exercise training can provide a number of other
health benefits for older men and women. It has been esti
mated that people who are sedentary are twice as likely to
develop coronary artery disease (CAD) as people who exer
cise regularly.84.9o.96 Part of this protective nature of exercise
is due to its effects on coronary risk factors. Risk factors for
CAD that can be improved through exercise include hyperc
holesterolemia,14,123,138 hypertension,53 hyperinsulinemia,56,62
glucose intolerance,62,1l2,m and obesity.78,120 Exercise is also
one of the few interventions that can successfully increase
plasma high-density lipoprotein (HDL) cholesterol, which is
negatively correlated with CAD. m .Bs
Aging is often associated with a decline in glucose toler
ance that may progress to non-insulin-dependent diabetes
mellitus, or type 2 diabetes. This deterioration is not due to
insulin deficiency, as in insulin-dependent diabetes mellitus,
but rather to the resistance of peripheral tissues (primarily
skeletal muscle) to the actions of insulin. 32•106 Thus, as in
sulin resistance develops, there is typically an excess of
insulin secreted to try to maintain glucose homeostasis. In
sulin resistance and hyperinsulinemia are very common
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in older people, particularly in those who accumulate fat in
the abdominal region, i.e., apple-shaped, as opposed to the
gluteal-femoral region, i.e., pear-shaped. There is evidence
that hyperinsulinemia is associated with the development of
not only type 2 diabetes but also hypertension45.106 and
CAD.s,!OO Exercise can be very effective in reducing hyperin
sulinemia. Even a single bout of exercise can make skeletal
muscle more sensitive to the glucoregulatoryactions of in
sulin, thereby reducing insulin requirements,1Q,71.89,1ll.1l3
Thus, through its effects on insulin action, regular exercise
can playa major role in both the treatment and prevention
of type 2 diabetes, CAD, and hypertension.

Body Composition
Many of the beneficial effects of exercise are only short lived.
For example, the increased sensitivity of muscle to the action
of insulin persists for only 48 to 72 hours after a bout of ex
ercise.6o,7! Longer-lasting benefits of exercise are probably
mediated primarily through the reduction in body fat levels,
particularly in the abdominal region. Although obesity is a
potent risk factor for the development of CAD, type 2 dia
betes, and hypertension, it has become apparent that it is ab
dominal obesity that is particularly detrimental. 15.33,75 The
accumulation of intraabdominal fat appears to begin in
young- to middle-aged men and progresses with advancing
age. The majority of women, on the other hand, appear to be
protected against this until menopause, at which time they,
too, accumulate visceral fat. 18,33,41.126 Furthermore, although
premenopausal women are at far lower risk for developing
CAD than age-matched men, the risk profile of post
menopausal women who are not receiving sex hormone re
placement therapy becomes more like that of their male
counterparts, and the incidence of CAD increases dramati
cally.9,21.23 It is currently not known to what extent the accu
mulation of intraabdominal fat mediates the increased risk
for CAD in postmenopausal women.
There is evidence that endurance exercise training results
in a preferential loss of fat from the central,78 and possibly
the visceral,54,12o regions of the body. There is also evidence
that a reduction in intraabdominal fat is predictive of im
provements in plasma insulin and cholesterol concentra
tions. 54 Habitual exercise training seems to prevent much of
the accumulation of abdominal fat that typically occurs with
advancing age. Master athletes are much leaner than age
matched nonathletes, with the greatest differences in fat de
position being in central regions of the body.54.17.103.121
It is important to recognize that endurance exercise train
ing does not usually bring about increases in lean body mass,
even when sedentary older people engage in vigorous aero
bic exercise. 76 Small increases in lean mass may occur when
the endurance training program incorporates exercises that
have modest resistance components, such as stair climbing
or rowing. 20 Thus, if one of the goals of an exercise program
is to increase muscle mass and strength, the program should
include progressive resistance exercise training, i.e., weight
lifting.

Bone Health
Another potential benefit of exercise training of particular
importance for older women is the reduction in risk for os
teoporosis. The effect of physical inactivity on bone is pro
found. When loading forces on the skeleton are markedly re
duced, such as during bedrest!3 or space flight,27 there is a
rapid loss of bone mineral. The finding that exercise per
formed during space flight does not fully prevent the loss of
calcium has been taken as evidence that exercise must be
weight bearing in nature to have beneficial effects on the
skeleton. However, it is unlikely that relatively short
duration exercise sessions in space could fully compensate
for the drastic reduction in gravitational and load-bearing
forces that is inevitable in a microgravity environment.
Although it is widely accepted that exercise is an impor
tant factor in maintaining skeletal integrity, the type of exer
cise that will optimize bone mass remains poorly defined.
Studies using animal models have yielded important infor
mation regarding adaptive responses of the skeleton to me
chanicalloading forces. Using an avian model, Lanyon and
colleagues demonstrated that the osteogenic response is
maximized by just a few loading cycles when the loading
forces are of high magnitude, applied at a fast rate, and rep
resent a unique stimulus to the bone.94.1I4-1I6 It is likely that
the magnitude of the peak loading forces acting on specific
regions of the skeleton is the major determinant of whether
that region will undergo remodeling in response to an exer
cise program. Telemetry data from patients fitted with in
strumented hip prostheses indicate that peak joint forces are
2.8 to 4.8 times body weight during walking at slow to mod
erate speeds (0.5 to 3 mph). Fast walking, jogging, and going
up and down stairs all generate higher peak hip joint forces,
with the upper limit being approximately 6 times body
weight. 12•13,31,82 Although telemetry data are not available
from patients performing resistance types of exercises, it has
been estimated that compressive forces at the knee during a
squat exercise can be as high as 6 times body weight. 55 Thus,
it appears that both endurance, e.g., jogging, stair climbing,
and resistance, e.g., weight lifting, types of exercises can
introduce forces to the skeleton that are of relatively high
magnitude.
Several studies have now shown that bone mass can be in
creased, even in older postmenopausal women, in response
to exercise training. Increases of 1% to 5% in total body,
lumbar spine, and proximal femur bone mineral density
(BMD) have been reported in older women and
men. 69,74,79.85,88,9!,!05 While this magnitude of increase may
seem small, it must be considered in the context that the
usual rate of bone mineral loss is -0.5% to 1% per year.
Endurance-exercise, e.g., walking, jogging, stair stepping,
and resistance-exercise, e.g., weight lifting, training pro
grams have been shown to induce similar increases in BMD
of the total body and lumbar spine.74.128 Weight-bearing
endurance exercise training, but not resistance training,69.74.85
has also been shown to be effective in increasing bone min
eral content of the neck region of the proximal femur, which
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is a clinically important site because of the morbidity and
mortality associated with hip fractures. While this finding
might suggest that weight-bearing exercise is more effective
in preventing osteoporotic fractures, some adaptations that
are specific to resistance training, namely the increase in
muscle mass and strength, may be important not only in
preventing osteoporotic fractures by reducing the risk for
falls,91 but also in preventing the muscle atrophy that con
tributes to the decline in functional independence and over
all health with advancing ageY
It should be noted that not all studies have found bene
ficial effects of exercise on bone mass. In fact, some have
shown that the rate of bone mineral loss is the same, or even
greater, in exercisers as compared with nonexercisers. 24•109 In
general, studies that have demonstrated favorable effects of
exercise on bone have used exercises that exert loading
forces on the skeleton that are of relatively high magnitude.
The importance of the magnitude of the loading forces was
demonstrated in humans by Kerr and colleagues, who
found that bone mass increased in older women in response
to high intensity, but not moderate intensity, resistance
training. 69 Importantly, even though moderate intensity ex
ercise may not induce increases in bone mass, it does appear
that a physically active life-style, in combination with ap
propriate nutrition, may help to at least slow the rate of
bone 10SS.I3I,I36
Estrogen deficiency in postmenopausal women causes
an acceleration in the rate of bone mineral loss. Cur
rently, there is no evidence that even vigorous exercise can
prevent the menopause-related decline in bone mass in
women. Indeed, the importance of the role of female sex
hormones in protecting the skeleton is apparent even in
young women. Amenorrheic female athletes typically
have lower bone mineral density than their eumenorrheic
counterparts, even at skeletal sites subjected to high
impact loading during exercise. 129,130 In postmenopausal
women, it has been demonstrated that there are indepen
dent and additive effects of estrogen and exercise on bone
mineral density at some clinically relevant skeletal
sites. 73 ,79,93 Importantly, estrogen also appears to preserve
exercise-induced increases in bone mass when exercise is
reduced or discontinued. 29,73

ENDURANCE EXERCISE FOR OLDER
ADULTS
Exercise prescription for older adults is challenging because
often there are factors that may limit activity or narrow the
range of possibilities for exercise. Factors to consider include,
but are not limited to, heart disease, medications that alter
heart rate or blood pressure responses to exercise, severe os
teoarthritis, lung disease, osteoporosis, postural deformity,
diabetes, obesity, painful or insensitive feet, claudication, and
incontinence. Taking all these factors into consideration and
designing a program that is adequately vigorous yet enjoy
able, or at least tolerable, can be very challenging.
By definition, endurance exercise will stress the cardio
vascular system, resulting in an increase in HR and blood
pressure (BP). Selecting the activities appropriate for an in
dividual is based in large measure on initial fitness level and
orthopedic limitations. For those who are unfit, with low
Vo2max values, e.g., less than 18 mL/min/kg, even slow
walking may raise HR to near maximal levels. Men and
women with higher Vo2max values, without musculo
skeletal or other impairments, may be able to walk briskly,
bicycle, or even jog.
For developing and maintaining cardiovascular fitness,
the American College of Sports Medicine (ACSM) recom
mends that healthy adults exercise 3 to 5 days/week, for 20 to
60 minutes/day, at an intensity of 50% to 85% ofVo2 max
(Table 15_P04).2 If HR is used to monitor exercise intensity,
the corresponding levels would be either 50% to 85% of HR
reserve or 60% to 90% of maximal HR. Because the estima
tion of maximal HR may not closely approximate an indi
vidual's true maximal HR, the Borg scale (Table
15_217) should be used as an adjunct to determine the ap
propriateness of the exercise intensity.92 This instrument is a
simple way of having someone provide a rating of perceived
exertion (RPE) during exercise. Exercise that requires 50% to
85% ofVozmax is typically associated with a score of 12 to
16 on the RPE scale.
For all components of the exercise prescription, a range of
values is provided to accommodate people of varying fitness
levels. Thus, someone who is deconditioned should start
with the low end of the recommended ranges for frequency,
duration, and intensity of exercise. To reduce the likelihood

TABLE 15-1

RELATIONSHIPS AMONG METHODS OF QUANTIFYING EXERCISE
INTENSITY DURING ENDURANCE EXERCISE
RELATIVE INTENSITY

(%)

HRMAX

VO,MAX

HRREsERVE

<35%
35%-59%
60%-79%
800;6-89%
>89%

<30%
30%-49%
50%-74%
75%-84%
>84%

<30%
30%-49%
50%-74%
750/0-84%
>84%

RATING OF PERCEIVED ExERTION

<lO
lO-l1
12-13
14-16
>16

CLASSIFICATION OF INTENSITY

Very light
Light
Somewhat hard
Hard
Very hard

Adapted from PoUock ill, Wllmore JH: Exercise in Health and Disease: Eval!U1tWn and Prescription frr Prevention and Rehabilitation, 2nd ed. Philadelphia, WB Saunders, 1990.
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TABLE 15-2

ORIGINAL

REVISED

ScALE

SCALE

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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ORIGINAL AND REVISED SCALES FOR RATINGS
OF PERCEIVED EXERTION (RPE)
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!
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Very, very light

0
0.5
1

Very light
Fairly light
Somewhat hard
Hard
Very hard

2
3
4
5
6
7
8
9
10
>10

Nothing at all
Very, very weak
Very weak
Weak
Moderate
Somewhat strong
Strong
Very strong
Very, very strong
Maximal

Very, very hard

From Borg GAV: Psychophysical bases of perceived eJrertion. Med Sci Sports 1982;
14:377·381.

of injury or orthopedic discomfort, it is recommended that
increases in exercise volume be made initially by increasing
frequency and/or duration. 58 When predetermined goals for
frequency and duration, e.g., 45 min/day, 5 days/week, are
reached, intensity of exercise can be gradually increased. Per
haps the greatest difference in prescribing exercise for older
people, as compared with young people, is that it takes
longer for adaptations to occur. Whereas a 20-year-old may
increase Vo2max by 25% after 12 weeks of endurance exer
cise training, a 60-year-old may require 36 weeks of training
to achieve a 25% gain.
The ACSM guidelines for prescribing exercise intensity
are not age-specific. However, it has been shown that using
the HR reserve method to prescribe exercise intensity in 60
to 75-year-old women and men will result in the exercise be
ing performed at a higher-than-expected percentage of
V02max.SI.98 It is therefore recommended that target HR dur
ing exercise be prescribed as a percentage of maximal HR
and that RPE values be used to verify the appropriateness of
the exercise intensity.81
The mode of exercise that is appropriate for an endurance
exercise training program is any activity that uses large mus
cle groups, can be maintained continuously, and is rhythmi
cal and aerobic in nature. Such activities include walking, bi
cycling, hiking, dancing, running, rowing, stair climbing,
cross-country skiing, swimming, and skating. For older
adults in particular, an activity program with multiple forms
of endurance exercise is less likely to cause muscle and joint
overuse and fatigue than a program that features only one
activity, particularly when exercise is being performed 5 or
more times per week (M. Brown and colleagues, unpub
lished observations). Also, warm-up and cool-down periods
seem to be important to keep muscle strain to a minimum
and to maintain flexibility. One exercise session of 60 min
utes duration may include a warm-up, brisk walking, riding

a stationary cycle ergometer, and rowing at an appropriate
HR and RPE for each activity, and a cool-down.
Alternating days of reduced or less-intense activity with
days of rigorous activity may also decrease the risk of injury
and allow an adequate recovery.IOI For example, a 45-minute
run may be performed Monday, Wednesday, and Friday,
with swimming or walking performed on Tuesday and
Thursday. All exercisers, regardless of age, need adequate rest
cycles, which should be incorporated into a fitness program.
In general, the older the individual, the longer the period of
recovery from an intense exercise bout.
Walking is a popular form of exercise for women and
men of all ages, particularly older adults. If this form of ac
tivity is prescribed, attention to proper footwear is impor
tant. Name-brand walking shoes may provide adequate
comfort for most people, but if feet are unusually wide, if
foot deformities are present, or if the plantar fat pad is di
minished in thickness, a running shoe may be more com
fortable. There is more impact absorption built into a run
ning shoe than a walking shoe. For the runner, a proper
running shoe is imperative. A physical therapy evaluation of
the foot can help determine whether the individual should
look for specific features in a shoe, such as a straight, semi
curved, or curved last, or rigid hindfoot control.
An examination and evaluation by a physical therapist are
also highly recommended to identify postural abnormalities
or orthopedic conditions that might predispose a person to
ward injury or pain. For example, if a long history of knee
arthritis is present and there is obvious joint impairment, a
program of swimming or other form of activity that mini
mizes stress on the knees should be suggested. Components
of the examination and evaluation are covered elsewhere in
this text. Many of these evaluation tools should be used for
determining the mode of activity and the duration and fre
quency of exercise that are appropriate for the individual.
Another consideration in prescribing exercise for older
adults, particularly women, is that they may experience uri
nary stress incontinence during spme forms of exercise. If
stress incontinence is present, appropriate strengthening ex
ercises may help. Prescribing endurance exercise that does
not exacerbate the problem will likely enhance adherence to
the exercise program. Generally, non-weight-bearing exer
cise such as bicycling, rowing, and swimming will be more
successful than loading activities, e.g., jogging, aerobics, that
may cause fear of an accident.
Heart disease is not a contraindication to exercise in most
instances, as exercise is a treatment for ischemic heart disease.
Stress testing will reveal the presence of heart disease and
provide guidelines on the degree to which the cardiovascular
system can be stressed. Physician input is imperative, provid
ing information on target HR or BP responses that are safe
yet adequately challenging. Patients with heart disease must
be fully informed of the danger signs-e.g., shortness of
breath, profuse sweating, lightheadedness-and be able to
monitor their HR. If the exercise program is of high intensity
or the patient is considered high risk, it may be recom
mended that a physician be present or nearby and on call.
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Unless a physician feels endurance training is unsafe, patients
with heart disease generally can exercise rigorously, and they
often improve cardiovascular fitness significantiy.38.39
Age, per se, is not a contraindication to endurance exer
cise. Advancing age will limit the choices for endurance
training, given the decline in Vo2 max that occurs with each
successive decade. A wide range of possibilities, e.g., jogging,
dancing, cycling, cross-country skiing, and hiking, exist for
the healthy "young-old" adult. Musculoskeletal complaints
become more commonplace with advancing age, and fewer
individuals are capable of activities as rigorous as jogging.
Age, however, is but one factor that determines the choice of
endurance exercise.
To summarize, selection of an exercise program to en
hance aerobic capacity is based primarily on level of fitness as
determined by a treadmill or other test to determine Vo 2 max.
Other factors such as strength, flexibility, postural deviations,
painful joints, and stress incontinence, as revealed by evalua
tion, also must be considered in the design of an exercise pro
gram. Finally, the patient's'desire for a particular form of ac
tivity needs to be considered carefully and seriously. It should
be borne in mind that women and men aged 90 years or older
have scaled some of the major mountains in the world and
completed marathons, and that desire can result in remark
able achievements at any age. The program chosen should be
challenging yet prudent, reasonable, and, above all, safe.

ENDURANCE EXERCISE FOR THE VERY
OLD
It is commonly believed that, in the absence of disease, the
physical frailty of very old age is due in large measure to the
loss of muscle mass and strength, a condition that has been

referred to as sarcopenia. 42 Perhaps it is for this reason that
studies of the physiological adaptations to exercise in the
very old have focused on resistance exercise. 43,44 Low aerobic
power is not typically thought of as a determinant of frailty.
Yet maximal attainable V0 2 values for women in their 80s
average approximately 14 mLimin/kg.65 For these women,
walking fast enough to cross a street before the traffic light
turns red-i.e., 3 mph or, 80 m/min-is extremely demand
ing, requiring about 85% of their maximal aerobic capacity.
In elderly women and men, objective measures of functional
capacitr9,107 are inversely related to maximal attainable
Vo 2, suggesting that low-aerobic power is either a cause or a
consequence of physical frailty (W. Kohrt and colleagues,
unpublished observations). In either case, exercise programs
for the very old should incorporate both endurance and re
sistance components, as both are likely to have beneficial ef
fects on the performance of instrumental and advanced ac
tivities of daily living.

SAFETY CONSIDERATIONS
Before exercise can be prescribed for an older adult, it must
be determined that the person can exercise safely. Although
endurance exercise training is a form of treatment for isch
emic heart disease and hypertension, prescribing exercise
without prior knowledge of the presence or extent of a dis
ease can result in tragic outcomes. The American College of
Sports Medicine provides recommendations for determining
when a diagnostic medical examination and exercise test
should be performed before an exercise program is begun
and when a physician should be present for the exercise test
(Table 15-3).3The need for a stress test is based on the gender
and age of the patient, whether he/she will be performing

TABLE 15-3

AMERICAN COLLEGE OF SPORTS MEDICINE'S EXERCISE TESTING AND PRESCRIPTION GUIDELINES
Medical Examination and Clinical Exercise Test Recommended Before:
APPARENTLY HEALTHY

Moderate exercised
Vigorous exercisef

INCREASED RISK'

No SYMPTOMS

SYMPTOMS

No

No

Yes 8

Yes

Yes
Yes

YOUNGER'

OLDER

No'
No

KNOWN DISEASE'

Yes
Yes

Physician Supervision Recommended During Exercise Test:
ApPARENTLY HEALTHY
. YOUNGER'

Submaximal testing
Maximal testing

No'
No

INCREASED RIsK"

No SYMPTOMS

SYMPTOMS

No

No

Yesg

Yes

Yes
Yes

OLDER

Yes
Yes

, Persons with two or more risk factors or one or more signs or symptoms.
b Persons with known cardiac, pulmonary, or metabolic disease.
'Younger implies ,,;40 years for men, ";50 years for women. .
d Moderate exercise as defined by an intensity of 40% to 60%Vo,max; if intensity is uncertain, moderate exercise intensity may alternately be defined as an intensity well within the
individual's current capacity, one which can be comfortably sustained for a prolonged period of time, i.e., 60 minutes, which has a gradual initiation and progression, and is generally
noncompetitive.
e A UNo)' response means that an item is deemed «not necessary.»
The "No" response does not mean that the item should not be done.
r Vigorous exercise is defined by an exercise intensity >60% VO,!11llX; if intensity is uncertain, vigorous exercise may alternately be defined as exercise intense enough to represent a
substantial cardiorespiratory challenge or if it results in fatigue within 20 minutes.
'A "Yes" response means that an item is recommended. For physician supervision, this suggests that a physician is in dose proximity and readily available should there be an emergent
need.
From American College of Sports Medicine: Guideline, for mrcise Testing and Prescriptwff, ed 5. Baltimore, Williams & Wilkins, 1995.
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TABLE 15-4

RISK FACTORS FOR CORONARY ARTERY DISEASE
PoSITIVE RISK FACTORS

CRITERIA

Age
Family history

Men >45 yr; women >55 yr or premature menopause without estrogen replacement therapy
Myocardial infarction or sudden death before 55 yr of age in father or other male first-degree relative or
before 65 yr of age in mother or other first-degree female relative

Current cigarette smoking
Hypertension
Hypercholesterolemia
Diabetes mellitus

Physical inactivity

Blood pressure 2:140/90 mm Hg, confirmed by measurements on at least 2 separate occasions; or person is
taking anti-hypertensive medication
Total serum cholesterol >200 mgldL (5.2 mmollL) or HDL cholesterol
Persons with insulin-dependent diabetes mellitus (lDDM) who are >30 yr of age or have had IDDM for
> 15 yr; persons with non-insulin-dependent diabetes mellitus who are >35 yr of age should be
classified as patients with disease
Persons comprising the least active 25% of the population, as defined by the combination of sedentary
jobs involving sitting for a large part of the day and no regular exercise or active recreational pursuits

NEGATIVE RISK FACTOR

CRITERIA

High serum HDL cholesterol

>60 mgldL (1.6 mmollL)

It is common to sum risk factors in making clinical judgements. If HDL is high, subtract one risk factor from the sum of positive risk filctors, since high HDL decreases CAD
risk.
From American College of Sports Medicine: GuUklines for Exercise Testing and Prescription, ed 5. Baltimore, Williams & Wilkins, 1995.
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moderate or vigorous exercise, and the risk for or presence of
heart disease. The purposes of a stress exercise test are to (I)
evaluate risk level, (2) obtain HR and BP (and Vo2 , if avail
able) data for prescribing exercise, and (3) provide baseline
and follow-up data that facilitate evaluation of progress.
If moderate intensity exercise, defined as 40% to 60% of
Vo 2max, is to be performed, it is not necessary for women
and men to undergo a stress exercise test unless they have
been diagnosed with cardiac, pulmonary, or metabolic dis
ease or unless they have signs or symptoms of disease (Table
15-4). If vigorous exercise, defined as greater than 60% of
Vo2max, is to be performed, stress tests should be conducted
before an exercise program is initiated in apparently healthy
women older than 50 years and men older than 40 years and
in women and men of any age who have two or more risk
factors (Box 15-1) or signs or symptoms of disease. A physi
cian should be present during a stress exercise test whenever
the patient has known disease or signs or symptoms of dis
ease and when maximal tests to exhaustion are performed in
people with two or more risk factors and in apparently
healthy older women (older than 50 years) and men (older
than 40 years) (see Table 15-3). In all cases, the personnel ad
ministering an exercise test must be fully aware of absolute
and relative contraindications to exercise testing and the ab
solute and relative indications for stopping an exercise test. 3
Whether an exercise test should be maximal or submaxi
mal depends on factors such as the reason for the test, the
health status of the patient, and the availability of equipment
and trained personnel. Maximal tests with the assessment of
Vo2max are typically performed only in certain research or
clinical settings. For patients who do not require a stress test
with monitoring of the electrocardiogram for diagnostic pur
poses, a submaximal test with assessment of HR and BP can
provide very useful information for prescribing exercise in
tensity. Such a test typically consists of three submaximal ex

1. Pain, discomfort (or other anginal equivalent) in the chest,

2.
3.
4.
5.
6.
7.
8.
9.

neck, jaws, or other areas that may be ischemic in nature
Shortness of breath at rest or with mild exertion
Dizziness or syncope
Orthopnea or paroxysmal nocturnal dyspnea
Ankle edema
Palpitations or tachycardia
Intermittent claudication
Known heart murmur
Unusual fatigue or shortness of breath with usual activities

From American College of Sports Medicine: Guidelines for Exercise Testing and
Prescription, ed 5. Baltimore, Williams & WIlkins, 1995.

ercise stages of progressively increasing intensity, e.g., walking
at 2, 3, and 4 mph or cycling at 50, 75, and 100 W, with each
stage lasting at least 3 min in duration, and with HR and BP
assessed at the end of each stage. As shown in Fig. 15-1, the
HR data are plotted against exercise intensity, or estimated
Vo2 ; the line can be extrapolated out to the age-predicted
maximal HR to derive an estimate of Vo2max. Equations ~e
available to predict the energy cost, i.e., Vo2 , during sub
maximal walking, running, cycling, and stepping. 3
Although the treadmill is the modality of choice for exer
cise stress tests, some older adults may not be able to walk on
a treadmill because they are limited by musculoskeletal im
pairments, balance problems, fear, incoordination, light
headedness, or pain. An alternative modality for testing for
these individuals is the cycle ergometer, which has the ad
vantages of being weight supporting while allowing the sub
ject to hold on to the handlebars. There is also a greater sense
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FIG. 15-1 The relationship between heart rate and exercise inten
sity measured during submaximal exercise bouts. Exercise intensity
can be expressed in units specific to the activity (e.g., walking speed
or cycling r~istance) or as an estimate of the energy cost of the ex
ercise (i.e.,Vo2 ).

of safety knowing that the test can be terminated by the par
ticipant, rather than the examiner. Cycle ergometer testing is
not indicated if a person has quadriceps weakness or suffers
from leg pain, particularly with exertion.
If exercise equipment is not available, an alternative
method of evaluating fitness is the One-Mile Walk Test. 72
The patient walks continuously at a self-chosen brisk pace
that is perceived as appropriate for the distance required. For
the final quarter of a mile, the time required to cover this dis
tance and the heart rate at the end are recorded. Vo 2max is
estimated using the following equation:
Vo2max = 6.9652 + (0.0091 x wt) - (0.0257 x age) +
(0.5955 X gender) - (0.2240 X Tl) (0.0115 X HRr

Advantages of this form of testing include lack of need for
equipment, performing an activity most people can do, and
ease of administration. Disadvantages are that not many
old-old adults can walk that far, people with dizziness or im
paired balance may be at risk for falling, and fatigue may
overcome the participant before the end of the test.
The 6-minute walk test22,50 is another inexpensive and
easy-to-perform evaluative procedure, originally developed
for patients with pulmonary disease, that can be done with
just a stopwatch and a walkway of reasonable length. A rest
ing HR is obtained before administration of the test. The
stopwatch is started as the patient begins to walk at the
tastest self-selected pace that can be maintained for 6 min
utes. If a patient needs to slow down or rest during the 6
minute test, he/she is permitted to do so, as this will be re
flected in less distance being covered HR is measured again
intmediately after the test, the distance walked is recorded,
*wt = body weight in pounds; age is measured in years; gender = 0 for
women, 1 for men; Tl
the time in minutes to complete the final 0.25
miles; HR = the heart rate measured at the end of the test.

253

and patients are asked to rate their level of perceived exertion
(see Table 15-2). The 6-minute walk test is a simple way to
assess functional capacity and changes in functional capacity
in response to therapy, but it does not provide quantitative
information about aerobic power.
The chair step test 127 was developed to accommodate the
older, frail adult who has limited muscle strength and very
low Vo 2max (less than 10 mLlkg/min) and may be unsafe on
a treadmill. A chair, metronome, stopwatch, and adjustable
bar are all that are required for the test. Subjects are posi
tioned comfortably in a chair and, to the beat of a
metronome, are asked to place a foot on the bar, which is po
sitioned 6 inches above the ground. Alternate stepping at a
rate of one step/second is performed for 3 minutes, at which
time the bar is raised to 12 inches and the test is repeated for
another 3 minutes. The third stage is alternate "stepping" to
a bar raised to 18 inches. The fourth stage is a repeat of the
third stage, except the arms are raised overhead each time a
foot is raised to the bar. HR is recorded at the end of each ex
ercise stage.
Safety of the participant must be the first and foremost
concern in conducting an exercise test and in prescribing ex
ercise for the older adult. If appropriate precautions are
taken, even very old women and men can engage in en
durance exercise training that can lead to improvements in
health status, functional capacity, and quality of life.

EXERCISE AND INJURY
When older women and men who have been relatively
sedentary for many years start a low-intensity exercise pro
gram, as many as 20% may develop some form of orthope
dic discomfort.19 Conservative measures-cessation of the
activity for a day or two, icing, elastic wrapping, modifica
tion of the activity, nonsteroidal anti-inflammatory drugs
are usually successful in alleviating the discomfort. High
intensity training, on the other hand, is likely to induce a
painful episode in the majority of participants, perhaps as
many as 75%.19 The majority of painful episodes involve
nonspecific joint pain, probably of osteoarthritic origin, typ
icallyat the knee or foot-ankle complex. Again, conservative
measures can be used to successfully manage the majority of
the problems. Some form of musculoskeletal discomfort
should be expected when older adults initiate endurance
training. Informing patients of the likelihood that they may
experience such discomforts may help to alleviate, their con
cern and promote adherence to exercise. Additionally, if
physical therapy intervention is provided immediately, fears
are allayed and small, painful episodes do not progress to se
rious injuries. Thus, older adults should understand that en
durance training will probably result in some form of mus
culoskeletal discomfort and that it should not be ignored
when it occurs.
Should the high incidence of musculoskeletal discomfort
in older adults be a contraindication to endurance exercise
training? Absolutely not, since the numerous potential ben
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efits to health and functional capacity far outweigh the risks
associated with the incidental and usually transient prob
lems associated with increased activity. Exercise should be
part of the daily routine for all adults, regardless of age.
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The following three case studies detail the exercise regimens
of individuals from the seventh, eighth, and ninth decades of
life. This large age span was chosen to highlight some of the
considerations and activities that tend to change with ad
vancing age. Probably the most important consideration is
the decline in Vo2 max normally seen with advancing age,
i.e., activities that have a modest impact on the cardiovascu
lar system at 70 years of age may represent a significant car
diovascular challenge at the age of 90 years. For example,
given the decline in Vo 2max that occurs with aging, the rate
of energy expenditure during walking 3 mph on a level sur
face would be approximately 45% of Vo 2 max for a 6O-year
old woman but 85% of Vo2max for an 80-year-old woman.
Instrumental and advanced activities of daily living may be
a sufficient aerobic stimulus for very deconditioned elderly
people, particularly women.
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Celeste C (age, 63 years)
This young older woman had a history of not engaging in
regular exercise but had been physically active as a result of
rearing 12 children. Motivation to exercise consisted of
"knowing that she should" and fear of becoming like her
83-year-old mother who was now in a nursing home. After
physician clearance for aerobic exercise, Celeste came in for
a physical therapy evaluation, which consisted of assess
ments of lower-extremity strength, range of motion, pos
ture, balance, and Vo 2max. Testing revealed the following:
adequate strength and range with the exception of hip
flexor tightness (10 degrees bilaterally), ankle dorsiflexion
range (0 degrees left, 5 degrees right), minimal balance
trouble, and no functional ADL or IADL compromise.
Problems identified that needed to be considered in exercise
design were the presence of stress incontinence and signifi
cant genu varum. Vo2max was 22 mL/min/kg, and maximal
HR was 156 bpm.
Celeste expressed interest in a walking program but ad
mitted that her knees hurt when she walked for extended pe
riods. A walking program was developed with the caveat that
if her knees became painful with exercise, an alternate exer
cise method would be necessary. Initially, exercise was pre
scribed at a HR of 101 to 117 bpm-i.e., 65% to 75% of
maximal HR-with the intent of Celeste progressing gradu
ally to performing exercise at a HR of 125 to 133 bpm-i.e.,
80% to 85% of maximal HR. Celeste began a walking exer
cise program that initially consisted of a 30-minute walk at a
speed that brought her HR into the desired range. Her
neighborhood was hilly and it was not difficult for her to

reach this HR goal, even at a preferred walking pace. Celeste
found, however, that after 0.5 miles, her knees were aching
and that the ache would persist for several hours after cessa
tion of exercise. After 1 month of walking, knee pain had not
improved and an alternative strategy for exercise was dis
cussed. Exercise equipment in the home consisted of a tread
mill and exercise cycle. Celeste initially tried the exercise cy
cle and found this mode of activity boring after 10 minutes,
but a reasonable HR response was possible. Treadmill walk
ing at 3 mph was well-tolerated, but an adequate HR re
sponse was possible only if the incline was increased to 5%.
Again, Celeste found the treadmill uninspiring but was able
to perform -45 total minutes of activity if warm-up exer
cises were performed initially and the aerobic portion of ac
tivity alternated between cycling and treadmill walking. Self
discipline was enhanced when the stationary cycle was set up
to permit reading while cycling and a television was placed
in front of the treadmill.
Once a training effect began to take place, it was necessary
to raise the treadmill grade. The steeper incline resulted in a
shorter stride length, which markedly reduced exercise
related knee pain. These forms of activity also reduced the
potential for exercise-induced incontinence, which further
enhanced compliance, and weather was no longer a consid
eration. The final program consisted of warm-up stretching
exercises, 10 minutes of cycling at 400 kgmlmin, 10 minutes
of treadmill walking up a 10-degree incline, another 10 min
utes each of cycling and walking, and a series of cool-down
stretches. On alternate days, the aerobic component of the
exercise program consisted of 10 minutes of walking, 10
minutes of cycling, and 10 minutes of walking.

Mabel E (age, 71 years)
This retired bookkeeper was interested in joining some of
her friends who gathered three mornings a week at a local
indoor shopping center to walk. The social nature of the ac
tivity was probably the most powerful motivator, as break
fast usually followed the mall walking. An additional mo
tivation for exercise, in conjunction with the social
stimulation, was that Mabel's spouse had died and she was
living alone. Mabel had noticed that she became breathless
rather quickly and thought that walking might improve her
"wind" and ability to accomplish her chores. She was cleared
for exercise by her physician, and physical therapy examina
tion did not reveal any musculoskeletal abnormalities or
other physical problems that were a source of concern.
A graded treadmill exercise test revealed that Mabel had
an estimated Vo 2max of 17 mLiminlkg, a value somewhat
lower than expected for her age (about 20 mLiminlkg), sug
gesting that she was quite deconditioned. Her training HR
range was determined to be between 92 and 124 bpm, and a
mall walking program was designed to elicit a HR that was
within this range. During week 1, for example, Mabel was in
structed to walk at a "normal:' or preferred, gait speed from
one department store to another particular store (0.25 mile),
at a faster speed from that store to another department store

Chapter 15

ENDURANCE TRAINING OF THE OLDER ADULT

(slightly less than 0.25 mile), and at an even faster speed for
the remaining 0.25 mile. HR checks were performed at spec
ified locations along the way. An exercise sheet was provided
for Mabel to record her HR responses and subjective per
ceived exertion. Any orthopedic discomfort was also noted.
At the end of the week, the results were discussed with the
physical therapist and the prescription changed to accom
modate fatigue, HR responses, and any musculoskeletal
trouble or other observations. By the end of 2 months (pro
gram changed nearly weekly), Mabel could walk from one
end of the mall to the other four times (3 miles) at an aver
age pace of 3 mph. HR averaged 112 bpm, and no rest stops
were required.
Before the walking program was instituted, Mabel was
instructed on what to look for in a decent pair of walking
shoes. Her feet were flat, bony, and very narrow, which di
minished her options for brand-name selections. After shoe
purchase, shoe modifications (molefoam or moleskin) were
made by the physical therapist to further raise the arch of
the shoe, provide additional cushion, and to keep the heel
from pistoning. In addition, Mabel was taught some simple
stretching exercises to maintain flexibility. She was also
taught how to take her own pulse, how to use the perceived
exertion scale, instructed on possible discomforts that
might occur, and how to record distances and times on her
exercise sheet. The physical therapist made weekly phone
calls to check on Mabel's progress, to troubleshoot as able,
and to answer questions. During the first 3 months, Mabel
made two additional clinic visits to permit a more detailed
examination of progress, especially a HR and BP check at
actual walking velocities. These visits also included a dis
cussion of walking distances and times, perceived exertion,
a range-of-motion check at the hip (hip-flexor tightness)
and ankle (dorsiflexion range), and examination of shoes.
Independence in exercise was achieved, but Mabel was
made aware that she could receive assistance at any time, if
required.

Liz F (age, 83 years)
This patient had a long history of osteoarthritis of the knees
and hips, hypertension, asthma, glaucoma, and falling. She
lived alone in a large apartment complex in which the ma
jority of occupants were pensioners. Liz wanted an exercise
program that would improve her walking. She was fearful
that a fall would result in injury. She could not cross the
street quickly enough to beat the stoplight, and she was ex
hausted by the time she reached the church where she did
volunteer work. Liz had fallen several times on her way to the
church and had sustained fractures of the wrist and coccyx.
Treadmill testing (symptom limited) revealed a maximal
attainable V02 of 12 mLlmin/kg. Dizziness and fatigue were
encountered during the stress test, where HR reached 108
bpm and BP rose to 165/95 mm Hg. The patient also felt
quite breathless for about 5 minutes after the test.
Physical therapy evaluation revealed lower extremity
strength of F + to good, with deficiencies primarily in the
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muscles of weight bearing: plantar flexors, quadriceps, and
hip abductors and extensors. Standing balance was dimin
ished. Liz could accomplish only two of six stages on the
sharpened Romberg, was completely unable to stand on one
leg, and required assistance with weight-shifting activities.
Liz used a cane for all walking activities outside and inside
the home. Range of motion was within normal limits with
the exception of knee flexion, which was 110 degrees, and
ankle dorsiflexion, which was O. The patient was able to dress
herself and take care of the easier day-to-day chores. She had
help with grocery shopping, cleaning, and laundry. She
could not get out of the tub, get up off the floor, step up
more than a 6-inch stair, or descend/ascend steps without a
railing.
For the first 3 weeks, training consisted of relatively easy
chair exercises to enhance strength and challenge balance
while sitting or while standing and holding on to the arm
of the chair. A walking program was initiated that started
with a distance of 25 feet. Liz stood from a chair, walked 25
feet, rested a few seconds, and then returned to the chair
while walking at a faster-than-normal pace. Walking was
done next to a wall in the apartment complex so that Liz
could hold her cane with one hand and use the wall for bal
ance as necessary. For the first few weeks, chair exercise for
20 minutes and three to four repetitions of the 50-foot
walk were all that she could tolerate. After 1 month, she
could walk 50 feet without resting and at a slightly faster
pace four times. After 2 months, Liz walked 75 feet briskly,
then normally, and then again briskly. Ultimately the pa
tient progressed to walking briskly around the entire apart
ment complex, a distance of 220 feet, without resting and
at a faster-than-normal pace. Walking on carpeted surfaces
and up and down stairs would be added to the program in
time. Liz was able to walk further without undue fatigue a
little more quickly, with better balance, but still could not
get across the street beforethe light turns green-the ulti
mate goal of the program.
These case histories exemplify typical real-life situations
in which patients are interested in exercise but do not know
how to begin a safe and effective program, have some physi
cal difficulties to accommodate, and have varying levels of
ability. Exercise prescription was successful for each of these
individuals because programs were tailored to their needs,
physical capabilities, and desires. All these individuals made
significant gains in fitness, and the improvements resulted in
enhanced functional capacity.
All three of the case histories presented were those of
women because women are more likely than men to exhibit
functional decline and, thus the need for exercise. Using ex
amples from the same gender also permitted illustration of
the decline in Vo2max values that is typical for decondi
tioned women in this age range. Physical activities that are
traditionally regarded as aerobic exercises were appropriate
for the first patient since she had an adequate aerobic capac
ity. The last patient was so deconditioned that manyactivi
ties of daily living represented aerobic exercise. Tailoring ex
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ercises appropriate to level of fitness is an important consid
eration in endurance training.
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SUMMARY
Although cardiovascular functional capacity declines with
aging, even in people who remain physically active, a seden
tary life-style markedly accelerates the rate of decline. Addi
tionally, sedentary behavior promotes undesirable changes
in body composition, particularly increased abdominal adi
posity, that further compromise functional capacity and
health. Ideally, age-related changes in fitness and functional
capacity are minimized if a person remains physically active
over the course of a lifetime.
Importantly, however, even older adults who have been
sedentary for many years retain the ability to improve their
functional capacity through endurance exercise training. Yet
many older people are hesitant to start exercising because
they don't know what type or how much exercise they
should do or whether it is safe for them. Exercise can raise
concern or even fear in the older person who has led a seden
tary life, because helshe may be unaccustomed to the "usual
discomforts" of exercise-shortness of breath, increased
heart rate, sweating-that might be perceived as, and some
times are, indicators of cardiovascular problems. Thus, it is
important that people in a position to prescribe exercise for
older adults, such as physical therapists, understand the ben
efits to be gained from endurance exercise training and how
to prescribe a safe, yet effective, training program to help the
older adult realize those benefits.
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viewed as interchangeable. In this chapter, fatigue is de
fined as a reduced ability to achieve the same level of force
output. An example of fatigue is illustrated by a patient
who performs a series of contractions and generates 100%
of maximum during the first contraction, 90% of maxi
mum the second contraction, 80% of maximum during the
third contraction and so on, to the point of inability to
move. Endurance is the ability to sustain a selected force
output (usually 50%) for as long a time as possible. Hand
grip endurance, for example, is often measured as the du
ration that 50% of a one-repetition maximum can be
maintained. Grip endurance typically lasts 1 to 2 minutes,
whereas fatigue may occur within a matter of seconds.
Since fatigue is the phenomenon we tend to observe most
commonly, the remainder of this discussion is directed pri
marily toward this problem.
What are the causes of fatigue? In general, fatigue can be
the consequence of failure at a number of sites, both central
and peripheraL Briefly, fatigue can result from failure in mo
tor unit recruitment and impulse transmission at multiple
sites: brain, spinal cord, peripheral nerve. Fatigue can also be
the consequence of failure in transmission at the neuromus
cular junction or through the transverse tubular system. The
excitation process can be diminished substantially by the
sarcoplasmic reticulum failing to release adequate calcium.
Altered excitation-contraction coupling and energy sub
strate depletion may play a role, affecting the binding of
adenosine triphosphate (ATP) and the attachment of the
cross-bridge. Because there are so many potential sites for
failure to occur, it is not surprising that fatigue is difficult
to characterize, as detailed in the reviews on fatigue by
MacLaren and colleagues 12 and FittS.4 Regardless of the eti
ology or site of fatigue, the more important clinical consid
eration is the recognition and characterization of this fre
quently encountered phenomenon.
Muscular endurance is related in large measure to the
aerobic capacity of muscle, the volume of mitochondria

INTRODUCTION
Muscle fatigue is such a common complaint from the older
deconditioned patient that it causes no surprise when
brought to the attention of a physical therapist. Frequently,
after a few repetitions of an activity, fatigue is apparent, as
evidenced by inability to move the body part through the
same range of motion, actual muscle quivering, or shaking
of the entire extremity. Therapists commonly indicate "im
prove endurance" as a goal of intervention, and yet there is
not a universally accepted definition of what this goal
means. Some therapists who attempt to enhance physical
performance through the improvement of muscular en
durance often have developed their own approaches to test
ing and treating fatigue and deficiencies in endurance.
Oddly, there has been very little sharing of information in
the literature regarding examination, evaluation, and inter
vention for this ubiquitous problem. Thus, the primary pur
pose of this chapter is to bring attention to the problem of
poor muscular endurance and fatigue in the older adult. It is
hoped that this chapter will stimulate clinical research into
the development of tests for muscle fatigue and poor en
durance and stimulate therapists to examine strategies to
treat fatigue and limited muscular endurance.
The terms endurance and fatigue are often used synony
mously, yet from a investigative standpoint, they are not
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(and hence, aerobic enzymes such as citrate synthase), and
fiber type. The higher the proportion of type I fibers, the
better the endurance capacity of that muscle. Clearly, the
more aerobically trained an individual, the more endurant
are those muscles involved in the activity. Thus, a jogger has
more en durant quadriceps than a sedentary adult, because
training has resulted in increases in mitochondrial volume
and aerobic enzyme capacity. Jogging probably has also
caused a shift in fiber type distribution (more type lIa fibers
than type IIb fibers) toward a more aerobic profile. 1,3,7,9 Mus
cles involved in endurance or aerobic exercise activity per
form better (longer) on endurance tests.
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SUSCEPTIBILITY OF OLDER ADULTS
TO FATIGUE
Although there are not many studies of fatigue in older
adults, particularly those beyond the seventh decade, there
is little evidence to suggest that older adults are more sus
ceptible to fatigue than young adults. Lindstrom and col
leagues, for example, asked healthy older men and women
to perform 100 repeated maximum dynamic knee exten
sions at 900 /s (degrees/second) using a Cybex II dy
namometerY Peak torque was recorded for each contrac
tion. Although maximum voluntary contraction (MVC)
was significantly lower in the older men and women, there
was no discernible difference in relative muscle force pro
duction or fatigue rate between young and old individuals.
Similar data have been collected in the laboratory and are
presented in Fig. 16-1. These data were collected for 65 men
and women between the ages of 60 and 72 years and 25
younger individuals between the ages of 20 and 29 years.
The test was done on a Cybex dynamometer at 1800 /s. One
maximum contraction was performed each second for a to
tal of 60 contractions. The slope of the line in the illustra
tion indicates fatigue and is essentially the same for the

young and older adults. "Fatigue" in both instances was ap
proximately 50%. If the concept of "work" is introduced
into the equation, clearly older adults are not able to pro
duce as much work (Le., the area under the curve [see Fig.
16-1]) as young adults. Nonetheless, for the same relative
work load, there does not seem to be an age-related penalty.
In one of the few investigations of older. adults who were
not healthy/normal, fatigue was found to occur more read
ily. Schwendner and colleagues studied 27 normal older
women and 26 women with a history of falling. 17 They had
subjects perform maximal concentric knee extensions until
the force output fell below 50% of MVC. Time to fatigue was
significantly faster in the women with a history of falls as
compared with the women of similar age with no history of
falls. As observed in other studies, however, the women with
a history of no falls did not tire any more quickly than the 29
young women examined whose mean age was 22 years. 13
Strength values were not reported, so it is not known
whether the women with a history of falls fatigued more
readily because of poorer strength values.
DIFFERENCES IN MUSCLE ENDURANCE
BETWEEN YOUNGER AND OLDER
ADULTS
Curiously, the evidence to support a decrease in muscular
endurance with age is not that strong. A number of studies
have been performed that ask subjects to maintain a certain
force level (from 5% to 80% of maximum voluntary force)
for as long as possible. These studies involve a variety of
muscle groups, including the back extensors,1O finger flex
ors,s and quadricepsY In general, force levels less than ap
proximately 15% of maximum can be maintained indefi
nitely. As the amount of force required is increased,
endurance time decreases rapidly, regardless of the muscle
group being tested. lo
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FIG. 16-1 Decline in maximum force (Y axis) with 60 contrac
tions (X axis). A -50% decline in quadriceps force generating abil
ity occurred for young and older adults during the 60-second con
traction period. The slope of the decline is identical for young and
older men and women, suggesting a comparable rate of fatigue.
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FIG. 16-2 Grip strength endurance for young and older adults.
The decline in grip force does not differ with age. On the Yaxis is
percent grip force, whereas on the X axis is time in seconds.
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Studies of endurance that have included elders as subjects
seem to indicate that the initial starting value for strength is
the only likely difference between young and old. When
young and older adults are asked to maintain a 50% grip
(half of maximum grip strength) for as long as possible,
older subjects do as well or even better than young subjects. s
The ability to maintain 50% of maximum grip strength is
depicted in Fig. 16-2. Differences between young and older
adults is not apparent. However, the initial starting value for
grip strength is not reflected, which is 90 pounds for young
adults (men and women combined) and 60 pounds for older
adults (60 to 75 years).

FACTORS THAT INFLUENCE FATIGUE

Muscle Strength
Clearly, lack of muscle strength is a major factor contribut
ing to fatigue, and thus the stronger the patient becomes
with exercise, the less likely he or she is to experience fa
tigue. For example, if six dinner plates weigh 10 pounds and
an individual is capable of lifting 10 pounds, then 100% of
available strength is being used to accomplish the task of
lifting those plates. Under these circumstances, the task can
be repeated only once before fatigue limits performance. If
a patient has the capability of lifting 20 pounds, then plac
ing 10 pounds of plates into a cupboard represents only a
50% challenge. Given such a modest challenge, the lifting
task can be repeated multiple times before fatigue becomes
a problem. The strategy of reducing the amount of weight
to permit multiple repetitions of a task is routinely used in
the industry.
Intuitively, humans embrace behaviors that reduce the
amount offorce required for a particular task, i.e., reduce the
potential for fatigue. If strength is limited, a person places
less clothing into a suitcase before embarking on a trip. With
advancing age, it is not uncommon to see older adults pack
more bags of groceries with fewer items, thus reducing the
weight of each bag to facilitate placement of the bags into the
car. Obviously, lower forces can be sustained longer than
high forces, and individuals with little ability to generate
force, i.e., those who become easily fatigued, are likely to be
come patients of physical therapists.
From a rehabilitation standpoint, increasing strength to
the highest levels possible will have a positive effect on fa
tigue. The greater the available strength, the smaller the per
centage demand on each muscle group. An interesting ex
ample of this is the case of an 82-year-old man who had been
weight-lifting for more than 60 years who was tested in the
laboratory. Although the amount of weight he could lift had
decreased over the years by more than 50%, his lifting capa
bility still was vastly superior to that of men in younger age
categories. This man could not comprehend why his peers
were having difficulty with fatigue. Even though his strength
was diminished, he had far more capability than needed to
perform the basic repetitive tasks, e.g., walking and lifting,
associated with activities of daily living with ease.

If initial strength values are so low that all tasks become
too difficult, fatigue will overwhelm the individual and there
is a threat of lost independence. There is a clear association
between the loss of lean muscle mass and inability to ac
complish routine activities of daily living.2,l5 Thus, increas
ing strength will have a positive effect on muscle mass and
function and will result in the reduction of fatigue. It cannot
be overemphasized that the initial starting value for strength
is a major determinant in fatigue.
Strength enters into the clinical equation in another ca
pacity as well. Consider that a muscle contraction greater
than approximately 15% of maximum constricts the muscle
sufficiently to diminish circulation to that muscle. 14 In other
words, the muscle becomes anoxic when contractions exceed
a certain threshold level, leading to the build-up of waste
products that limit performance. Anoxia also impedes the
delivery of oxygen and nutrients to a working muscle. Thus,
the greater the strength capacity of the muscle, the higher
the likelihood of avoiding the constriction of vessels leading
to anoxia in a contracting muscle. If a patient's maximum
force output of a muscle is 10 pounds and blood vessels are
compressed with lifting a 1.5-pound (15% of maximum)
load, then this patient is likely to experience fatigue sec
ondary to circulatory constriction-just lifting a large glass
of water.

Aerobic Conditioning
Another factor that influences fatigue is the state of aerobic
conditioning. Men and women who are conditioned to aer
obic exercise fatigue to a lesser extent and recover more
quickly than those who are deconditioned. In the laboratory,
men and women between the ages of 55 and 84 years partic
ipated in a fatigue test. Subjects included 24 master athletes
and 24 <l15e-matched controls who were relatively sedentary
but healthy individuals. Master athletes typically were run
ners and cyclists, many of them world class, who partici
pated in the Senior Olympics. The test required each subject
to exert 60 maximum contractions of the quadriceps repeti
tively during 60 seconds. Subjects were seated on a Cybex
machine, which was set at a speed of 180 /s, and then were
asked to extend the knee maximally each second to the beat
of a metronome. Once the fatiguing protocol (which is not a
recommended protocol for most older adults) was over, sub
jects rested for 30 seconds and then were asked to produce a
maximum contraction. After 1 minute of rest, subjects were
asked to generate another maximum contraction and so
forth, until full recovery was obtained (maximum of 5 min
utes). Results for these two groups are presented in Table
16-1. Note in particular the athletes' higher starting point,
i.e., greater strength values; smaller drop in force with the fa
tiguing protocol; and rapid rate of recovery. Some of the
sedentary subjects had not recovered 100% of initial torque
after 5 minutes, which was the end of the test, whereas most
of the athletes had full recovery of maximum torque at the
end of 1 minute. The percent decline and rapid recovery are
reflective of resistance to fatigue and good endurance.
0
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TABLE 16-1

INITIAL AND FINAL QUADRICEPS TORQUE OF
ATHLETES AND AGE-MATCHED SEDENTARY
CONTROLS'
ATHLETES

Initial Torque (ft/lhs)
End Torque
% Decline
30s recovery
60s recovery

SEDENTARY CONTROLS

78±19
52±1O
33%
88± 11%
94±9%

69±20t
35±8t
49%t
79± 17%t
87±15%T

* Values (means::':sd) at 180"/s after a 60-second fatigue protocol.

t p<O.05 indicating values for athletes are significantly higher than those for age
matched sedentary controls.
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One additional factor that likely influences fatigue is in
activity. Men and women who are sedentary may lose the
ability to fully activate their muscles. s It is possible that the
shakiness observed in a patient who has been on bed rest,
for example, reflects disuse rather than fatigue, per se. Re
gardless, to the patient, it feels as though the arm or leg
weighs 6 tons, and the perception of fatigue is very real to
that individual.
Lastly, the issue of motivation is outside the scope of this
discussion, but very real nonetheless. If a patient is simply
unwilling to perform to the best of his/her ability, the lack of
motivation may appear as fatigue.

(1

FACTORS THAT INFLUENCE MUSCLE
ENDURANCE
In reality, the factors that influence muscle fatigue also affect
muscular endurance. Thus, the separation of fatigue and en
durance represents a somewhat artificial partition. Muscle
strength and aerobic condition are major determinants of
endurance as well. Men and women, regardless of age, who
are in excellent physical shape, with optimal strength and
aerobic capacity, have excellent muscle endurance, as mito
chondrial volume, aerobic enzyme activity, and capillary
supply are higher than in sedentary individuals. ATP can be
generated more quickly in "fit" individuals. 16 Conversely,
those who are unfit, deconditioned, or inactive because of
bed rest are likely to show signs of poor muscle endurance. 6
It was noted previously that a task requiring 15% or less
of maximum strength can be maintained indefinitely.B This
finding once again underscores the importance of muscle
mass and strength as key determinants of muscular en
durance. Obviously, the stronger the individual, the greater
the array of tasks to choose from without a reduction in
muscular endurance. If walking requires 10% of an individ
ual's strength capability, that individual probably can walk
all day. If walking requires 25% of an individual's capacity,
then walking endurance will be limited considerably. Obvi
ously, potential cardiovascular and pulmonary limitations
are not being taken into consideration in this discussion, but
they are discussed elsewhere in this text.

I
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TESTS AND MEASURES FOR FATIGUE
AND ENDURANCE
Tests for the assessment of fatigue are limited and not
readily applicable to the clinical setting or the geriatric
population. The most commonly used test, 50 to 60 maxi
mal knee extensions on an isokinetic device, requires
equipment that is not likely to be on site in many facilities.
Many older adults are not able to grasp the isokinetic na
ture of the test, and it can be risky for those with signifi
cant cardiac compromise. In many clinical situations the
patient is fatigued by the time four to six repetitions are
completed, so a test requiring a multitude of contractions
is not helpful. However, because fatigue is a common pa
tient complaint and is commonly observed, some means
for assessing the magnitude of the problem is needed. One
suggested method is to select a cuff weight that is reason
able (based on clinical judgment), strap it onto the ex
tremity of interest, and then choose a functional task that
is pertinent. For example, a patient's functional limitation
could be measured by placing a cuff on the patient's upper
extremity, having the patient reach up along a yardstick to
the highest point possible, and then determining how
many times the patient reached the set goal. This measure
provides a distance that is reproducible and quantifies the
number of repetitions achieved. Improvement in fatigue
would be noted as an increase in number of repetitions
achieved, a greater distance reached, and the more weight
lifted. A similar protocol could be developed for the lower
extremity, e.g., putting a cuff weight around the patient's
ankle and then having the patient bring the knee to a cer
tain height forward to a line to challenge the hip flexors or
the knee extensors. These suggestions are provided to en
courage the reader to develop better protocols. An accept
able fatigue protocol must be reliable, valid, easy to use,
understandable to most patients and third party payers,
and require little or no equipment.
When the goal of "improve endurance" is written, the
likely intent of the therapist is to reduce fatigue. Endurance
tests, such as holding a contraction for as long as possible,
are probably not indicative of the patient's compromise as a
test for fatigue. Regardless, some type of test that under
scores the need to "improve endurance" is sorely needed for
clinical practice. Those in the geriatric community of care
are the most capable of developing such a tool.

Case Study
Rita M (age, 72 years)
This sprightly, trim woman had a primary diagnosis of
rheumatoid arthritis oflong-standing duration (more than
30 years). Rita has had both knees and hips replaced and has
had numerous other surgeries on her hands and feet to re
duce deformity. Nonetheless, she was an independent com
munity ambulator (no cane) and could perform all her ac
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tivities of daily living with the use of assistive devices, e.g.,
button hook. Even though Rita could accomplish the fun
damental tasks of dressing, food preparation, house man
agement, etc., she was exhausted at the end of the day. Trips
to the grocery store, physician's office, and theater were a
chore, resulting in "muscle fatigue." In addition to fatigue,
Rita's only other complaint was inability to pick up her
grandchildren. Thus, the patient's goals were to make
chores a little easier to perform (decrease fatigue) and lift
up and hold her 2- and 4-year-old grandchildren (improve
strength).
Tests to identify deficits in strength, fatigue, and en
durance were performed at initial evaluation. These tests
consisted of (I) determining maximum isometric strength
of the major muscle groups of the upper extremities and
hip extensors and abductors, using a hand-held dy
namometer; (2) determining how many repetitions of up
per extremity lift could be performed using a weight that
was 50% of maximum; (3) having Rita perform an isoki-

netic test for the quadriceps and hamstrings at 0, 60, 180,
and 300"/s and plantar and dorsiflexors at 0, 60 and IS00;s;
and (4) having the patient perform an isokinetic endurance
test (50 maximum contractions at lS00/s). In addition, tests
of function were performed and consisted of preferred gait
speed, book-lift test, and chair rise. Initial examination
findingg are displayed in Table 16-2.
Isokinetic testing of the knee extensors and flexors re
vealed that Rita could not move the arm of the dynamome
ter faster than ISO"/s. In other words, torque output at 300 /s
was zero. The endurance test was highly remarkable as there
was no decline in torque over the I-minute test period (Fig.
16-3). The IS-foot/pound output (a very low value) was
maintained throughout the entire test. Functional testing in
dicated that preferred gait speed was 45 mlmin, a total of S
pounds could be lifted overhead three times before the onset
of fatigue, and that Rita could not get up from a chair with
out using her arms to assist.
Exercise intervention was initiated and consisted of the
following:
1. General body strengthening using primarily body weight
and the weight of the body part, such as supine straight
leg raising while maintaining abdominal control and
wall slides
2. Walking with a weight belt around the waist to load the
hips, in particular
3. Stationary cycling with no resistance to reduce swelling
of the knees and reduce perceived lower extremity joint
stiffness
As progress was made, exercises with resistive elastic were
added to the regimen. Rita's hand function was so poor that
it was difficult for her to hold traditional weights, and cuff
weights resulted in enough joint traction to cause discom
fort. Resistive elastic strips that could be looped around up0

TABLE 16-2

SELECTED STRENGTH VALUES FOR
ISOMETRIC/IsOKINETIC TESTS BEFORE AND
AFTER INTERVENTION

Shoulder flexion
Elbow flexion
Grip
Hip extension
Hip abduction
Knee extension
Knee flexion
Plantar flexion

INITIAL EXAMINATION

3 MONTHS

7lbs
18lbs
18lbs
201bs
32lbs
28 ftllbs
18 ftllbs
28 ftllbs

10 lbs
25lbs
18lbs
28lbs
381bs
48 ftflbs
32 ftflbs
36 ft/lbs

Quadriceps Endurance

40
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20
15
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FIG. 16-3 Quadriceps endurance before and after 3 months of physical therapy exercise. On the X axis is
torque output in ftllbs, and on the Yaxis are the number of contractions performed. A metronome was set
to elicit 50 contractions for 1 minute, and the dynamometer was set at 180 /s.
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per and lower extremities proved to be the most comfortable
resistance exercise. At the end of 3 months of exercise that
was done on site under supervision 3 times week, a re
examination was performed. Substantial progress was made,
as indicated in Table 16-2.
With regard to muscle fatigue (Fig. 16-3), torque values
were so low that there was no decline in torque during the
fatigue test before exercise intervention. Torque output dou
bled after 3 months of intervention and declined to the orig
inal starting value of 18 feet/pounds with the endurance test.
Interpretation of this type of test is challenging since, as the
slope of the curve suggests (see Fig. 16-3), there was no com
promise in endurance before exercise and a 50% decline in
endurance capacity after exercise. It is easy to misconstrue
this finding as an indication of a worsening of endurance.
Another way of looking at the data is that the amount of
work (area under the curve in Fig. 16-3) performed in
creased by about 30%, suggesting an important improve
ment in endurance (and strength) capacity.
With regard to the book-lift task, Rita could complete
eight repetitions of 10 pounds after physical therapy inter
vention, which was a marked improvement. More impor
tantly, she could hold (but not lift) her grandchildren after
exercise and spend more time in the community without un
due fatigue. Her preferred gait speed increased 5 m/min, and
she could now get up from a chair without using her arms.
This case study demonstrates that it is possible to identify
fatigue and endurance compromise, but it also shows the
need for better tests to illustrate deficits, particularly to third
party payers. This case study also shows that it is possible to
influence strength, fatigue, and endurance with standard
treatment principles. Improvements in strength likely con
tributed to the reduction in fatigue and improvement in en
durance. The combined effect of all of the positive changes
was enhanced physical function. However, it must also be
noted that the investment required to achieve this outcome
was more than 30 patient visits in 3 months, highlighting the
importance of excellent documentation to demonstrate the
value of physical therapy intervention.

SUMMARY
Older adults commonly exhibit signs of fatigue and poor
muscular endurance. The identification of fatigue and im

paired endurance should be routine components of physical
therapists' examination, just as the inclusion of exercises to
reduce fatigue and poor endurance should become standard
interventions to improve the physical function and quality
of life of older adults.
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POSTURE THROUGH THE LIFE SPAN

Development of Upright Posture
During fetal life, childhood, and adolescence, increase in the
number of cells is of prime importance to growth of the
body systems responsible for the development of posture.
The central nervous system matures concurrent with the
continuous changes occurring in the musculoskeletal sys
tem. Martin suggests that children develop postural control
in various stages corresponding with their ability to inte
grate sensory information.65 In the early years, vision is the
primary source used to reinforce upright orientation, with
the proprioceptive systems being of secondary importance.
In order to effectively develop proprioception as a mode of
input, the child must continue to practice motor skills to
perfect the system.
Aging of the child, as well as increased use of the so
matosensory and vestibular systems, enhances the adapta
tion of the individual to the upright position. The so
matosensory systems continue to be the primary sources
used by both children and adults to achieve postural stabil
ity.36 It is important to appreciate that, notwithstanding the
importance of the nervous system, other factors must de
velop parallel with the development of movement, such as
strength and endurance against gravity. This of course re
quires the appropriate integration of healthy cardiopul
monary, musculoskeletal, and neuromuscular systems. In
essence, posture is derived from the relationship of body
parts to one another as well as the maturation and interac
tion of a number of body systems.56.104.105 Once postural con
trol has been established, the child can begin coordinated,
sequential movements about the environment.65
A brief description of the development of posture would
not be complete if some comment were not made regarding
the influence of psychosocial factors on the upright position.
In the pre-school age youngster, parental and sibling influences
affect the mobility of the child and can give rise to the inten
sity, duration, and selection of activity in which the child par
ticipates. When boys and girls enter school, obvious differences
begin to appear with respect to motor behavior, as demon

INTRODUCTION
When one is asked to imagine a picture of the posture of an
elderly person, too often the image is that of a bent or
stooped individual who, more often than not, is of the fe
male gender and has a high risk of falling (Fig. 17-1). Often,
previous experience as a student or clinician has created a
picture of the posture of only those elderly persons who are
confined to nursing homes or similar circumstances.
Posture can be a statement about an individual. It may be
an outward demonstration of wellness, illness, self-esteem
(or the lack thereof), the vicissitudes of life, or simply the
processes of development or aging. As physical therapists, it
is important to decipher between the circumstances to be ex
pected as a result of aging and those conditions extraneous
to growing old, thereby altering upright posture.
The purpose of this chapter is to review these parameters
and to demonstrate the process of designing and imple
menting a physical therapy plan of care for common pos
tural problems seen in the elderly person. It is imperative
that posture be evaluated on an individual basis as, in the
case of other human characteristics, the upright position has
great variability among this population of people.
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Traditional perception of elderly posture.

strated by Hayes and co-workers.· 5 Physical growth during
adolescence, as well as other changes associated with that time
period, can have an important effect on the individual's belief
in oneself. Fears of being different from peers may interfere
with self-image and be reflected in the youth's posture."
Since it is outside the scope of this chapter to elaborate on
the theories of aging, we will assume fo r our purposes that
growth, development, and differentiation of the human con
tinues throughout life and does not stop at young adult
hood. 98 Furthermore, it will be assumed that the elderly are
those who have had long lives with varied experiences that
demonstrate great differentiation. How the elder person
maintains the capacity to adapt to the grmvth and changes of
life will decide how the individual will master the tasks of later
maturity and old age, including optimiZing upright posture.'6

Factors Influencing Postural Changes During
Senescence
It is clear that one person who is elderly is not the same as
another person who is elderly. Variability is the important
word to keep in mind as postural changes characteristic of
aging are discussed. The description here will be of what one
might find to be typical or reflective of the aging process;
however, it should be recognized that the posture of the in
dividual may be altered or changed by disease, medication,
trauma, state of mind, or the setting and time of day when
the patient is evaluated.

Musculoskeletal Changes
Some authors drnw a fine line between decreases occurring in
the density of long bones and the vertebral column due to ag
ing changes in bone mineral balance and decreases that result

in osteopenic or more severe osteoporotic bone. Results of
scientific studies have demonstrated that a decrease of height
or stature can generally be expected due to senescence. 2S .%
Age-related changes in bone density differ from site to
site. Bone mineral at peripheral sites (such as the radius) re
mains relatively stable until menopause, but bone loss of the
spine and neck of the femur occurs 5 to 10 years earlier, re
spectively. Sim ply stated, changes in bone during aging oc
cur earlier in the spine than in the limbs. 69 Bone loss in men
occurs at a rate of about 0.4% per year, beginning at age 50,
and does not characteristically become problematic until the
male is in his 80S. 68 •69 In both men and women between the
ages of 60 and 80 years, the average rate of decrease in height
is about 2 cm per decade and may be as much as a total of 12
cm in extreme cases of bone loss.1.'
These changes commence around age 40 and are more
noticeable in women than in men, likely due to the increased
vulnerability for women to lose bone mass. In aging women,
bone loss begins at 0.75% to 1% per year beginning at age 30
to 35 years. A higher rate (2% to 3%) of bone mineral loss
occurs after menopause. A greater loss occurs in the spine
the first 5 years after menopause than during the subsequent
15 years of the woman's life:lI At this rate, women may lose
30% of bone mineral mass of the spine by 70 years of age. In
terestingly, bone mineral loss does not occur as readily in
overweight women. so Longcope and colleagues suggested
that this is a consequence of peripheral estrogen production
by adipose tissue."?
Since the upright posture of an individual is reflected
dramatically in the spine and related structures, the follow
ing discussion concentrates on the life span changes in the
musculoskeletal properties of these structures. The focus is

limited ,to the intervertebral disks, spine ligaments, verte
brae, ribs, articular cartilage, en theses, muscles, and related
biomechanics.
Age-related change in the intervertebral disk is a well
known phenomenon occurring throughout the life span, be
ginning about 30 years of age. 77 ,113 Briefly, the intervertebral
disks are composed of fibroblasts, collagen, elastin, and a poly
saccharide ground substance consisting of hyaluronic acid
and proteoglycans. \"!hile serving various functions, the indi
vidual disk is subjected to considerable forces and moments
throughout the life span. In concert with the facet joints, it is
responsible for responding to the compressive loads placed on
the trunk.'6.115 Nachemson and colleagues74,76,1 13have described
these forces, stating that the forces on a disk are greater during
the standing anatomical position than the weight of the por
tion of the body above it. The sitting position is another mat
ter. Wben it comes to the forces on the lumbar disks, the sum
mation of forces on the lumbar spine during sitting is greater
than three times the weight of the trunk. 7;,76 Dynamic loads
such as jumping or running will obviously increase the forces
to perhaps twice as high as those in standing or sitting posi
tions. lo Not only are interve rtebral disks subjected to com
pres-sive stresses,1 7,J(l,4O,47,M,R7,I09 they must also endure tensile
stress I7 ,39,1\3 and axial rotation of the trunk, which results in
shear stresses. 17,30,31.47.52,64
Anatomically, the intervertebral disk constitutes 20% to
30% of the cumulative height of the spinal column,11 3 The
disk is composed of a nucleus pulposus, an annulus fibrosus,
and the cartilaginous end p'lates. Centrally located, the nu
cleus pulposus is composed of a loose, translucent network
of fibers that lie in a mucoprotein gel containing a variety of
mucopolysaccharides. The water content of the nucleus
ranges from 70% to 90%, being highest at birth and dimin
ishing in amount with age. The relative size of the nucleus to
the total disk area depends on where it is located in the bony
column, with the nuclei of the lumbar spine being 30% to
50% of the disk area.
The annulus fibrosus is composed of fibroelastic tissue
arranged in concentrically laminated bands that are
arranged in a helicoid fashion. Any two adjacent bands
demonstrate fibers that run in opposite directions from each
other such that the fibers of two bands are oriented at 120
degrees to each other (Fig. ~ 7-2). The annulus fibers are at
tached to the cartilaginous end plates on the inner ZOne of
the vertebral body, while peripherally they are attached by
Sharpey's fibers to the edges of the body. The cartilagi notls
end plate is composed of hyaline cartilage and separates the
nucleus aDd annulus from the vertebral body.1 13
In general, aging alters both the properties and the rela
tive proportion of the connective tissue elements of the disk.
Specifically, there is an increase in the stability and density of
collage n with the exception of some tissues, such as the
skin.',7 With agin g, elastin becomes less distensible an d can
undergo fragmentation. Collagen molecules that form
elastin may change eith er by degradation or by incorrect
synthesis, resulting in an intermediate form of elastin called
pseudoelastin.% This departure from normal collagen fibers
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FIG.17-2
Components of the intervertebral disk. A, Photograph
of a disk showing the annular fibers and their orientation. B, Draw
ing of the lamellar configuration of the annular fibers. C, Orienta
tion of fibers at about 30 degrees with respect to placement of the
d,isk. (From \Alhite AA, Panjabi MM: Clinical Biomechanics of the
Spine, ed 2. Philadelphia, JB Lippincott, 1990. Used by permission.)

is predominantly found in the exposed dermis of the neck of
the elderly person.
The nucleus pulposus contains considerable water and
mucopolysaccharides that coalesce as a gelatinous mass up
to about age 25 to 30. This anatomical feature is significant
in protecting the spinal elements when the vertebrae are
subjected to stress and loads. Alterations of these con
stituents found in the disk may cause it to co[,lapse, thus di
minishing the height of the individual as wel'! as decreasing
the soft, yellow core of pulpy elastic material that forms the
nucleus pulposus. 7ti
The ligaments of the spine are depicted in Fig. 17-3. Lig
aments surrounding any anatomical structure act much
like guy wires and/or rubber bands with respect to their
function. In the spine, one might conceptualize that the lig
aments respond to tensile forces by becoming taut. The re
verse is true when the spine is subjected to compressive
loads; namely, the collagen fibers in ligaments buckle and
become slack. Ligaments allow mobility in the spine while
maintaining fixed postural relationships between verte
brae. Additionally, they need to do this with the least
amount of effort. This suggests that as long as the spinal
column is healthy, properly aligned, and supported by
strong musculature and ligaments, upright posture will be
sustained. However, should the ligaments be maintained in
a slackened position, changes will occur in postural pat
terns. The tensi le ability of the ligaments of the spine de
generates with age. In an extensive study on 484 sampl[ es,
Tkaczuk determined that the tensile characteristics of both
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FIG. 17-3 Ligaments of the spine. (From White AA, Panjabi MM : Clinical Biomechanics of th e Spine, ed 2.
Philadelphia, JB Lippincott, 1990. Used by permission. )

the anterior and posterior ligaments of the lumbar spine
decreased with age. 106 This was particularly true of the lig
aments' ability to respond to shock absorption. Likewise,
Nachemson and Evans determined that the ligamentum
flavum declines in its ability to perform "resting" tension
upon the spine. This duty is important in lending to the
stability of the spine. 7; Without the tensile strength in liga
ments and resultant laxity, it seems apparent that these
changes might contribute to the flexed forward posture of
the elderly person.
Studies of the strength characteristics of the human verte
bra began more than 100 years ago and have received con
siderable attention since that timeY·72.S4,11 0 It has been ob
served that the vertebra decreases in strength with age,
particularly beyond age 40. Fig. 17-4 depicts the results of an
investigation by Bell and associates that demonstrates a def
inite relationship between the strength (stress of failure) and
relative ash content (osseous tissue) of the vertebra." These
data indicate that vertebral strength is lost with age and is di
rectly related to the decrease in the amount of bone. Fur
thermore, a small loss of osseous tissue produces consider
able decrease in vertebral bone strength. As seen in Fig. 17-4,
a 25% loss in osseous tissue results in a greater tha_n 50% de
crease of strength of a vertebra.s
The separate components of the vertebra-including the
body,8,83.110 cortical shell/,8,Bs,1 10 cancellous core,61,B8 end
plates,g'\,89 neural arch, 57,90,1 i I and facets 30,32,;'1,7",81 ,112,114-have
been investigated to determine the response of each to com
pressive loads on the spine. To summarize this literature, it
has been determined that cancellous bone contributes 25%
to 55% of the strength to the lumbar vertebrae, In a person

younger than 40 years, 55% of the load is carried by the can
cellous core, and in a person older than 40 years, this share
decreases to about 35%.66 Failure patterns in the end plates
of vertebrae can be central or peripheral or involve the entire
end plate. M ,89 Strength in the neural arch decreases with age
and when loaded with compressive forces, the arch is most
likely to fail through the pedicles. 57 The facet joints appear to
carry about 18% of the total compressive load borne by a
motion segment. 7• However, King and colleagues deter
mined that the share of the load carried by the facets could
be from 33%) to 0%, depending on the spinal postures. 54
Atkinson and co-workers 6 ,26 evaluated the vertebral tra
becular bone to determine age-related patterns. The earliest
changes seen were related to the orientation of the trabecu
lae from horizontal to vertical structures. The horizontal
trabeculae were decreased first; however, there was a con
comitant thickening of some of the vertical trabeculae.
Therefore, there was no appreciable loss of osseous tissue on
the whole until age 50 but rather a decrease in the mechan
ical strength of the vertebral body due to the loss of the hor
izontal trabeculae.
Not only did a loss in the horizontal trabeculae occur, the
loss was in the central region of the vertebral body, whereas
the peripheral trabeculae were largely unaltered. The impli
cation is that the loss of strength with age is preferential to
the center of the vertebrae. Microcollapse of the vertebral
body, not sufficient to be diagnosed as osteoporosis, may
contribute to the reduction in height that an elderly person
experiences. Extensive collapse correlates well with the clini
cal findings of central collapse of the body in individuals
who have developed osteoporosis. 68 ,69
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It is difficult to determine the contribution of the rib cage
or its components to the inherent stability of the spine. The
individual components of the rib cage may be quite flexible.
However, using mathematical modeling on a computer, An
driacchi and colleagues studied a variety of simulations to de
termine the effects of the rib cage on the stiffness properties
of the normal spine, on the stability of the normal spine un
der axial compression, and on the scoliotic spine subjected to
traction. 3 Essentially, the results demonstrated that the stiff
ness properties of the spine were found to be greatly in
creased by the presence of the rib cage during various spina'!
motions. The rib cage was also found to increase the me
chanical stability of the spine by 4 times when a compression
load was placed on it. Finally, while traction increased axial
stiffness in the normal spine 40% due to the presence of a rib
cage, this was not the case in a scoliotic spine. Flexibility in
the scoliotic spine with a rib cage was found to be 2V2 times
greater, which might be attributed to the abnormal geomet
ric curvature found in scoliosis. 3 One might conjecture that
changes occurring in the geometric relationship of the ribs
and the spinal column due to aging could reduce its stiffi1ess
and ability to maintain an upright position.
Articular cartilage, with similar components found in
other connective tissues, likewise undergoes change. Healthy
cartilage in fresh cadavers is translucent, glistening, and
pearl-like, whereas the cartilage of older cadavers is opaque
and yellow and may have undergone some decrease in thick
ness. So a reduction in the thickness of the articular cartilage
of the lower extremities in particular will contribute to the

decrease of upright height. Degenerative joint disease may
be present in some specimens but should not be equated
with age-related changes iJ1 the cartilage. Rather, while there
are age-related changes in the structure of the collagen
induding a loss of resilience, decreases in the content and ag
gregation of the hydrophilic proteoglycans (chondroitin and
keratin sulfate side chains), and a reduction in the length of
the chondroitin chains in articular cartilage II-this does not
mean that joint disease will occur. It does mean that there is
an increased possibility that the articular cartilage could sus
tain microfractures or damage l9 from forces such as overuse,
obesity, trauma, metabolic disease, or hereditary factors.
It is not uncommon for physical therapists to see older in
dividuals who have participated in a physical activity that has
caused a sprain, strain, or rupture of a muscle or tendon. Age
related changes modify not only the tendon but also the en
theses. These changes un fortunately make the older person
more vulnerable to injury of tendons by reducing the disten
sibility of the collagen and elastic fiber when pressed to com
plete vigorous activity. Indirectly, the tendinous age-related
changes may contribute to the alterations in upright posture.
Lastly and extremely important are the aging changes
that occur in muscular tissue. It has been demonstrated for
quite some time by various authors 2 ,4 .5.J 5,42 .58 ,6o, lo7 that muscle
strength peaks at about 30 years of age and remains constant
to about 50 years, whereupon it begins to show an accelerat
ing loss somewhat parallel to the decline of lean body tissue
(Fig. 17-5). It has been demonstrated that there is a reduc
tion of myosin adenosine triphosphatase (ATPase) activity
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as well as n selective decrease in the number of fast-twitch,
type II muscle fibers as one ages. This tends to explain why
there is a lengthening of the time to peak tension, a decrease
in peak tension of muscle, and a lengthening of the half
relaxation time. The fUDctional consequences of the prever
tebral and postvertebral muscle becoming atrophied could
result in some of the postural and biomechanical changes
seen in some older persons.
Neurological Changes
Distinguishing between uncomplicated aging of the nervous
system and comorbid factors such as cerebrovascular disease
is sometimes difficult to accomplish. Aging of the nervous
system does not affect all neural structures in the same fash
ion. * Of particular importance is the contribution that de
generation of the nigrostriatal pathways makes to decreasing
motor performance and posture in the elderly. Extensive de
generation of these same monoaminergic neuronal systems
occurs in Parkinson's disease,59.7S.Io8Ieading to flexed posture,
muscular rigidity, tremor, and slow movement.
While the clinical appearance of some elderly individuals
bears a remarkable similarity to Parkinson's disease, one
should not presume that all elderly persons have the dis
ease. IOJ Minor extrapyramidal signs may be present in the el
derly and are often overlooked as a result of the aging process.
Pyramidal tract and cerebellar signs are less common in the
younger elderly. The significance of the age-related imbal
'References 3, 16, 18,44,63, 71 , 79, 82. 105

ances between the motor systems that may occur in aging are
not clearly understood. It is possible that when one observes
the older person who is flexed forward, has a slight tremor,
weak voice, and shuffling gait, it could be related to the aging
process occurring in the basal ganglia and associated nu
clei. !03 Postural tremor that occurs in the elderly29.94and im
pairment of balance may be caused by cerebellar degenera
tion 23 or any of its connections. 103 Therefore, neurological
causes of postural change should also be examined.
Decreases in voluntary movement control and reaction
time occur in the elderlyY ·SO.9).101.102. 113 It has been reported
that the effects of age are more marked when the individual
is asked to accomplish complex reaction time tasks,35.80.91.11 6
complicated motor responses,90 or sudden postural adjust
ments. 5 0 •1I 5 Muscular atrophy of the postural muscles in the
elderly has been discussed previously in this chapter and
elsewhere. I4 .9o
Although the foregoing events occur with aging, it ap
pears that some of the decline in motor performance, in
cluding postural control, may be more related to a decrease
in physical activity on the part of the elder. Various authors
have demonstrated that individuals who are physically active
and continue to maintain maximal oxygen uptake during
senescence enjoy the benefits derived from an improved
heart rate, cardiac output, blood pressure:·9.2 1.27.37.4:1.95 joint
mobility,20 and increased flexibility.
Psychosocial Factors
The impact of psychosocial factors on the posture of elderly
individuals has not been well-documented; therefore, this
discussion is mostly anecdotal from observations made by
the author, who is also a physical therapist for elderly indi
viduals with arthritis and associated psycbosocial concerns.
It is beyond the scope of this chapter to address the multiple
psychosocial problems that could affect posture. Three Qf
the more common phenomena seen in a physical therapy
practice are depression,I3·1; delirium (acute confusional
state),91 and dementia 40 .18.49,55.73 and are covered in detail in
other chapters.
Depression is the single most common problem of mental
health occurring in the elderly and is tbe most treatable. 12
The following case study demonstrates how depression al
tered both posture and general affect.
Mrs. Vj is a 73-year-old woman who lives with her hus
band, a recently retired obstetrician, in an affluent high-rise
condominium. She has a 25-year history of osteoarthritis of
the lumbar spine including both the disks and the facet
joints of L1 to L5. O n x-ray the L4-5 segment has collapsed
and fused, and there are large osteophytes protruding into
the intervertebral foramina . The facet joints of these seg
ments are fused.
Mrs. VJ is overweight by 50 pounds. About 8 months ago
(about the same time her husband completely retired from
his practice), she developed intolerabl.e low back pain. She re
sponded initially to a nonsteroidal anti-inflammato ry drug
and a carefully planned therapeutic exercise and walking pro
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gram. She was seen weekly for 1 month, then once a month
thereafter. Each time she returned for her monthly appoint
ment, it was noted that her complaints of fatigue and lack of
sleep increased. She also seemed apathetic about her appear
ance and about 4 months ago began to wear the same work
out clothes for treatment along with her fur coat. Her com
plaints about her low back pain increased as did the
complaints of fatigue and low endurance, and she began to
sleep for 2 to 4 hours during the day. She walked lethargically
and with a more stooped, bent-forward posture. She claimed
to be compliant at home with her home program of exercises.
When confronted with the question as to whether she was
depressed, she openly admitted she was and burst into tears.
Multiple problems were bothering her, including unresolved
feelings and beliefs about a daughter who had died 20 years
ago, resentment that her husband was home "under my feet
all day," and a feeling that she had no freedom. She was re
ferred to a psychiatrist who prescribed an antidepressant
and counseling for her. Although she was seeing a psychia
trist, the physical therapist continued to follow her case
monthly to monitor her exercise program as well as to pro
vide support during her initial counseling sessions. In 1
month her entire demeanor, depression, countenance, and
posture improved. She continued with counseling and her
exercise program and has been discharged from physical
therapy to be followed ad libitum.
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Pharmaceutical Factors
Many drug groups may change posture. Pepper and Robbins
have suggested that the major mechanisms by which drugs
impair mobility and alter posture are sedation (decreased
motivation); postural instability (imbalance that contributes
to falls and fea r of falling that causes elders to limit activity);
sensory or psychomotor impairment (altered visual, propri 
oceptive, or vestibular compensatory mechanisms necessary
for balance); and postural hypotension (syncope, dizziness,
we akness). ~J Learning what drugs the patient is taking can be
valuable information before making any final evaluative de
cisions regarding the posture of the elder.
Comorbidity Factors
Co morbidity factors that may alter the posture and postural
control of the elderly person might be tinnitus, visual im
pairment, deafness, headaches, hypertension, or hypoten
sion. Control of the posture is governed by the vestibular
system in the inner ear, by the visual system, and by propri
oceptive information from the peripheral nervous system.
Degenerative changes Of other insult to these mechanisms
could impair postural control. Alterations in the cerebroreg
ulatory function probably contribute an important part in
postural disturbances in old people. 99 The list of comorbid
factors could be lengthy, and to explain each is outside the
scope of this chapter. The physical therapist must be cog
nizant of any comorbid factors that may be present in the el
der, no matter how subtle or un,i mportant they appear when
an initial history is taken.
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FIG. 17-6 Posture in the standing position viewed from th e pos
terior. (From Kendall EP, McCreary EK: Muscles: Testing and Frmc
tion. Baltimore, Williams & \"'ilkins , [993. Used by permission.)

EVALUATJON OF POSTURE AND
POSTURAL CHANGES
Before beginning a discussion on the evaluation process, a
precautionary note should be emphasized again. The model
for correct postural alignment is a young, healthy individual
who has a well-integrated neuromusculoskeletal system and
postural control, as reflected in Figs. 17-6 and 17-7. 53 While
this information is important in general, it may not be spe
cific to the elder person. Figs. 17-8 and 17-9 are more reflec
tive of the postural changes particular to the elderly.51As can
be seen, with advancing age the head moves forward, the
thoracic spine is more kyphotic, and there is a loss of the
normal lumbar lordosis. One should remember, however,
that postural alignment in elderly persons can be highly in
dividualized in appearance.

Alignment
To assess the total body ahgnment, visual inspection should
occur in the sagittal, coronal, and horizontal planes as well as
from anterior, posterior, and lateral views. Typically, one uses
a plumb line or a posture grid to determine a reference point
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.,
FIG. 17-7 Posture in the standing position viewed from the side.
(Fro m Kendall EP, McCreary EK: Muscles: Testing an d Function.
Baltimore, Williams & ilkills, 1993. Used by permission.)

' 1'

for inspectian from each view. Althaugh the proximal fixa
tian paints for the plumb line are (1) mental protuberance
af the mandible far the anteriar view, (2) anterior margin af
the masto.id pracess of the temporal bone for the lateral
view, and (3) the external accipital protuberance an the oc
cipital bone for the posterior view as in the young adult, de
viatians from what is expected in yaunger persans should be
anticipated.
For example, Friedenburg and Miller identified that 70%
of their subjects had appreciable degenerative changes in the
cervical spine by the seventh decade aflife. 38 Likewise, Brain
reparted that spandylasis af the cervical spine was present in
80% af subjects in his study af persans alder than 55. II
These cervical changes can restrict matian in the cervical
spule and cantribute to. the farward head pasture seen in
a lder persans. Furthermore, it might be abserved that the
pelvis tends to. tilt pasteriarly mQre aften than is seen in

younger patients. This might be due to pralanged sitting
postures and hypakinesis af the pastural muscles. Devia
tions of the pasture in the pasteriar and lateral views can be
seen in Figs. 17-10 and 17-11. 70
Vv11ile assessing the alignment af the body, it is also. im
partant to. determine the extent to which the person is able
to. maintain the posture (posture holding) or pasitian of the
bady withaut extraneous movements (equilibrium or pas
tural sway). Maintaining pastural cantrol .in a static position
decreases with age and is patentially prablematic for the el
der, as the lass af pastural control increases the risk of
falling. l o .}}.}4 Sample tests far determining disturbances in
posture are depicted in Box 17-1. Suggested tests for assess
ing equilibrium coardinatian are outlined in Box 17_2.93 As
sessment af pastural sway may be as simple as observation
by the therapist ar as camplex as objective data that may be
generated from a camputer-assisted farce plate as the subject
stands an it.
It shauld be nated that elders with significant sensary
losses of visian and propriaception may have difficulty
maintaining a stable pasture. 10.2S It is an important compo
nent of assessment to. view posture as a total integration af
multiple systems. Hence, while static positions are impar
tant to assess, it is equally impartant to. assess posture in
terms af dynamic balance and coardinatian by asking the
subject to. execute a sit-tn-stand movement, establish im
mediate standing balance, react to a nudge by the examiner
when standing, turn in a circle, perfarm a ane-Iegged
stance, and sit down.
The "get-up-and-go." test was described by Mathias and
calleagues."" The purpase is to. have the person complete a
series of postural adjustments in sequence, including sit
ting in a chair, standing up, maintaining static bipedal
stance, walking a distance, turning around withaut tauch
ing any object for suppart, walking back to. the chair, and
turning around and sitting down in the chair. The subject's
performance is scared using a five-point Likert scale, with
1 being narmal and 5 being a severely abnarmal perfor
mance.
Joint alignment, jaint stability, and range-af-mation ex
aminations are generic tests used in physical therapy but ap
plied with consideratian given far age-related changes previ
ausly mentianed. Saft tissue changes, stiffness, and stretch
weakness af muscles are camman in the elder persan.

Respiratory Function
While the primary gaal af a pastural assessment is not nec
essarily to. determine haw the respiratary apparatus is func
tioning, it is an appartunity to. determine whether the pas
ture af the individual has the patential af campromising
how one breathes. Speads and Leang suggest that while some
disturbances in breathing are quite obvious, others will re
quire clase observatian to. determine whether posture is im
pairing the airflaw af the patient. 'oo For example, these au
thors suggest that the observer shauld watch the patient in
the supine pasitian and abserve whether the patient expeJi

A

B

c

FIG. 17-8 Posterior posture of (A) a 60-year-old man, (8) a 78-year-old man , and (C) a 93-year-old man
(From Kauffman T: Top Ceriatr Rehabil1987; 2(4):13-28. Used by permission.)

A

B

c

FIG. 17-9 Lateral posture of (A) a 60-year-old man, (8) a 78-year-old man, and (C) a 93-year-old man.
(From Kauffman T: Top Ceriatr Rehabil1987; 2(4):13-28. Used by permission.)
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FIG. 17-11 Postural deviations from the lateral view. (Redrawn
from McGee DJ: Assessment of posture, in McGee DJ (ed): Ortho
pedic Physical Assessment, ed 3. Philadelphia, WB Saunders, 1997.
Used by permission.)

FIG.17-10 Postural deviation from the posterior view. (Redrawn
from McGee DJ: Assessment of posture, in McGee DT (ed): Ortho
pedic Physical Assessment, ed 3. Philadelphia, WB Saunders, 1997.
Used by permission.
1. Fixation or position holding (upper and lower extremities).

ences difficulty breathing or is able to lie comfortably. Sitting
postures will also reveal whether the thorax is able to move
air appropriately. If the person bends forward while sitting,
this may compress the contents of the abdomen against the
diaphragm, causing breathing to be restricted. Observations
should be made of the rhythm of breathing as well as the
movement of the whole thorax. Is the rhythm regular? Is the
movement of the thorax too fast or too slow? Does the pa
tient sigh more often than is necessary? Does the person ex
ecute Valsalva's maneuver when changing positions or when
doing a task? It is important that the air is moving freely,
without strain and without interference. 100
It is useful also to watch for signs of fatigue or lack of en
durance as the patient changes positions or completes the
posture examination. Casual and routine questions such as
"Do you sleep well at night?" and "How long could you walk
outdoors before you would have to sit down because you
were tired?" may be interspersed into a conversation with
the patient during the examination. Answers to these ques
tions can provide direction for further endurance and fa
tigue testing.

2.
3.
4.
5.

Displace balance unexpectedly in sitting or standing positions.
Standing, alter base of support.
Standing, one foot directly in front of the other.
Standing on one foot.

From Schmitz TJ: Coordination assessment, in Sullivan 5B, Schmitz TJ (eds):
Physical Rehabilitation: Assessment and Treatment, ed 2. Philadelphia, FA
Davis, 1988.

.

Muscle Strength
Given the variability in changes of the muscular tissue in the
elderly person, traditional manual muscle testing may be
both spurious and disinclined to provide a true picture of
what the person is able to accomplish. Performance-based
assessment is much more useful as a global indicator of what
the person can accomplish, whereas isolated manual muscle
testing or isokinetic testing may be used when there are
questions about specific muscle groups.

Coping with Postural Change
Having assessed the person's posture and having determined
that there are some noticeable variations from what would
be considered normal posture for an elderly person, several
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1. Standing in a normal, comfortable posture.
2. Standing, feet together (narrow base of support).
3. Standing, with one foot directly in front of the other (toe of
one foot touching heel of opposite foot).
4. Standing on one foot.
5. Arm position may be altered in each of the above postures
(i.e., arms at side, over head, hands on waist, etc.).
6. Displace balance unexpectedly (while carefully guarding pa
tient).
7. Standing, alternate between forward trunk flexion and return
to neutral.
8. Standing, laterally flex trunk to each side.
9. Walking, placing the heel of one foot directly in front of the
toe of the opposite foot.
10. Walk along a straight line drawn or taped to the floor; or place
feet on floor markers while walking.
11. Walk sideways and backward.
12. March in place.
13. Alter speed of ambulatory activities (increased speed will ex
aggerate coordination deficits).
14. Stop and start abruptly while walking.
15. Walk in a circle, alternate directions.
16. Walk on heels or toes.
17. Normal standing posture. Observe patient both with patient's
eyes open and with patient's eyes closed (or vision occluded).
If patient is able to maintain balance with eyes open but not
with vision occluded, it is indicative of a proprioceptive loss.
This inability to maintain an upright posture without visual
input is referred to as a positive Romberg's sign.
From Schmitz TJ: Coordination assessment, in Sullivan SB, Schmitz TJ (eds):
Physical Rehabilitation: Assessment and Treatment, ed 2. Philadelphia, FA
Davis, 1988.

questions need to be answered before a plan of care for the
patient can be formulated. Some questions are:
l. Does the patient agree that there is a problem with
his/her posture?
2. Are the postural deformities flexible or fixed in nature?
3. Is the patient suffering from comorbidity? What effect
would correcting the posture problem have on the co
morbidity? Which is more important to the person: the
comorbidity or the posture problem?
4. What is the extent of the person's ability to care for him
self/herself at home?
5. What are the home conditions of the patient?
6. What occupational or recreational activities does the per
son enjoy? Would a correction in posture result in the in
dividual's ability to enjoy them more?
Once you have determined that the answers to these
questions reflect that the person is motivated, willing to
commit to taking charge of the plan of care (with supervi
sion as necessary from a physical therapist), and believes that
he/she can succeed for the most part, it is appropriate to de
velop the plan of care.

THE PLAN OF CARE
Four different postural disorders of primarily muscu
loskeletal origin (commonly seen by this author in elderly
persons) will be used to illustrate how to develop and im
plement a physical therapy plan of care. The postural disor
ders to be discussed are those that occur in hypokinetics, os
teoporosis, cervical spine dysfunction, and degenerative
joint disease. As these types of patients are typically seen in
an outpatient setting in a tertiary care hospital, they rarely
present with a simple clinical problem but rather have sev
eral comorbid conditions.

Case Studies
Hypokinesis
Hypokinesis is a decrease in activity that results in an ac
centuation of the age-related changes that may be seen in
the elder person, such as increased flexed posture, de
creased flexibility, decreased muscle strength, decreased en
durance, and decreased functional ability. Hypokinesis
may occur separately or with comorbidity. Mr. HS is an 85
year-old white male who was first seen in physical therapy
for lower extremity strengthening and aerobic and balance
exercises in July 1986. His past medical history was re
markable for hypertension, tinnitus, and occasional bouts
with syncope. He was able to execute the "get-up-and-go"
test, with mild difficulty getting up and down out of a
chair. He exhibited decreased one-legged stance balance on
each leg but did not exhibit rigidity, cerebellar signs, or
tremor. His home exercise routine consisted of walking
with his wife through his neighborhood and caring for a
very large flower garden. His chief complaint in 1986 was
the difficulty he was experiencing with getting up from a
chair or the toilet and up and down stairs. He was retired
and financially secure and lived with his wife who was 4
years his senior in age.
In November 1990, he reported to his physician that he
was falling more often, had "the shakes" when he ate his
food, and was easily fatigued with just walking from his
home to the garage to get into his car. His wife had died sud
denly in 1988, and in 1989, he remarried. During the past
year he has not been able to do any kind of air travel, which
he previously could do, nor can he play golf. He complained
of being house-bound because he had become so weak and
shaky. He was not able to complete the "get-up-and-go" test
and demonstrated a positive Romberg's sign. He walked with
a shuffling flat-footed gait, taking short steps. Although he
was now using a cane for balance, he tended to walk in a
flexed position reminiscent of an individual with Parkin
son's. His physician referred him to a neurologist for a com
plete work-up, which was only remarkable for symptoms
compatible with 85 years of age.

'. !
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In this particular case, he was described as having hy
pokinesis and referred to physical therapy for a "tune-up" on
his exercise program. Since it was thought that he might also
be depressed, he was referred to a physical therapist who
worked in a sports physical therapy setting, was also trained
with a gerontologic background, and worked with elder ex
ercisers. Mr. HS joined with the group of elders and young
athletes doing exercise in the clinic. While his improvement
physically is slow, his increase in morale has given him some
zest to be more active.
What is important to note here is that the aging process,
along with inactivity and depression, can accentuate the el
der person's decreased functional ability and loss of freedom
to move around. In this case, Mr. HS was carefully matched
in an environment for physical therapy where he might ex
perience success in his physical functioning, however mod
est. Since he loved athletics as a young person, he greatly en
joyed interacting with the young and elder athletes.

Osteoporosis
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Mrs. TB is a 68-year-old white female who is widowed and
has a 35-year history of rheumatoid arthritis. Considering
her numerous upper extremity joint deformities, particularly
the instability of the right shoulder and the left elbow, she
does very well functionally. During the past 10 years she has
developed severe scoliosis of the spine with a right thoracic
and left lumbar curvature. Associated with these changes, she
has degenerative joint disease of the lumbosacral spine in
volving both the facet joints and the intervertebral disks. Her
current medical problems are degenerative joint disease, os
teoporosis, rheumatoid arthritis, scleritis, and hypertension.
Her medications list includes azathioprine (Imuran), dexam
ethasone (Decadron), estrogens (Premarin), medroxyproges
terone (Provera), acetaminophen (Tylenol 3), enalapril (Va
sotec), and ranitidine (Zantac). She has been using some
form of corticosteroid in various dosages for more than 30
years. Her current dosage is 5 mg orally per day, which is con
sidered a maintenance dose.
Her risk factors for osteoporosis are postmenopausal fe
male, white, light skeletal mass, and steroid dependence for
more 30 years. She presented herself to the physical therapy
clinic because of a long-standing patient-therapist associa
tion. Her chief complaint was of localized back pain that
seemed to start at her spine and follow around her rib cage.
She also felt that she was twisting more and was having great
difficulty getting up and down from the bed, chairs, and toi
let. Asked when the symptoms began, she reported that they
had been ongoing for about 2 weeks. The only activity she
could attribute it to was straining to close the door on her
car, which had become caught on a grassy curb.
Anterolateral assessment of her back revealed the dra
matic scoliotic curvature of her spine. Upon visual inspec
tion it could not be determined whether the scoliotic curves
were increasing; however, she did complain of greater diffi
culty breathing, sometimes having sharp, stabbing pain on
forced inhalation and upon coughing. Palpation of her spine

revealed point tenderness at the level of the 12th thoracic
vertebra toward the right side of the spine within the mass of
the sacrospinalis muscles. The pain followed the dermatome
out to approximately the midaxillary line on the right side.
Mrs. TB was unable to bend the trunk to the right or rotate
the trunk to either side because of pain. She demonstrated a
positive straight leg test (Lasegue's sign) on the right.
Given the results of Mrs. TB's evaluation and her history
of steroid dependency, she was referred to her rheumatolo
gist for a medical work-up, which revealed that she had sus
tained a compression fracture of the 11 th thoracic vertebra
on the 12th. She was prescribed bedrest for 3 weeks, with
subsequent home visits from the physical therapist to in
struct her in deep-breathing and bed mobility exercises and
to help her put on a soft spinal corset. Owing to the instabil
ity and deformities of her upper extremities, she was unable
to care for herself and hence stayed with a daughter. She was
gradually progressed to weight-bearing exercises and re
turned to independence.
The significance of this case is that Mrs. TB had more than
one diagnosis that could have caused her back pain. Because
of her osteoporosis, risk factors, the type of event that could
have elicited her pain, as well as the distribution of the pain, a
vertebral compression fracture is a strong alternative diagno
sis that requires confirmation before an appropriate physical
therapy plan of care can be devised or implemented.

Cervical Spine Dysfunction
Mr. MJ is a 63-year-old custodian who was referred to phys
ical therapy with a diagnosis of cervical spondylosis and
radiculopathy to the right upper extremity. Cervical spine x
rays demonstrated moderate degenerative changes in CS and
C6, with anterior osteophytes from the margins of the verte
bral bodies. There was narrowing of the cartilage space of
the facet joints, with sclerosis and osteophytes encroaching
the right neuroforamina of CS and C6.
Upon physical examination of the cervical spine, it was
noted that rotation to the right was limited to 45 degrees.
Forward flexion was within the 'normal limits; however, hy
perextension was limited to 20 degrees, with the presence of
pain and crepitus. Rotation to the left was 50 degrees, with
crepitus. Palpation revealed point tenderness over the cora
coid process and tendon of the supraspinatus on the right.
Postural examination of the cervical spine revealed a for
ward head posture. Mr. MJ reported that he had a history of
migraine headaches and has become addicted to triazolam
(Hakion) and propoxyphene napsylate (Darvocet). His ad
diction is currently being medically managed to get him off
these drugs.
When asked about his job and work style, Mr. MJ de
scribed himself as a workaholic and a perfectionist. He
claimed to exercise his neck every day to strengthen the mus
cles. When asked to demonstrate the exercises, he executed
rapid rotatory motions of the neck as well as rapid flexion
and extension exercises. His upper extremity exercises were
demonstrated at the same velocity.
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Given his diagnosis, forward head, work style, drug ad
diction, and methods of exercise, the treatment plan cen
tered around his taking the responsibility to modify the way
he was working, standing, and exercising. He was instructed
to do long, slow stretching motions of the neck; to perform
shoulder shrug exercises at a slow pace; to assess his work
place; and to pace himself so that he did not mechanically
aggravate his neck. At night he was to use a cervical pillow,
and during the day he was to use a cervical traction unit at
home at least once a day. The traction was attached to his
bed, which allowed him to lie down to do his treatment. Fur
thermore, he agreed to begin a swimming program of aero
bic work to help his arthritis and to reduce stress.
In this particular case, the forward head posture could
not be substantially reversed. Mr. MJ was, however, able to
realize the value of gentle exercise on sore joints, relaxation
techniques, life-style modifications, and aerobic condition
ing. Too often, cervical exercises are performed incorrectly
by the elder person, resulting in greater pain and immobil
ity. Careful attention'to avoid "overkill" in performing the
exercise program can reap significant pain relief.

Degenerative Joint Disease of the
Lumbosacral Spine
Mrs. HJ is a 78-year-old widow who was referred to the clinic
with a diagnosis of degenerative joint and disk disease of the
lumbosacral spine. She also has degenerative disease of the
distal interphalangeal joints of both hands (Heberden's
nodes), the carpometacarpal joint of the right thumb, the
right hip, and both knees. Her x-ray findings of the lum
bosacral spine revealed that she also had diffuse osteoporosis,
discogenic sclerosis between TIl and TI2 and 11 through Sl
disk spaces, abundant osteophyte formation, spondylolisthesis
of L4 on LS, and sacralization of LS-all of which are consis
tent with degenerative joint disease of the spine. Her right
knee x-ray demonstrated degenerative changes in the
patellofemoral compartment with cartilage loss in both the
lateral and medial compartments of the knee. The left knee x
rays revealed mild osteophyte formation and subchondral
sclerosis of the medial compartment of the knee.
Examination of the back revealed a kyphosis of the lum
bar spine, decreased mobility in all active ranges of motion,
bilateral positive straight leg raise signs, pain on palpation
of the central low back region, and pain when asked to hy
perextend the back. Assessment of her functional status re
vealed Mrs. HJ to be a very active 78-year-old person, par
ticularly when one observed her x-rays. She noted that
sitting or standing too long exacerbated her symptoms;
however, if she intermingled rest with activity, she was able
to get many things accomplished during the day. Mrs. HJ is
highly active in managing her arthritis on a personal level.
She is a positive individual with many hobbies, including
having sung for 20 years with an internationally acclaimed
religious choir.
Evaluation of her posture demonstrated that she had a
slight forward head without any concurrent thoracic kypho
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sis, no scoliosis, and a lumbar kyphosis. She had a leg length
difference of 1/2 inch, which was easily corrected by an insole
she wore in her right shoe. She commented that when she
did not wear her orthosis, she noticed that her back would
become more painful. She has been advised to have surgery
in the past but has chosen to use exercise and other means of
conservative treatment rather than take the risk of a surgical
failure.
Her treatment in the clinic included applying heat, per
forming gentle flexion exercises (since hyperextension ag
gravates her symptoms), riding a stationary bike, and in
struction in the use of a home transcutaneous electrical
nerve stimulation (TENS) unit for pain control. Because of
the arthritis in her knees and back, the stationary bicycle had
to be adjusted so that she did not bend forward over the han
dlebars. The seat also had to be raised so that her knees were
extended as much as possible when she peddled the bike. She
was instructed to avoid flexion of the knee to 90 degrees.
Mrs. HJ's case is instructive because a hasty conclusion,
based only on her x-rays, would project a life of severe dis
ability. This serves to point out that all patients have a dif
ferent level of self-efficacy and handle low back pain quite
differently. Because of her mental and emotional outlook
and careful incorporation of energy-conserving techniques
in her daily life-style, Mrs. HJ was able to increase her qual
ity of life, which could have been quite different if she had a
lesser sense of mastery over the impact of arthritis on her life
or if she had avoided consulting physical therapy at the ap
propriate time.

SUMMARY
This chapter has reviewed the posture and postural changes
found in elderly persons. Evaluation and treatment of pos
ture are accomplished by using the generic skills of physical
therapy and adapting them to the elderly patient. What is
most important for the physical therapist to consider and re
member is that not all elderly persons are alike-not all are
stooped forward, and not all are unmotivated to change
their posture. With professional guidance, they can make
changes in their posture that will enhance the positive
process of getting older.
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First, we will define the problem of falls in the elderly from
an epidemiological perspective. Then we will delineate the
multiple interacting factors in falls. Because the contribution
of physiological impairment to falls is particularly impor
tant for the therapist to assess, we will review the role of pos
tural control in instability. Based on the aforementioned in
formation, we will present a strategy for the comprehensive
assessment of the older faller, and finally, we will discuss the
principles of intervention.
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INTRODUCTION
Eyerybody falls. Regardless of age, falling is a ubiquitous
event- experienced by all throughout life. Most falls,espe:
cially in children and young adults, are of minor conse
quence, are readily forgotten, and have no impact on subse
quent function. Falls in the elderly, by contrast, are a majof
cause of morbidity and mortality-the consequences often
extending far beyond minor injury to significant l~
fun1:uOiiiI lnd~£~!!~A~tOan,(Ley.~!.1 death. The reason that
falling-t;comes a major health haz~rd in persons older-than
65 is a result of the complex and poorly understood interac
tion of biomedical, physiological, psychosocial, and environ
mental factors.
The overall objective of this chapter is to provide the
reader with an understanding of the complex issues in the
evaluation and treatment of the older person with instabil
ity. To meet this objective, we will follow a five-step process.
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DEFINING THE PROBLEM OF FALLS
Falls are a major cause of morbidity and mortality in per
sons older than 65. They are the leading cause of death
from injury, a rate that increases with advancing age. In
persons older than 85, approximately two thirds of injury- '
related deaths are due to falls. 1 It is estimated that 30% of
community-dwelling elders older than 65, 40% of those
older than 80 years, and 66% of institutionalized elders fall
each year. There is a greater-than-linear increase in the rate
of falls between the ages of 60 to 65 and 80 to 85.<6 Because
most falls do not result in injury requiring medical atten
tion, it is likely that many falls go unreported and that fall
rates are grossly underestimated..•
Major morbidity from falls includes hip and other frac
tures and serious soft tissue injuries that require immobi
lization or hospitalization. The J!l.~jori of falls in the el
derly, however, result in minor or no injury. 70, Regar ess of
injury severitj,seqll.elaeIro-riieven a benign fall can be dev
astating, A single fall often results in a fear offalling, which
leads to a loss o~~bility to perfOrm rou
tine tasks, restriction in activities, social isolation, and in
creased dependence on others.69 The~ilecoAdition
ing, joint stiffness, and muscle weakness that result from
immobility can lead to more falls and further mobility re
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striction. 35•44 Fear of falling can also affect those with im
paired mobility who have not fallen, leading to similar se
quelae of restricted activity, social isolation, and increasingly
greater dependence. 9 •68
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such that a significant degree of physiological function can
be lost long before clinical symptoms appear. In the older
adult, functional reserve is markedly diminished, and the
threshold for clinically observable loss of function is low
ered. For the older faller, it may be that redundant functions
Risk Factors
within the postural control system are lost gradually. As
Seriousness of the consequences of falls coupled with the
losses accumulate, a critical threshold is reached, and clinical
recognition of falling as an escalating problem in an aging
signs and symptoms such as falling and instability are
observed.
population has prompted many investigators in the field of
geriatrics to examine risk factors associated with falls. The
The second important axiom is that aging is heterogeU.S. Public Health Service estimates that two thirds of falls
neous. Variability between individuals increases with age,
by the elderly are potentially preventable.
and the discrepancy between biological age and chronological age widens. It is therefore difficult to examine the effect
Identification of significant risk factors is an important
step toward fall prevention. Risk factors associated with falls
of age on anyone physiological system because individuals
have different combinations of subtle and interacting
can be classified as either intrinsic (host) or extrinsic (envipathologies.
ronmental).49 Host factors include symptoms such as dizziness, weakness, difficulty walking, or confusion, whereas enThird, an elderly' persog's functiog mar represent Inote Ol
vironmental factors include conditions such~ry
less than the sum of losses in his/her physiological syst~.ms.
surface, loose rug, poor Ii tin, and obstacles. Tinetti and
FUncfionlsllkelytobe maintained when only one sensory
colleagues115Uii
at mtrinsic factors suc as sedative use,
component is compromised. IS When additional subtle losses
cognitive impairment, lower extremity disability, palmooccur across other domains, e.g., central processing or effec
mental reflex, and foot pr()blems increase the likelihood of
tor, compensatory capacity may become compromised and
function lost. In other words, function is the outcome profalling in community-dwelling elders older than 75.67 Not
s~~si~e likelihood of falling increases as risk facto:,s
duced by the integration of the s stem's h siolo ical com
ponen s.
eIl~s!!!g!~componentjs lost, functiol1Cai.'il3e
accumulate. Overwnerniiiignli~:dlCiiI or environmental
~such as stroke, syncope, or slipp~on the ice account
maintained by compensatory mechanisms through other
for a very small percentageoffaifs in the elderly and are usucomponents. When multiple subtle losses accumulate across
ally eliminated from falls rate and risk factor analysis. La.a
other components, compensatory capacity may become
and co-workers found that intrinsic factors such as dizziness,
compromised. It is therefore critical when interpreting diag
weakness, difficulty walking, and confusion accounted for
nostic and physiological information to examine integrated
45% of falls in community-dwelling elders, whereas slippery
measures of functional performance to understand the func
surfaces, loose rugs, loose objects, or...R0or lighting actional consequences of physiological losses.
Finally, the consequences of impaired mobility and poor
counted for 39% of falls.2~ost falls'in the elderly, how-_
ever, it is difficult to distinguish between those that are inbalance in the older person may vary depending on his/her
~~~9~~~d..t:::<trinsically precipitated. It IS
e
ocial, emotional, and behavioral resources. A strong social
falls are a result ofthe-compfexinteraction of host and envisupport network and sound judgment in risk-taking behav
ronIIleE.t'!Lf~S.lQri~~~·65B~!!i~Ystemfailure·ca;1~--;e~-~~'s",:-·:t0or may mitigate the effect of poor balance control and re
thresholdf~_~Ilvir2IlIl1entally ereciEitated falls. In the 80. duce falls risk.
year-<i!c!Jliabetic persQn.:w:iilis,e~re osteoarthritis of the hip,
peripheral neuropathy, and failing vision, the likelihood of 
MULTIFACETED ApPROACH TO THE
tripping over a carpet edge or raised threshold increases dra
FALLS PROBLEM
matically.
Falls themselves are a heterogeneous phenomenon. Falls rep
Aging Theory: Concepts Pertinent to Falls in the
resent a failure of the body to remain upright but do not
necessarily signal a disruption in the integrity of the postural
Elderly
control system. For some, a fall or series of falls may be a
While it is useful to identify potential markers of physical
frailty that may contribute to falls risk, one must be careful
marker of an acute illness or other overwhelming medical
not to simply treat a "laundry list" of host and environmen
event. For others, a fall or falls can occur in the presence of
tal conditions with the hope that falls risk will diminish. The
extreme environmental conditions or unusual activity. In
reason for this is that the process of aging itself is a complex
most cases, however, falls represent the failure of the person
event; several important axioms in gerontology should be
with impaired functional capacity to meet the intrinsic and
considered in the comprehensive evaluation and treatment
extrinsic demands of mobility within specific environ
of the frail older person. 6I
ments.44 In general, as one ages, falls risk shifts from being
The first of these axioms is the notion of functional re
spread out over many diverse activities, situations, and envi
serve. Functional reserve refers to the excess or redundant
ronments to being focused on basic movements required for
routine dailyactivities. 46 •48
function that is present in virtually all physiological systems
k
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PROBLEMS AND PROCEDURES
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ecologic
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functional
inputs

physiologic
inputs

FIG. 18-1 Four approaches to the assessment of falls. (Adapted
from Studenski S: Falls, in Calkins E (ed): The Practice afGeriatrics,
ed 2. Philadelphia, WB Saunders, 1992.)

(The pathophys9.0gical component of geriatric falls ass~~r identification of deficits in postural con
trol that contribute to instability. Components of the pos
tural control system that are assessed include sensory;
effector (strength, range of motion, biomechanical align
ment, flexibility); and central processing. Current postural
control theory as outlined in the next section of this chapter
forms the conceptual basis for the physical therapist's assess
ment and treatment of tKe~riatric faller.
Finally, thefu~~tional cgoltponents of the assessment al
h~~"'examiner t{)Identify important routine movements
with which.the patient has difficulty. These movements rep
resent the integrated function of the postural control system
and signal how the "output" of the system is affected by
deficits in its components.

POSTURAL CONTROL THEORY

Physiology ofBalance
Adequate postural control requires keeping the center of
Because of the complexity of falls themselves and of ingravity over the base of support during both static and dy
namic situations. The body must be able to respond to transterpreting falls risk, a multifaceted approach to examining
the falls phenomenon in the geriatric patient is useful.
lations of the center of gravity voluntarily imposed, e.g., inStudenski suggests four approaches to assessing the falling
tentional movement, and involuntarily or unexpectedly
syndrome in the geriatric patient: ecological, biomedical,
imposed, e.g., slip, trip.
physiological, and functional (Fig. 18-1).58 The ecological
Physi~jlly speaking, how does the body maintain
balanceLrurst, a person must continually acquire informa
approach focuses on the extrinsic components of a fall event,
i.e., the interaction between the organism and the environtion about the body's position and t~.·
.~.
in space. This
is done through the sensory system.@~<:9JlEf. the body must
ment. A fall can occur in the presence of an unusual envidetermine, in advanc~~effective '~d timely response
ronment, e.g., icy surface, in a person with minimal impairment. A fall can also occur in a mildly impaired person
(central processing).~d third, the body must carry out that
attempting to negotiate a gravel pathway in unfamiliar terri- " response via the effector system (strength, range of motion,
tory. Or a severely impaired person may fall wlille walking irf
flexibility, endurance).
.
his home. Such an approach allows the examiner to assess~n,~?!Y..~ta$ritical to balance are provided primarily
from visual, vestibular, and somatosensory systems. Vision
the contribution and potential modification of environmenhelps to orient the body in space by referencing vertical and
tal factors i~vents.
rneT5iOIi'i1'gi~omponent of the assessment focuses on
horizontal axes of objects around them. In standing, vision
helps to detect slight postural shifts ,by providing informa
med'it:ttevents that are potentially contributory to falls. It is
important for the practitioner to identify acute and chronic
tion to the central nervous system (CNS) about the position
diseases that result in instability. For example, acute illnesses
and movements of the body parts in relation to each other
and conditions such as electrolyte abnormalities, infections,
and the external environment.
drug side effects, dehydration, orthostatic hypotension, blood
Components of ~~n that are clinically important to
consideI:..iw;lude (l~y, (21' cQntr.as.! sensitivi!i)(31 pe
loss, and hypoxemia can all cause weakness, lightheadedness,
ripheral vision').nd (4) ~epth perceptiOii.:Acuity refers to~t1ie
and falls. The possibility of an acute process in the chronic
faller can be signaled by a sudden, unexplained change in fall
ability to detect subtle differences in shapes and letters,
whereas cqntrast sensitivity is the ability to detect subtle dif
frequency. Diseases that cause falls can be classified by organ
system. For example, cardiovascular conditions include arferences in shading and patterns, e.g., the ability to discrim
rhythmias, aortic stenosis, and carotid sinus sensitivity. Neuinate steps covered with a heavily patterned carpet. Periph
romuscular diseases such as cerebrovascular accidents
eraf vision is the ability to see from the side while looking
(CVAs), seizures, Parkinson's disease, myelopathies, cerebelstraight ahead~ and depth perception is the ability to distin
lar disease, normal pressure hydrocephalus, brain tumors,
guish distances. '
myopathies, peripheral neuropathies, and vestibular disease
'-The vestibular system also provides key sensory data for
bal-aDce control. This system provides the CNS with informa
can also cause instability and falling. While it is relatively rare
for a single diagnosis to account wholly for falls in the gerition (via the otoliths and semicircular canals) regarding head
movement and position. Vestibular input is used to generate
atric patient (with the exception of Parkinson's disease), this
approach is useful for identifying treatable disease compocompensatory eye movements and postural responses during
nents of the falls syndrome.
head movements and helps to resolve conflicting information
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from visual images and actual movement. Information from
sensory receptors in the vestibular apparatus interacts with
visual and somatosensory information to produce proper
bo~y_ alignm~~Il!and postural control.
so~osensa~s the third important input to the sen
s~sYsfenfr6r ance control. Proprioceptive inppt pro
vided to the CNS by joint, tenaO'n, and muscle receptors
gives information regarding the motion of the body with re
spect to the support surface and motion of the body seg
ments with respect to each other.
_Sen~.sl{,L~~form~tion""'provided from visual, vestibular,
andsOmatosens6tf systems is somewhat redundant in bal
ance control. Blind people can stand and walk without los
ing balance. Nevertheless, it is well-documented that in the
absence of diagnosable disease, visual (especially contrast
sensitivity),1B vibratory, and proprioceptive input are com
monly diminished in the older adult. 31 ,37 Specifically, Lord
and colleagues found that clinicallClss of c'Oirtrast .sensIti~it'
was associated with a' higher incidence of falls in older
adults. 32 Thus, redundancy in sensory input maybe'com
promised either as a result of aging alone or as a result of
subclinical disease processes to which older adults are par
/"":') ticularly prone. 23 ,76
~_" Central processing is the second major physiological
'"
co~pollentot[iaJa:nce-co1itrol. It can be regarded as the
process of "setting up" the postural response. Horak and
Nashner's systems approach to balance control proposes that
the central nervous system maps the location of the center of
gravity and adaptively organizes its response to disequilib
rium by preprogramming postural sensorimotor strategies.
The preprogrammed strategies are based on the body's bio
mechanical constraints, available sensory information, the
nvironmental context, and prior experience. 22
In simpler terms, the CNS receives sensory information
provided by the visual, vestibular, and somatosensory sys
tems; processes it in the context of previously learned re
sponses;"and executes a corrective automatic postural re
sponse that is guided by or expressed through the
mechanical structure in which it sits. Automatic postural re
sponses are sometimes referred to as long loop reflexes that
occur at latencies of approximately 100 to 120 msec in nor
mal young adults. They are distinguished from stretch
(monosynaptic) reflexes, which occur rapidly (at about 50
msec) in a very stereotypical pattern, and voluntary move
ment that is not stereotypical and occurs at latencies of at
least 150 msec. Automatic postural responses are elicited in
both feedback and feedforward situations. Feedback refers to
,situations in which the body is perturbed by an external
,event, such as slipping on a rug, tripping, or being pushed.
The center of gravity is displaced, and the CNS, based on the
, sensory information it has received, sets up a pjlS1l.u:aLJ:e.::....
,J,sponse ~ bring the center of gravity back over the base of
support. ,kesponses can be either protective or corrective.
~ard'descrIbes a situation in wIifCIillieCJ:\fS-sets up~
postural response in anticipation of a disturbance of the
center of gravity, such as catching a ball or simply raising the
arms. The movement of reaching to catch a ball is a volun
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tary displacement of the center of gravity, but the automatic
postural responses must precede the voluntary movement in
order to stabilize the center of gravity and allow the move
ment to take place.
Research in automatic postural responses has focused on
neurophysiological responses to postural perturbations in_
feedback paradigms. Movable platforms have been used to
createperturbations (forward, backward, or rotatory) as the
patient stands in his/her normal stance. In this paradigm, the
os~al rc:~ons,e.to.!~~
base of support is displaced, and
store normal upright alignment is
. Using electromyo
graphy (EMG), muscle responses to such perturbations hav~
been identified. The primary variables ~~d_are l~en~
(time to muscle response)aiid sequence (theoro~w1Uc1i
muscles respond). Based on his original work in this area,
Nashner has proposed a model to interpret postural re
sponses using this paradigm.40.43 Though recent research in
this area suggests that postural response mechanisms are
more complex: than originally proposed by this model, it does
provide a framework from which to understand postural re
sponses better. Nashner describes three basic strategies as
"normal" responses to unexpected postural perturbations:
1. An ankle strategy is used with relatively small distur
bances of the base of support. The center of gravity is
perturbed backward or forward, and the body moves as
a relatively rigid mass about the ankle joints, like an in
verted pendulum, to bring the center of gravity back
over the base of support. The latency is approximately
100 to 120 msec for healthy young adults, and the typ
ical muscle sequence follows a distal-to-proximal pat
tern of lower extremity activation. For example, a for
ward movement of the platform induces a posterior
displacement of the center of gravity, similar to a slip
on a rug. Because this perturbation is relatively mild on
a wide stable base of support, the response is subtle,
and corrective movement occurs primarily around the
ankle joint. In a typical healthy young adult, the tibialis
anterior would be activated first (about 100 msec), fol
lowed by a quadriceps response as the center of gravity
is pulled back over the base of support. A perturbation
in the opposite direction (induced forward sway)
would stimulate a gastrocnemius-hamstring response.
2. For more forceful perturbations or for perturbations
that occur while a person is standing on a narrow or
unstable base of support, a hip strategy is typically seen.
In this response, primary movement occurs at the hip
(flexion or extension) as the center of gravity moves
rapidly back and forth over a relatively short distance.
Instead of distal-to-proximal sequencing, the reverse is
typically seen, i.e., a proximal-to-distal pattern.
3. The third major classification is the stepping strategy,
which occurs in situations in which the center of grav
ity is displaced beyond the limits of the base of sup
port. A stepping or stumbling strategy is necessary to
regain equilibrium because neither the ankle nor hip
strategy is sufficient to move the center of gravity back
over the base of support.
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Investigation in this area has expanded immensely during
the past decade. '!{ecent studies stress the impgrtance of

.'.
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edial-Iateral stabilii}7ill a(t(lltion to ante~oposteri.or stabil.
Impairment
of responses . to mediolateral perturbation
-_ .. ,
m be more strongly related to falls than anteroposteri<n
. :esponse abnormalities in older adults. McIlroy and Makl
have shown that older adults tend to take multiple steps to
recover from unexpected perturbations, with the later steps
usually directed toward recovering lateral stabilitY- 59 In addi
tion, kinematic analysis of postural responses and of actual
falls demonstrate that arm movements are critical compo
nents of the postural response. Apn,movements can COIL
tribute to stability by altering the center of mass (compen
s~tory move~ent), grasping, or protedingagaTnst inluiy.36;5o
Examination of EMG responses along the axial Skeleton
to the neck during postural perturbation show that normal
postural control mechanisms as evaluated electromyograph
ically are more complex and variable than originally postu
lated in the Nashner modeP7 Keshner found that response
patterns do not always ascend in a distal-to-proximal se
quence, even to subtle perturbations. 26 She postulates that
sequences vary because muscles are activated either by a
combination of inputs from different sensory components
(vestibular, visual, neck proprioceptors) activated by the per
turbation or by proprioceptive inputs at each joint. It ap
pears that people have distinct muscle response patterns but
that response patterns are variable among individuals. Her
" work suggests that th~~NS iliQulc!:p1:py~~e.~~I!!ple,alterna-
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of postur.
al stability.
The keyand
to
s'.v..e.s.
~~ss.!n.!11'i1intaining
balance
is to . develop
adaptable
fl' 'ble strategi~s that will meet the demands of a com
.~ !!ie-aiid const3ntlychanging environment: Mairfinvesti
'g.llOIsnave examined the effects of age"an..post.w:al. re
!sponses. 24 ,33,34,37,55,77,79 While distal-to-proximal sequencing in
response to platform perturbation--appeardo~
dominant pattern, a higher incidence of ProXl~--distal
sequencing in the 'older adult has been obse d:" igher
Inddence oJc~:cQnffacdO.rdn antagonIst
p~ has
also been observed. Such altered. sequencing may' Indicate
compromised postural control in the older adult.7 8 9tll.et:
tudies have shown similar variability il) response patterns in
healthy older adiilts and'older fallers' alike. 59 It is thus not
clear exactly what significance EMG sequence has in the pos
tural response of the aging adult.
Findings from studies of response latencies have consis
f tendy demonstrated delays of approximately 20 to 30 msec
! in the healthy older adult. 56,59,77,78 It has been postulated that
specific timing, if delayed sufficiently, may significantly af
fect one's ability to produce an effective response. Thus, in
\I ability to fire fast enough, regardless of activation sequence,
! may be a significant factor in the patient who presents with
instability. Studenski and colleagues reported evidence of
.delayed latency in older fallers when compared with age
f matched nonfallers. Latencies are not only delayed in the
hea~hy older adult but are even further delayed in the older
pen)im with a history of unexplained falls. 59
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In summary, the variables of sequence and latency are
used to describe central-processing mechanisms in both
~.Jeedback and feedforward paradigms,_Ihe relationship be
/""\ tween responses to artificially imposed perturbations and
, rt!Sponses to balance disturbances in everyday life is not,
..;('-nown. Nevertheless, it would appear that a patient with
~ignifican,tly delayed latencies or a patient who demon
'strifes co-contraction instead of an organized distal-to
proximal or proximal-to-distal response to a platform per
turbation is likely to also respond ineffectively to mild or
inoderate center of graVity displacements during functional
activities. The CNS should be able to provide multiple al
, ;ernatives for attaining the single goal of postural stability.26
hhe key to successful balance control is to develop adapt
able strategies that will meet the demands presented in a

IZ:le~>~,vi~onment.
,TIle third",.~jor physiological component of balance is

,

'. ector component, which constitutes the biomechani

j cal apparatus through which the centrally programmed re

I

sponse must be expressed. Factors suchas range ()f motion,
II mEscle
torque and power,"'posturifalignmen!, '!119.~.
...
durance can all affect the capacity for a person to effectively
respond to a dIsturbance of balance. Studenski determined
that elderly fallers produce significantly weaker distal lower
extremity torque than healthy older adults,59 Similarly,
Whipple and colleagues found that nursing home residents
with a history of recurrent falls demonstrated diminished
torque production of both the ankle and knee.72 The ability
to generate ankle torque rapidly is also a key factor in bal
ance recovery and can be diminished in the older adult. 63
Thus, sufficient muscle power of the lower extremity mus
cles is a key element in effective balance controL
Less is known about the influence of joint limitations on
righting reactions and falls. Back extension and neck range
of motion may be reduced and arthritis more common in el
derly fallers. 67 Intuitively, sufficient flexibility in the mechan
ical structure is needed for effective execution of the balance
response. Loss of flexibility may lead to a less efficient or in
effective response strategy. 51

Summary: Influence ofAge on Postural Control
The aging process affects all components of postural con
trol-sensory, effector, and central processing. In the sen
sory system, visual acuity, contrast sensitivity, and depth per
ception worsen with age. Changes in the vestibular-ocular
reflex are consistent with age-related peripheral anatomical
changes in the vestibular system. Mild proprioceptive and
vibratory sense loss have also been demonstrated in older
adults. In the effector system, joint stiffness and loss of range
of motion occur as a result of age-related degenerative
changes in the joints themselves. ~clines in muscle strength
with age ~~~~ed with decreases in the size and num
ber of muscle fibers. iiicreaSE'd stiffness' in connective tissues
in generaniKelfcontdbutes to age-related losses in joint
range of motion and flexibility. In the central processing
component, general slowing of sensory information pro
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cessing coupled with slowing of nerve conduction velocity
may contribute to the observed 20 to 30 msec delay in onset
(latency) of automatic postural responses. Other manifesta
tions of age-related changes in central processing include in
creased incidence of proximal-to-distal sequencing, in
creased incidence of co-contraction of antagonist muscle
groups, increased static sway, and increases in the number of
steps required to recover balance after p~rtutbation. In the
aging adult, it is aiffftufftorustinguish pure age effeCts from
effects of the subtle subclinical diseases and life-style
changes that accompany the aging process. Nevertheless, it is
important to understand that subtle changes in any single
component of the postural control system are not likely to
be sufficient to cause postural instability. Redundancy in the
system can guard against subtle losses in any single compo
nent. Accumulation of mild deficits across multiple compo
nents of postural control, however, may diminish the com
pensatory capacity of the system, leading to a lowered
threshold for instability.

Relationship Between Postural Control and Falls:
A Model
It is clear from the previous discussion that the issue of bal
ance impairment and falls is a complex and multifaceted
problem in the aging adult. With the exception of overA ' ,f whelming medical or environmental events, falls in the el
6
\ "", I 'der.1;:,usually occur in those with physical impairment. ,25,54

EXAMINATION AND EVALUATION
Comprehensive assessment of the older faller requires a
multidisciplinary team effort, of which the physical therapist
is an integral part. Other members include a physician, a so
cial worker, a nurse, and possibly a psychologist or coun
selor. Medical screening crucial to the evaluation process in
cludes (1) examination of the patient's current and past
medications for potential interactions and side effects (hyp
notics, sedatives, tricyclic antidepressants, tranquilizers, and
antihypertensive drugs have all been associated with falls
and instability)5,7.49,67 and (2) identification of medical con
ditions that may contribute to unsteadiness (focal neurolog
icallesion, cardiovascular conditions, orthostasis); diseases
manifesting with balance disorders; and metabolic causes of
instability. The social worker or psychologist can gather in
formation from the patient and family about social and fi
nancial resources, depression, cognitive function, and family
dynamics. The physical therapist gathers information about
impairments in the postural control system and about func
tional performance deficits that contribute to the person's
disability. Successful management of the geriatric faller,
then, is based on input from all sources of the evaluation.
How should you approach the older patient referred for
instability and falls? Because of the complex nature of the
problem, a systematic approach to the evaluation procedure
is useful (Box 18-1).

Vet the relationship between physical impairment ~:iJ.d falls is

~ not linear. Factors outside of physical function-psychQso
cial, cognitive,"efiViron;;enfai~an modify the risk of
falling in persons with severely impaired mobillty.62 Thus,
physical impairment may be a necessary but not sufficient
condition for falling.6!
--,At thehighestlevels of physical mobility and balance con
trol, falls risk is very low. At very low levels of physical mo
bility and balance control, falls risk is also low becau~e t1\e
person is unable to displace his/her center of gravity{ The r~
lationship between falls risk and physical impairment be
tween those two extremes is not clear. In a person with mod
erately impaired mobility, the risk of falling may be modified
if he/she has social support to help with risky tasks . .AJl~
son's risk-taking behavior can also affect his/her falls'ris.k.Jf..
a person recognizes that he/she is at risk for falling in a par
ticular situation and modifies his/her behavior, falls risk will
be minimized. If, on the other hand, he/she recognizes the
risk of falling butprefers to take the risk' by performing the
task, the risk of falling is heightened. An9ther important
consideration is that improved physical function may not
necessarily reduce falls risk but may simply alter the types of
activities during which falls occur. Finally, cognitive impair
ment can include a loss of judgment in risk-taking behavior
and has been strongly associated with falls risk. 67
Comprehensive assessment of the older faller must in
clude riot only evaluation of pjlysiol~gical impairments and
physical performance deficit{but also\m assessment of cog
nitive, behavioral, environmerrtar;and social factors.
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I. Falls history
A. Onset-sudden vs. gradual, frequency
B. Environmental factors
C. Activities at time of fall
D. Presence of dizziness, vertigo, lightheadedness
E. Current medications, past medications
F. Direction of falls
II. Etiological assessment
A. Sensory
1. Vision
2. Proprioception, vibration
3. Vestibular
B. Effector
1. Strength
2. Range of motion, flexibility
3. Endurance
C, Central processing
1. Feedback
2. Feedforward
3. Re~'Ponse to changing conditions
III. Functional assessment
A. Standing reach
B. Mobility skills
C. Varied conditions of performance
IV, Environmental assessment
A. Functional horne assessment-interaction of patient and
horne
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It is useful to have a clear idea of the patient's perception of
his/her unsteadiness problem before gathering other rele
vant historical information. Knowing how the unsteadiness
is primarily affecting the patient or family member provides
a useful framework from which to proceed with the evalua
tion. It is important to gather specific information regarding
the patient's falls, such as onset of falls, environmental con
ditions, activities at the time of falls, direction of falls, and
medications. For example, it is useful to know whether the
onset of falls is sudden (acute medical condition) or gradual
(slowly deteriorating compensatory mechanisms). In addi
tion, it is important to know what environmental conditions
are associated with falls. Was the fall inside the home (con
sider factors such as lighting, chair height, steps) or outside
the home (review factors such as unfamiliar territory, un
even surfaces, more vigorous activities)? Finding out about
the activity at the time of the fall can give insight into how
much the postural control system was being stressed. The
presence ofvertigo or dizziness at the time of the fall can sig
nal a circulatory or vestibular function problem. Informa
tion regarding the direction of falls (forward, backward, to
the side) is useful because reproducible circumstances of
falls may signal specific postural control deficits. Finally, the
patient's current and past medications should be noted for
their possible contribution to unsteadiness, e.g., antidepres
sants, sedatives, tranquilizers, and antihypertensives.

Etiological Assessment
. The etiological assessment allows identification of deficits in
the sensory, effector, and central-processing systems that
may contribute to the falls problem.
Sensory
Sensory examination should include vision, vestibular, and
somatosensory systems. Important aspects of vision to con
sider include acuity, contrast sensitivity (ability to discrimi
nate fine details in a cluttered environment), peripheral
fields, aH4. depth perception.
{ .Acui~,1>eripheral fields, and depth perception can be eas
il}rstfeened in the clinic. For acuity, having the patient read
a pocket-size Snellen chart (Fig. 18-2) can give a quick gross
estimate of his/her ability to discriminate fine detail. A score
of 20/200 may signal that vision is contributing to the pa
tient's instability. For peripheral fields, the examiner brings
his/her fingers from behind the patient's head at eye level
while the patient stares straight ahead. The patient identifies
when he/she first notices the examiner's finger in his/her side
view. A significant field cut unilaterally or bilaterally would
be noteworthy. For depth perception, the examiner holds
hislher index fingers parallel and pointing upward in front
of the patient at eye level. As the examiner moves his/her fin
gers apart (one forward, one back), the patient identifies
when the fingers are back together (parallel). If the patient is
off by 3 inches or more, then depth perception may be a
problem. Examination of existing lenses may also be useful.

1

SNELLEN CHART (hold card in good light
14 in. from eye)
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FIG.18-2 Pocket-sized Snellen chart for gross visual acuity
screening.

Bifocals magnify objects and can be very disorienting during
activities such as stair climbing and descent .
/V~s~ular function should also be assessed. Vestibulooc
rlhrrand vestibulospinal reflexes are critical in balance con
trol. Vestibulospinal input is particularly important for
maintaining upright body position during movement. Be
cause of the complexity of the pathway, few good clinical
tests of vestibulospinal function exist. Vestibuloocular tests
are therefore used more frequently to assess vestibular func
tion. Vestibuloocular function can be tested by having the
patient maintain gaze on a fixed object, e.g., examiner's fin
ger, while he/she turns his/her head rapidly to the right or
left. Normally, a person should be able to maintain gaze
without difficulty. In the presence of vestibular dysfunction
the patient's eyes will move off target and will make a cor
rective saccade to regain fixation. Other clinical tests of dy
namic stability that grossly assess integrated vestibular func
tion include (1) reading a book while walking or (2)
marching in place with eyes closed. In the first test, the pa
tient should be able to read while walking without losing
balance. The patient with vestibular dysfunction will be un
able to maintain visual fixation on the reading material and
move at the same time. Marching in place with the eyes
closed is also difficult for the patient with a vestibular lesion.
When asked to perform this test, he/she will deviate
mark~ from~h~er initial position. 21
/"'Somatosensory examination includes proprioception and
~1Soth should be assessed in a distal-to-proximal se~
quence. A patient with normal proprioception should be
able to detect very subtle motion of the great toe (less than 5
mm). Vibratory sense can be assessed by placing a tuning
fork at the first metatarsal head. If vibratory sense and pro
prioception are present distally, there is no need to proceed
proximally.
The Sensory Integration Test (SIT) developed by
Shumway-Cook and Horak can also be used clinically to as
sess the influence of vision, somatosensation, and vestibular
function on standing balanceY The SIT includes a series of
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six tests under varying sensory conditions during which the
patient is timed and standing balance is assessed. Visual, pro
prioceptive, and vestibular inputs are manipulated in vari
ous combinations to provide six different sensory condi
tions. It is important to note that as sensory conditions
change, the expected response also changes. That is, under
conditions of diminished sensory input, increased sway is
anticipated. The patient with severe joint motion loss or
weakness may be unable to maintain his/her balance under
the conditions of increased sway. This patient may not have
a problem with sensory integration but rather with a faulty
effector system that is unable to execute a sufficient motor
response to maintain stability under those conditions. While
the SIT cannot identifY specific causes of balance dysfunc
tion, it can be useful in identifYing conditions under which
the patient may have difficulty. Technologically sophisticated
versions of the sensory integration test, referred to generi
cally as dynamic posturography, are available commercially
and provide information about balance performance under
different sensory conditions.
Effector
Effector components that should be evaluated are strength,
range of motion, and endurance.
Strength. Traditional methods of manual muscle testing
may not provide the most useful information with regard to
balance control. This is especially true in muscle groups for
which large displacements and fast, forceful movements are
required, i.e., quadriceps, hamstrings. Isokinetic testing of
the quadriceps, hamstrings, dorsiflexors, and plantarflexors
at both slow and moderate speeds gives a more accurate pic
ture of the patient's torque-generating capacity under differ
ent conditions. A patient who can produce sufficient torque
at very slow speeds but has difficulty generating torque at
faster speeds may have difficulty generating torque quickly
enough to produce an effective postural response. 63 In the
more proximal hip and trunk muscles, whose primary func
tion is stabilization, an isometric muscle test may be more
appropriate.
Range ofMotion. Measurement of range of motion and
flexibility using standard goniometric methods is an impor
tant component of the etiological evaluation. Important
musculoskeletal regions to be assessed include ankle, knee,
hip, trunk, and cervical spine. While it is not known to what
extent limited flexibility contributes to instability in the frail
Older adult, it is clear that a patient with severe limitation of
trunk, neck, or lower extremity motion will be constrained
by the biomechanical apparatus through which his/her pos
tural response must be expressed. The variety of postural re
sponse strategies that are required to function in a complex
environment may be restricted as a result of a stiff body
segment.
Endurance. Another effector component to consider in
overall stability and function is endurance. A patient may be
able to generate adequate force during a few repeated con
tractions but may have difficulty during tasks that require

continued efforts. One useful quantitative test for assessing
endurance in frail older adults is the 6-minute walk. In this
test, the patient walks up and down a premeasured walkway,
e.g., a hospital corridor, at his/her normal pace for 6 min
utes, resting as needed. The distance covered after 6 minutes
is recorded. ll ,19

Central Processing
Central processing can be grossly assessed in both feedfor
ward and feedback situations. The examiner looks for (1) the
effectiveness of the patient's response to induced, unex
pected perturbations (feedback) and (2) the ability of the
patient to maintain stability during movements that inten
tionally displace the center of gravity (feedforward). It is im
portant to note, however, that responses to such tests repre
sent integrated function of the postural control system and
not just central processing. Because responses are ultimately
expressed through the effector system, an ineffective re
sponse to a perturbation may be the result of weakness or
stiffness rather than faulty central processing.
A simple semiquantitative method of testing responses to
induced posterior perturbation is the Postural Stress Test
(PST).7 5 In this test, motor responses to postural perturba
tions of varying degrees are measured during normal stand
ing using a simple pulley-weight system that displaces the
center of gravity behind the base of support. The PST mea
sures an individual's ability to withstand a series of destabi
lizing forces applied at the level of the subject's waist. Scor
ing of the postural responses is based on a nine-point
ordinal scale, in which a score of 9 represents the most effi
cient postural response, and a score of represents complete
failure to remain upright. Mild perturbations should require
minimal response (corresponding to a score of 8 or 9),
whereas larger perturbations may require a stepping strategy
(corresponding to a score of 4,5, or 6), Studies have shown
that healthy elders demonstrate effective balance responses
during this test but that elderly fallers are likely to show in
effective responses (corresponding to scores of 0, 1, or 2).8
The test is useful in grossly assessing the patient's capacity to
withstand mild, unexpected perturbations. An alternative to
the PST is a simple manual test that can be performed in any
clinic setting. In this test, the therapist stands behind the pa
tient and pulls him/her backward at waist level several times
with varying degrees of force (mild to moderate), The ther
apist looks for the appropriateness of the patient's responses
to a given level of perturbation. For example, the patient
should be able to maintain upright stance using minimal
postural response (ankle dorsiflexion only) when the pull
backward is very mild. With a more forceful pull backward,
the patient should be able to recover his/her balance using a
hip or stepping strategy. The patient who cannot execute an
effective response will require intervention by the therapist
to keep from falling, Similarly, the patient who requires mul
tiple steps to recover balance when given a very mild pertur
bation will likely lose his/her balance with more forceful bal
ance disturbances.

°
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Feedforward postural responses can be assessed by having
the patient perform voluntary movements that require mild
to moderate displacements of his/her center of gravity. For
example, in his/her normal standing position, asking the pa
tient to raise his/her arms in front of him/her requires sub
tle postural stabilization by the lower extremity and trunk
muscles in preparation for mild displacement of the center
of gravity caused by arm raising. Varying the speed of the
task can give further information regarding the patient's
ability to organize his/her preparatory postural responses in
a timely fashion. Catching a ball thrown slightly off center,
slowly, then faster, is an example of a higher-level feedfor
ward task that further stresses the postural control system.
Reaction time is another element of central processing
that may be useful to assess. Tests involving simple lower or
upper extremity movements in response to a light cue are
examples of reaction time tests and may be abnormally
slowed in the older faller. 45 • s7 Patla and colleagues developed
a lower extremity reaction time test in which the subject
takes a step forward, backward, or to the side in response to
the appropriate light cueY This task may be particularly rel
evant in the older faller because it requires movements that
are initiated to avoid collision and potential falls and re
quires weight transfer to the other limb before the initiation
of movement. Total reaction time in this test reflects the
process of stimulus detection, response selection, and plan
ning and movement execution.

Functional Assessment
While identification of defective components of the postural
control system can help to guide specific treatment plan
ning, more critical is the assessment of the patient's func
tional performance. It is during this part of the evaluation
that the therapist must determine how specific deficits in the
system affect the patient's overall function. Given a signifi
cant level of hip abductor and hip extensor weakness, for ex
ample, one would expect the patient to demonstrate insta
bility during activities such as walking, stair climbing, or
rising from a chair. If the patient's balance problems are not

manifested during those activities but rather during simple
reaching tasks or when turning to change direction, then hip
weakness may not be a key component of the patient's insta
bility and may not need to be addressed in treatment. A se
ries of progressively challenging mobility tasks can be used
to screen for functional balance deficits. The progressive mo
bility skills protocol takes the patient through a series of in
creasingly complex tasks from sitting unsupported to stair
climbing (Table 18-1).60 Failure to perform a task at any
point during the test theoretically precludes further testing.
Overall performance can be scored and used as baseline in
formation against which to measure change. Performance
on individual tasks in the protocol can be used to identify
specific functional deficits that can be addressed in treat
ment. Other quantitative performance-oriented scales such
as the Balance Scale,z,3 the "get-up and go" test,38 the Perfor
mance Oriented Mobility Assessment (POMA)"", and the
Physical Disability Index!7 have also been developed for use
in both clinic and research settings. Choice of the appropri
ate scale depends on the mobility level of the patient. Some
scales were developed in relatively healthy older adults (mo
bility skills, POMA), whereas others were developed for use
in more frail populations (Balance Scale, Physical Disability
Index). Another quantitative and informative measure of
functional performance is the functional reach measure. 13
During this test the patient is asked to reach forward as far as
possible from a comfortable standing posture. The excursion
of the arm from start to finish is measured via a yardstick af
fixed to the wall (Fig. 18-3). This measure tests the ability
and willingness of the patient to move to the margins of
his/her base of support voluntarily. Duncan and colleagues
have shown that frail persons with reaches less than 6 inches
have 4 times the likelihood of falling than persons with a
reach greater than 10 inches. 14 An excellent critical review of
validated functional performance measures has been pub
lished recently.4
While quantitative tests are useful for measurement and
documentation purposes, qualitative description and obser
vation are also important. During the functional assessment

TABLE 18-1

PROGRESSIVE MOBILITY SKILLS ASSESSMENT TASK
TASK

PERFORMANCE (SCORING)

Sitting balance
Sitting reach
Chair rise
Standing balance
Pick up object
Walking
Abrupt stop

Subjects sit in firm-surfaced chair with arms crossed, unsupported
Subjects grasp ruler held at shoulder level 12 inches from outstretched arm
Subjects rise from standard straight chair with arms folded
Subjects stand steadily, without support, for 60 seconds
Subjects pick up ruler placed on the floor 2 ft in front of them without holding on for support
Subjects walk 10 ft vnth a safe, stable gait without assistive device
Subjects walk as fast as they can for several steps and then, on command, stop abruptly without stumbling
or grabbing for support
Subjects walk at normal pace, then turn around with smooth, continuous steps
Subjects step over shoebox in walking path without hesitating or stumbling over box
Subjects grasp ruler held at shoulder level 12 inches beyond outstretched arm without taking a step
Subjects ascend and descend stairs, step over step, without support

Turning
Obstacle
Standing reach
Stairs

Adapted from Studenski S, et a1: Progn?ssive mobility ski/Is, Presented at the American Geriatrics Society Annual Meeting, Boston, Massachusetts, May 12, 1989.

i

I

Il

I

Chapter 18

BALANCE AND FALLS IN THE ELDERLY

process, the therapist should vary the conditions under which
the patient performs the tasks. For example, it is useful to see
how the patient responds to changes in gait speed and direc
tion, negotiates obstacles, and handles changing surfaces and
other environmental distractions and conditions.

Environmental Assessment
Another aspect of functional performance that is important
to consider is how the patient functions at home. Often, de
cisions are made to modify a person's environment based on
performance deficits that may have been observed during
evaluation in a hospital room or clinic. Not surprisingly, the
unstable patient is often able to maneuver around his/her
own home much more steadily and safely than he/she can in
an unfamiliar hospital or clinic environment. Chandler and
co-workers have developed an instrument that allows the
therapist to assess performance-based environmental risk
(Table 18-2).7 Ideally, home modifications or other interven
tions should be designed based on the patient's performance
during routine activities within his/her home. The therapist
can perform the assessment by asking the patient to show
him/her how he/she maneuvers around his/her home on a
typical day. Getting in and out of a favorite chair; turning on
the television; opening high and low cabinets and the refrig
erator; getting on and off the commode, in and out of the
shower or bath, and in and out of bed are examples of typi
cal activities that should be assessed. Access to lighting and
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illumination is important to assess. It is unnecessary to sug
gest bathroom modification if the patient has no difficulty
with such transfers. Obstacles, cords, and clutter become
particularly relevant in the patient with serious visual
deficits or gait abnormality but need to be addressed only to
the extent that they pose a threat to the patient's safe func
tion. Using this instrument, environmental risk can be quan
tified by evaluating both the degree of environmental hazard
and the frequency with which it is encountered.

Psychosocial Assessment
Factors outside of physical performance that should be cov
ered in the comprehensive evaluation of the geriatric faller
include social support and behavioral/cognitive function.
While other members of the interdisciplinary team are bet
ter equipped to identify specific problems in these areas, the
therapist should be aware of how these factors may influ
ence falls risk. The presence of a strong social support net
work may minimize falls risk because other people may be
available to perform the "risky" activities for the patient.
The patient who is no longer able to climb ladders or do
yardwork safely must first recognize that these activities are
no longer safe. Then one must decide the willingness to re
strict activities or whether to take the risk of falling. Patients
with severe cognitive loss are generally unable to recognize
risk and consequently do not make sound judgments re
garding safe activity.

B
A

FIG. 18-3
position.

Functional reach. A, Starting position. B, Ending
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TABLE 18-2

FUNCTIONAL HOME ASSESSMENT PROFILE
PATHWAYS

POTENTIAL RISK ITEMS

Access (railing)
1. Entrance into home <Door
Threshold
Other

HAZARD

FREQUENCY

SUM

X
X
X
X

Total
Lighting
L Living r o o < Floo<
3. Kitchen
Storage
4. Bedroom
Furniture
5. Bathroom
Other

6 Other (hallway)

.

<

X
X
X
X
X

Total"
Floor
Lighting
Other

X
X
X

Total

-:;,..

"'"

~
;

::;

::J

:;I ,M

VARIABLES (FOR EACH POTENTIAL RISK ITEM)

Hazard
0= No risk
1 = Low-to-moderate risk (patient would likely have difficulty 10% to 40% of time hazard is
encountered)
2 Moderate-to-high risk (patient would likely have difficulty 50% to 100% of time hazard is
encountered)
Frequency (frequency of encounter)
o Never
1
< IX I month
2 = < IX I week
3 = 2-3X I week
4
I-2X I day
5 = > 2X I day
Total Sum (frequency X hazard)
Adapted in part from Chandler JM, Prescott BL, Duncan PW, Studenski SA: Reliability of a new instrument: The Functional Environmental Assessment. Phys Ther 1991;
7l(suppl):586.
'The ,'Urn (frequency X hazard) should be totaled for each of the rooms: living room, kitchen, bedroom, and bathroom.

INTERVENTION
Comprehensive multidisciplinary examination and evalua
tion should guide the management of the geriatric patient
with instability. The universal goal of intervention is to max
imize independence in mobility and function. Within the
limits of safety, it is always preferable to improve mobility
and function than to restrict activity. Indeed, the conse
quences of immobilization and restricted activity can be
more devastating than the instability itself. The typical se
quelae of restricted activity include decreased life space, fear
of movement, deconditioning, depression, and often a high
financial and emotional cost to family and society. The goal
of maximum functional independence can be achieved by
using the following principles to guide treatment planning:
• Identify and treat modifiable deficits
• Identify and compensate for fixed deficits
Based on the evaluation, the therapist should first be able
to identify possible etiological components of the patient's
instability. For example, major visual dysfunction is a fixed
deficit but can be potentially treated by altering eyewear.
Glasses with prisms can compensate for peripheral-field

j

deficits, tinted glasses can increase contrast sensitivity, and
different glasses for near and far vision can reduce problems
caused by bifocals. A referral to a geriatric optometrist can
be extremely useful.
Loss of proprioception is also a fixed deficit and may be a
potential contributor to the patient's instability. Because the
probability of reversing proprioceptive loss is low, training
the patient to compensate with increased visual input may
be the most effective strategy. Patients with vestibular lesions
can be potentially treated with specific exercises to improve
vestibular function or can be taught compensatory tech
niques using vision.2o,21
When irreversible neurological disease is the basis for in
stability, it is necessary to address the treatable aspects of the
condition in order to improve or maintain mobility within
the limits of safety. In the patient with Parkinson's disease,
emphasis on flexibility and range of motion, particularly of
the axial skeleton, may help to provide a more supple bio
mechanical apparatus through which an effective balance
strategy might be better expressed. 52 Teaching the patient
with Parkinson's disease to keep his/her weight forward in
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evaluated and treated. The goal of intervention should al
ways be to maximize functional independence within the
margins of safety.

both standing and sitting situations can facilitate walking
and rising from a chair, respectively. A rolling walker may be
a useful tool to fucilitate this movement strategy and provide
additional safety.
To the extent that strength, range of motion, and endurance
are contributing to the patient's instability, they need to be ad
dressed in treatment. Research has indicated that lower ex
tremity weakness, especially at the ankle and knee, is signifi
cantly associated with recurrent falls in the elderly.59,n It has
also been well-established that strength gains can be made in
all age-groups, even in nonagenarians, by applying the physio
logical exercise principles of overload and specificity. 10.16
No treatment will be effective without specifically ad
dressing the patient's functional deficits. Just as in treating
the young orthopedic patient, vigorous strength training will
not improve function unless specific functional training is
incorporated into the exercise program. The functional as
sessment allows the therapist to identify specific functional
limitations, so treatment should focus on similar activities.
If, for example, reaching is limited, the therapist might in
corporate functional activities that stress the patient's mar
gin of stability, such as reaching for a glass, leaning forward,
reaching behind self (as if to put arm in coat sleeve), and
catching a ball off center. Weakness of the hip musculature
can be effectively addressed by incorporating rising from a
chair and climbing stairs into the exercise program. Simi
larly, teaching the most biomechanically efficient chair-rise
strategy can lead to immediate functional improvement. 71
For the patient who demonstrates poor balance re
sponses to either feedforward or feedback displacements of
the center of mass, it may be useful to practice effective bal
ance responses, such as weight-shifting techniques. How
ever, there is little evidence that balance training carries
over to improved functional performance. 12 Evidence does
suggest that balance is highly task specific and that muscles
respond differently to different center-of-mass displace
ments. Interventions for balance deficits should therefore be
functionally driven and task specific. Recent studies have
shown that the ancient Chinese martial art form of Tai Chi
Quan is effective in reducing falls in older adults.73 This ex
ercise, which involves slow rhythmical movement, weight
transfer, and concentration, is thought to sufficiently en
hance physical and mental control to reduce falls even
though physiological measures of postural stability (pos
tural sway) may not improve.28,74
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ambulation and walking at a functional speed are two of the
most important factors in maintaining a self-reliant life-style
for older individuals. 78 The ability to walk without undue fa
tigue at a functionally adequate speed for a reasonable time
contributes to a comfortable and independent life. 7
This chapter describes an examination, evaluation, and
intervention strategy focusing on the functional outcome
of ambulation for elderly persons. The Framework of Clini
cal Practice is used to guide the clinical decision-making
process as the functional limitations and impairments of this
specific problem are assessed and as intervention programs
are developed (Fig. 19-1). Impairments related to postural
control and falling also are discussed because of their im
portance in the elderly population and their relationship to
ambulation. Although there is no differentiation among the
sub-groups of elders by age or activity level in this chapter,
age and activity level need to be considered in the clinic so
that the therapist can identify appropriate outcomes and im
plement the most effective intervention program for each
patient.
Walking velocity can be used as a marker of disability and
dependency in older persons. 26 ,32 Ambulation is important
for its implication related to community independence and
also as an exercise in and of itself. Rakowski and Mor re
ported on the association of physical activity, particularly
ambulation, with mortality in the elderly. In a sample of
5901 persons, ages 70 and older, a higher mortality was as
sociated with walking less than 1 mile once a week or never,
as was not getting enough exercise or not having a regular
exercise routine, particularly for the women in the sample. It
is not clear from these results what the specific effect walk
ing may have on cardiopulmonary-vascular health, on psy
chological health, or on the maintenance of postural control
and strength. However, the strong association for women

OUTLINE

INTRODUCTION
One of the primary purposes of physical therapy is to en
hance the individual's physical ability to interact within the
environment and to function in the community. Particularly
important with the elderly is to improve, restore, or main
tain the functional outcome of ambulation. Independent
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FRAMEWORK OF CLINICAL PRACTICE
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FIG. 19-1

Framework of Clinical Practice, including the Evaluation and Intervention Models .
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Application of the Evaluation Model to factors that
contribute to falls in the elderly.

FIG. 19-2

between walking 1 mile more than once a week and im
proved longevity seems dear.66 For many elderly, walking is
the most common form of physical activity.25
To better match the individual's ambulatory capability to
the demands of the community, walking speed standards,
or norms, have been established and vary from a speed of
1.07 to 1.4 meterslsecond (m/sec). However, in many stud
ies, elderly subjects or those following hip fracture have not
been able to achieve these walking speeds. 24,52 A speed of

J

0.82 mlsec in patients who have had hip fracture has been
reported. Interestingly, most of the hip fracture subjects
achieved the desired walking speed after an exercise rehabil
itation program. 24
Ambulatory ability also is related to other markers. For ex
ample, dependent ambulation and reduced safety during gait
activities are common reasons for admission to nursing
homes or other residential facilities. 32 A large percentage of
falls occur in elderly individuals while they are walking and
may be attributed to various factors (Fig. 19-2). Some falls re
sult in injury. Estimates suggest that as many as 25% of those
who enter a hospital because of a hip fracture will die within
1 year. There is a societal need to decrease the number of falls,
to reduce the need for nursing home placement, and to im
prove or maintain functional independence in the elderly.2,44
Thus, the examination and evaluation of ambulation and in
tervention to preserve or restore walking ability are critical.
A sedentary life-style for elderly persons is not uncom
mon. It has been estimated that only 45% to 66% of older
persons participate in regular exercise, even though activity
seems to be critical to maintaining mental and physical
health.71 Physical therapists must continue to analyze and
implement intervention programs to prevent and counteract
many of the impairment changes found in older persons and
to improve their functional ambulatory ability and general
overall health.
The focus of this chapter is to analyze the function of am
bulation and the common changes that occur in the compo-
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nent physical characteristics in the aging population. This
information will serve as a basis for the physical therapy
evaluation and intervention. The chapter is based on the fol
lowing principles:
1. An individual's functional capability is an interaction be
tween environmental demands or restrictions and the in
dividual's abilities. Both the person who enters the thera
peutic situation and the environment in which that
person functions must be considered during the exami
nation, evaluation, and intervention. 3 !
2. Functional outcomes can be attained by a combination of
intervention strategies. These include rehabilitating the
individual, if change is possible or appropriate, and pro
viding adaptive and assistive devices and aids as well as
instruction and education in their use and modification
of the environment. This principle also includes preven
tion of impairments and functional limitations so that
intervention can promote an individual's abilities most
effectively.
3. Intervention is designed to remedy both the primary and
secondary impairments that limit function through a
program that enhances movement control and capacity
by proceeding through a logical sequence of procedures.
Intervention encompasses the promotion of wellness, the
improvement or maintenance of functional abilities, the
prevention of limitations, as well as rehabilitation if im
pairments are present. 38•75

EXAMINATION
The examination is used to subjectively and objectively as
sess the patient's capability to perform functional activities.
The therapist compiles these data to design the most effec
tive and efficient intervention strategies to achieve antici
pated functional outcomes. In this section the commonly
observed gait characteristics in the older individual are dis
cussed, followed by a presentation of other potentially rele
vant findings within their physical and physiological sys
tems. In addition to these factors, the environmental, social,
psychological, and medical factors relative to the elderly re
quire consideration. These factors are discussed as they are
relevant to the function of ambulation and possible inter
vention strategies.

Environmental Factors
Environmental factors that may influence ambulatory ability
include architectural barriers or the lack of aides that may
provide needed assistance. Examples of barriers are stairs
without banisters, elevations without ramps, and curbs
without cutouts. Modifications of the environment or the
use of adaptive and assistive devices and aides may be effec
tive means of achieving the goal of maintaining community
ambulatory status. The following recommendations should
be considered: cross walks with the option of slower pedes
trian crossing signals, elimination of highly polished floors
in public buildings, walkways without bricks or cobble-

Evaluation Model
Medical and Psychological Factors

Parkinson's

Hypertension
Chronic obstructive
pulmonary disease

Dependence

Cancer
Obesity
Anxiety
Diabetes
Illness behavior
Poor nutrition
OsteoporOSis
Ostaopania
Stroke

FIG. 19-3 Medical and psychological factors that affect func
tional abilities.

stones, adequate cleaning of icy or snowy sidewalks, rest
benches in shopping areas, and the installation of stall bars
next to curbs at commonly used intersections. Also, curb
and stair-stepheights should be restricted to 150 mm in lo
cations frequented by adults older than 80 for easier ac
cess. 12a Modifying environmental challenges may be an effi
cient and effective intervention strategy in achieving
functional outcomes.

Psychological/Medical Factors
Acute or chronic psychological and medical conditions and
altered nutrition compound the physical impairments that
accompany aging and diminished activity (Fig. 19_3).22 Al
though depression is a common finding in the elderly,?
mood status seems to change with disability. Barbisoni in
vestigated the influence of physical therapy on a number of
factors, including depression, and found that depressive
symptoms, when marked on admission, had substantially
improved after a course of physical therapy and that smaller
improvements were seen in patients with less initial sympto
matology.5 Patients with improved walking speed after an
exercise program have reported more social interactions and
more community involvement. 24 The fear of falling may lead
to apprehension and postural instability in some patients,53
whereas others may fear falling due to postural instability.
Both groups may limit community involvement. A more
positive attitude toward life has been demonstrated in per
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sons who walk at least 30 minutes a day compared with
those who do not. 25 In contrast, poor self-perceived health is
included in a group of risk factors for falls. 37
When assessing the elderly with a falling complaint or
who have improved ambulation as a functional outcome, the
therapist must be aware that the elderly commonly have
multiple medical problems whose symptoms or pharmaco
logical management may contribute to physical dysfunction.
Comorbidities found in a group of elderly with a mean age
of 77 included visual deficits (71%), hypertension (47%),
coronary artery disease (23%), and other cardiac involve
ment (230/0).28 The strength and sensory deficits, particularly
proprioceptive loss in the lower extremities associated with
diabetes, need to be considered with many elderly.

Ambulatory Characteristics
General changes in ambulation that are associated with ag
ing are slower velocity and decreased stride length. Mean
comfortable gait speed has been recorded as 1.27 mlsec
for women in their 70s. A range for the mean maximum
gait speed for elderly women has been reported, including
1.32 mlsec,33 1.5 mlsec,17 and 1.74 m/sec. 9 Maximum gait
speed in the elderly declines more steeply than does the
speed of walking at a comfortable pace. An elderly group was
reported to ambulate 28% faster during maximum speed of
walking compared with self-paced speed, whereas a younger
age group could walk 43% faster during maximum effort
compared with self-paced walking. This loss of reserve, indi
cated as a narrowing between what an individual actually
does compared with the capacity for doing, may be critical
in the elderly as they attempt to physically cope with addi
tional strains. For those in nursing homes, gait velocity has
been found to be even slower. Those with a history of falls
walked at 0.37 mlsec and those without a falling history
walked at speeds of 0.64 mlsec.84
Slower gait speed in the elderly has been related to patho
physiological findings. For example, walking speed can help

Gait Examination Results

Physical Impairments

Slower velocity
Decreased stride length
Decreased initial swing height
Decreased control terminal swing
Longer double support time
Toeing out
Wider BOS

Reduced aerobic capacity
Muscle and joint tightness
Decreased strength
anterior tibialis,
quadriceps, and
gluteus medius
Decreased hamstring control
Altered postural alignment
Decreased balance control
Decreased proprioception

identify those who are at greater risk for medical complica
tions, such as an increased risk of hip fracture. IS In addition,
the time an individual ambulates per day or the distance
walked has implications: those who walk 30 minutes or more
a day have better exercise capacity, higher bone mineral con
tent, and lower blood triglycerides. 25 Reduced visual acuity
has also been implicated in determining walking speed. I8

Related Movement Control Characteristics
Although some characteristics vary with different reports,
the following are common ambulatory findings. During the
stance phase of gait, elderly persons generally use a wider
base of support (BoS) and exhibit a shorter step length,
thereby spending a longer time in double support. De
creased dorsiflexion is common during the early swing phase
and may be compensated for by use of greater hip and knee
flexion to accomplish toe clearance. At late swing, when the
compensatory increase in knee flexion seen in early swing
becomes impossible, toe clearance is minimized. The de
creased ankle range of motion (ROM) found during gait
may be associated with the slower walking speeds. 33 Also,
there seems to be less deceleration control at late swing and
early stance. 83 Within the trunk and the proximal joints,
there is less pelvic rotation and trunk counter-rotation, in
creased shoulder extension and elbow flexion, increased hip
abduction, greater toeing out, and less vertical projection of
the trunk and pelvis at toe_off.7,I2·34.59.82 In addition to mea
suring velocity during free walking, examining the initiation
of gait has proved fruitfuL 14 Older persons initiate stepping
with a longer reaction time and longer weight transfer time
than do younger subjects. 82
The association between changes during walking and vari
ous physical impairments can be evaluated from multiple per
spectives, including the elder's attempts to improve stabiliza
tion as well as the consequence of physical change (Box 19-1).
The older individual's attempts to improve stabilization dur
ing ambulation may result in decreased trunk counter-rota
tion, decreased pelvic forward rotation, shorter step length,
wider BoS, and decreased vertical projection at heel-off.83
The effects of decreased range in the trunk, hips, and an
kles; decreased force production in the postural extensors
and plantar flexors; and diminished proprioceptive aware
ness may result in diminished velocity. Similarly, the altered
speed of walking, especially during stair climbing, may be
due to a decrease in the number of type II muscle fibers, a re
duction in the ability to perform unilateral stance, or a de
creased aerobic capacity. Other possible reasons that the el
derly may walk slower include slower reaction time and
decreased strength, particularly of the knee extensors. Walk
ing velocity was found to relate to strength of hip abduction
when walking at comfortable speeds and knee extension
when walking at maximum speed. 9 The increased shoulder
extension noted during gait may be a mechanism to coun
terbalance the increased kyphosis and flexed hips that move
the center of mass anteriorly. Substantiation of the second
perspective was provided by Judge, who found that gait ve

Chapter 19 AMBULATION: A FRAMEWORK OF PRACTICE ApPLIED TO A FUNCTIONAL OUTCOME

locity was enhanced after an exercise program to improve
strength and balance. 42
Stair-climbing characteristics also deserve a brief men
tion. Speed and quality of stair-climbing pattern are associ
ated with age, unilateral balance time, and active hip flexibil
ity.l2a The ankle dorsiflexion range that is required during
stair climbing may not be found in many elderly.
Dizziness related to vestibular function needs to be con
sidered. Patients with disequilibrium have been found to
have gait and balance abnormalities and tend to veer from
side to side, particularly with rapid turning, but do not seem
to have a greater frequency of reported fallsY When vestibu
lar dysfunction is coupled with either visual or peripheral
sensory involvement, the redundant sensory postural mech
anisms are challenged. When vestibular involvement leads to
ambulatory changes, a compromised musculoskeletal sys
tem may not be able to meet the demand.

Related Movement Capacity Characteristics
Characteristic changes in the capacity to sustain movement
for a given speed of ambulation, as measured by oxygen con
sumption, become more pronounced with advancing age.
Energy expenditure in ambulation over level ground and
during stair climbing is similar for many elderly and younger
persons because the elderly seemingly regulate their energy
consumption by walking more slowly.7 However, even when
stair climbing is performed more slowly, the energy cost can
exceed the ability of some elderly persons. Oxygen consump
tion for walking at a self-paced speed does not differ with age.
However, free speed gait requires approximately 32% of
Vo2max in younger individuals and nearly 48% in older per
sons. Even healthy elderly have progressively smaller aerobic
reserves due to the decline in Vo 2max. 17 This decline in aero
bic reserves makes it more difficult for an elderly person to
accommodate to the energy demand of a gait disorder or the
need for faster speed. The elderly tend to walk slower when
attempting fast speed to stay below the anaerobic threshold.
In a study of more than 200 elderly subjects aged 79 years old,
18% of the women and 26% of the men had cardiovascular
involvement, implying limitations in those systems. 52
The preferred walking speed of active elderly at 1.43 m/sec
is similar to the speed of young sedentary individuals at
1.41 m/sec. Sedentary elderly subjects walked 15% slower
than active elderly, whereas sedentary young subjects walked
only 6% slower than active young subjects. 55 Sedentary life
style in the elderly seems to have more of a deleterious effect
than in younger populations.
Variations in ambulation related to gender differences in
the elderly have also been reported. Women take shorter
steps than men. To increase their speed, women take more
steps, whereas men increase step length.7.;l6 It is not clear
whether these gender differences are related to variations in
leg length, flexibility, strength, general physical condition, or
some combination of these factors. In a group of 79-year-old
subjects, walking aids were used by 27% of women and by
25% of men. 52
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Measurement Considerations
The method and procedure of measuring gait characteristics
affect the interpretation of the findings. For example, some
measures are primarily temporal distance tools, such as the
10 meter gait test. 48,61 Other measures, such as the Tinetti, fo
cus on the quality and symmetry of movement. 79 Still other
measures such as the "Up&Go" and the timed "Up&Go"
combine ambulation with a sit-to-stand-to-sit maneuver.64
When a longer distance or duration is used, e.g., the 6-minute
walk test,ss gait speed in populations with cardiac or pul
monary dysfunction is related to cardiovascular-pulmonary
(CVP) measures. In elders without overt CVP pathology,
lower extremity strength is predictive of distance. When a
shorter distance is measured, strength, balance, and propri
oceptive variables are related to gait speed. If gait speed is de
termined by calculating from the first step as compared to
calculating after gait has been initiated, variations also will
be seen.61 No standardized distance has been used, with dis
tances varying between 7.62 meters (25 feet)9 to 10 me
ters. 48 ,61 Walking over and around obstacles also has been in
vestigated to simulate the environmental conditions that
may lead to trips and slips. 15
As previously mentioned, many falls occur during ambu
lation. At least two different relationships have been investi
gated. One is concerned with differentiating physical charac
teristics of those who fall compared with those who do not
in an attempt to develop risk factors for falling; the other is
to examine and differentiate possible reasons for falling. Risk
factors for falls and factors that differentiate fallers and non
fallers have included gait disturbances, such as shorter stride
length and slow gait velocity; balance as measured by one
foot stance; body sway; and backward walking. 80 Also impli
cated are strength of the hip, knee, and ankle extensors; com
plaints of dizziness; poor self-perceived health; difficulties
with activities of daily living (ADL); and non-practice of
"morning walk."27,29,36,37,45 Additional factors related to falling
include reaction time, tactile sensitivity, cognitive impair
ment, psychoactive drug use, and age. 51 Because many falls
are a result of tripping, understanding the mechanisms of
controlling movement when stepping over objects is an im
portant line of investigation in the elderly. Chen and col
leagues measured the reaction time in young and older sub
jects. The older group was regularly active in walking. The
reaction time in the older females was 29 to 54 msec slower
than in young females. The older subjects had more diffi
culty avoiding obstacles. When attention was divided, scores
decreased for both young and old. The older subjects avoided
obstacles in fewer than 50% of trials, whereas the younger
subjects avoided the obstacles in 75% of trials. Older adults
seemingly have more difficulty because of the dual nature of
.the task. They performed poorer on each individual task and
poorer still on the combined task. They had more difficulty
attending to multiple tasks simultaneously. IS Even with the
adoption of a slower speed and shorter stride length, the re
sults suggest that normal aging requires that a greater pro
portion of attentional resources be allocated to the balance
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demands of postural tasks.46 However, the elderly may not
attend to the balance aspect of the task and may tend to fall
more than younger persons who may maintain balance and
disregard other aspects of the task. S7 Reaction time has also
been measured during the initiation of stepping with a de
crease of 36% seen during this complex, but common lower
extremity movement, which also requires a transition from
static to dynamic postural stabilization.62
Because of the many complaints of tripping and slipping
during walking, Winter conducted a multifaceted assess
ment of gait and determined that primary contributing fac
tors included poor deceleration of the foot in late swing and
early stance associated with reduced hamstring controp3
Preventative programs for recurrent fallers may focus on im
provements in balance, reaction and response time in spe
cific muscle groups, leg extension strength, walking speed,
and ability to negotiate obstacles. Patients who have atten
tional dysfunction may need to be reminded to focus on the
walking task and not to attempt to perform more than one
activity at a time.

Physical Systems Review: Impairment
Changes Related to Ambulation
Because each physical system can contribute to motor per
formance, the therapist examines each physical system and
its overlapping physiological areas to determine the cause of
the impairment. For example, the-abnormal performance of
the dorsi flexors exhibited during gait may be a problem of
movement control that is demonstrated as abnormal timing
and sequencing of the response; the deficit could be within
the musculoskeletal system, which may be seen as decreased

Physical Systems
Neural Perfusion

torque generation regardless of position or time; or it could
be abnormal movement capacity noted as an inability to
perform repetitive movement.
The nervous (N), musculoskeletal eMS), and
cardiovascular-pulmonary (CVP) systems are three physical
systems of primary concern to physical therapy and as illus
trated in Fig. 19-4 should be regarded as interrelated sys
tems. The anatomical structure of each system is depicted in
the unique area; the physiological nature of the systems is
represented in the overlap between the systems. The physio
logical capacity for movement is represented in the area be
tween the CVP and MS systems, the neurophysiological con
trol of movement is depicted in the area between the Nand
MS systems, and neural perfusion is represented in the area
between the CVP and N systems. Common to all are the
physiological functions of the autonomic nervous system
(ANS) and the immune system.75
Nervous System
For the elderly, changes in the nervous system may con
tribute to alterations in ambulation (Fig. 19-5). These
changes include reduced sensory input from proprioceptive,
visual, and vestibular mechanisms that may be related to a
longer latency and a higher threshold from cutaneous and
proprioceptive receptors. 54,70.72.73.S7,SS Because proprioception
is diminished, the elderly may demonstrate abnormalities in
postural control, measured as increased sway while standing
with the eyes closed and during ambulation. 16,39 Impaired
proprioception has been related to decreased gait speed,
lower scores relative to the quality of gait/s and poorer func
tional balance scores as measured by the Berg Balance
Scale. 8•61
Other neurological changes that may affect ambulation in
the elderly include presence of fewer dendrites, reduced
nerve conduction velocity, greater monosynaptic latency, de
creased excitability at the myoneural junction, decreased
numbers of functional motor units, decreased reaction time,
and a higher threshold for the H-reflex. These neural
changes slow the generation of automatic motor programs,
increase the time required for peripheral feedback to be
received centrally, and delay the transmission of efferent
responses.47 ,68

Nervous System

Movement
Control

FIG. 19-4 Integration of physical systems pertinent to physical
therapist examination.

ii

Ii

Decreased orientation
Decreased ability to follow
commands
Reduced number of synapses
Diminished sensory input
(visual, vestibular, proprioceptive)
Increased receptor threshold

FIG.19-5 Changes in the nervous system that may contribute to
problems with ambulation in the elderly.
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Musculoskeletal System
Many changes in the musculoskeletal system occur with ag
ing that are relevant to ambulation. These include less tightly
packed muscle fibers, an increase in fat content between
muscle fibers, an increase in fibrin deposits, a decrease in the
number of type II fibers and functional motor units, and loss
of bone density (Fig. 19-6).76 Clinically, a predominant find
ing in the elderly is a reduction in general flexibility. Any of
these findings, as well as the changes that occur in the carti
lage and joint surfaces, may lead to postural alterationsY
Gibbs reported that joint impairments in the elderly were
70% in the spine, 54% in the feet, 35% in the knees, 19% in
the hips, and 19% in the ankles. 28 If degeneration is accom
panied by inflammation, pain may result and alter the indi
vidual's gait pattern.
Cardiovascular-Pulmonary System
Elderly persons commonly exhibit an increased prevalence
of coronary artery disease and hypertension (Fig. 19-7). Car
diac pathophysiology may be demonstrated by an increase in
blood pressure; decreases in stroke volume, maximum heart
rate, and coronary artery circulation; and a narrowing of the
coronary vessels and stenosis of the cardiac valves. 63
The pulmonary system often shows altered compliance of
the bony thorax and the lung tissue with a resultant decrease
in diffusing capacity and efficiency in breathing. In the pe
ripheral vasculature, there is an increase in the resistance to
peripheral blood flow and a decrease in the elasticity of ves
sels and the number of capillary beds in the muscles. In ad
dition to the aforementioned impairments, patients taking
cardiac medication may be at more risk for falls; digitalis and
calcium blockers have been reported as risk factors.45
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Movement Control and Capacity
The quality and quantity of ambulation are related to im
pairments leading to alterations in control and capacity for
movement. Control alterations in the programming, plan
ning, or execution of movement can be depicted as impair
ments in the area overlapping the nervous and muscu
loskeletal systems. Impairments in the area overlapping the
cardiovascular-pulmonary and musculoskeletal systems can
limit the individual's capacity to sustain movement, includ
ing ambulation. In the following paragraphs, the effects of
control and capacity impairments are discussed.
Movement Control
The control of movement, postural responses, and ambula
tion is the result of complex interactions between the ner
vous and musculoskeletal systems (Fig. 19-8). Automatic, re
flexive, and volitional levels of control may be influenced. 50.69
The automatic level of control relies on central mechanisms
to interpret the position of body segments; implement com
mon movements; judge disturbances accurately; and re
spond with the appropriate timing, sequencing, and force. 88

Cardiovascular-Pulmonary System
Cardiac
Increased systolic blood pressure,
evidence of CAD
Decreased stroke volume, maximum
heart rate, coronary circulation
Narrowing of coronary vessels
Stenosis of cardiac valves
Vascular
Increased resistance to peripheral blood flow
Decreased elasticity of vessels
Pulmonary
Increased fibrosis of vessels, work of breathing
Decreased compliance of bony thorax, diffusing capacity

FIG.19-7 Changes in the cardiovascular-pulmonary system that
may contribute to problems with ambulation in the elderly.

Musculoskeletal System
Less tightly packed muscle fibers
Increased fat content, increased fibrin
Decreased number of type II muscle fibers
Decreased bone density
Increased stiffness
Decreased extensibility in the trunk,
shoulder, and ankle
Changed postural alignment

Movement Control
Decline in:
Proximal dynamic stability
BoS-CoG adaptability
Abnormal timing and sequencing of movements
Reduced redundancy in balance control
Decreased lower extremity strength

FIG. 19-6 Changes in the musculoskeletal system that may con
tribute to problems with ambulation in the elderly.

FIG. 19-8 Interaction of nervous and musculoskeletal systems
that affects problems with ambulation in the elderly.
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These mechanisms are needed to maintain a posture and to
respond to minor or previously encountered changes in the
external environment. Automatic ambulatory patterns are
generated from central feedforward mechanisms and result
in responses to known situations. These automatic programs
may not be adequate in some elderly individuals because the
total system for the control of movement may be slowed. Ab
normalities also may exist and interfere with correct obser
vation and interpretation of environmental conditions, as
well as with adequate strength and timing of motor re
sponses. Any novelty in environmental conditions mayexag
gerate the impairment. The reflexive level of control involves
peripheral sensorimotor links that consist of proprioceptive
and stretch receptor mechanisms and the vestibulo-ocular
reflexyo,54,86 Volitional control requires conscious attention
to the activity. Such attention is more important if the envi
ronmental conditions are unusual, such as walking in the
dark, or if the ability to monitor these conditions has been
altered internally, as can occur with diminished distal sensa
tion, Conscious effort usually results in a reduction of speed
and an increase in energy cost. The decreased sensory inputs
that occur with aging, coupled with the inability to vary mo
tor strategies, reduce the overlapping of sensory input and
the adaptability of motor responses. 86
Some of the motor control problems found in the elderly
during ambulation can be analyzed by examining three con
ditions inherent in purposeful movement: the position of
the body must be known, the target position or goal to be
achieved must be identified, and the correct combination of
muscle forces in the correct sequence must be generated to
move from the starting position to the goal position.
The combination of feedforward and feedback mecha
nisms and the sensory input contributing to movement con
trol normally allow movement to occur from the existing
body position toward a subsequent target position in a coor
dinated fashion. Programs within the central nervous system
(CNS) underlying the automatic nature of ambulation are
altered with aging through changes in both peripheral and
central inputs. Visual, vestibular, and proprioceptive mecha
nisms that monitor conditions internal to the body, such as
limb position, muscle length-tension relations, and the abil-

Movement Capacity
Decline in:
Maximum cardiac output
Aerobic capacity
Percent O2 saturation
Reduced vital capacity
Increased residual volume
Decreased circulatory bed

FIG.19-9 Interaction of cardiovascular-pulmonary and muscu
loskeletal systems that affect problems with ambulation in the
elderly.

ity to monitor environmental conditions external to the in
dividual also change with aging.so If the sensitivity of any or
all of these modalities is reduced, integration of the neces
sary afferent information into a motor plan can be difficult.
The speed of walking is influenced by the intens.ity of
lower extremity muscle activation. II The ability to gener
ate sufficient motor force in the proper sequence is dimin
ished in the elderly.58 Thus, the decreased walking speed of
elderly individuals may be an accommodation to the de
creased ability to generate sufficient force in the required
time. 81 The decrease in muscle activation may be due to de
layed nerve conduction velocity, diminished sensory
awareness, disuse atrophy, or a combination of all these
factors. Any of these can create a cycle in which reduced
ambulation leads to disuse weakness, which in turn further
limits ambulation. In addition to the effect these impair
ments have on the function of ambulation, they also have
been associated with abnormalities in static and dynamic
postural control.
Movement Capacity
In addition to changes in movement control, functional
limitations in ambulation can be due to changes in the ca
pacity for movement-the physiological overlap between
the cardiovascular-pulmonary and musculoskeletal sys
tems (Fig. 19-9). Clinically, CVP changes may be mani
fested in the elderly as lowered aerobic capacity, dimin
ished exercise tolerance, and positional hypotension. A
decline in cardiac output, decreased maximum heart rate,
reduced vital capacity, increased residual volume, de
creased oxygen saturation, increased resistance to periph
eral blood flow, diminished blood flow to the muscles, and
decreased ability to extract oxygen from the blood4 can all
adversely affect the interdependent relationship between
the cardiovascular-pulmonary and musculoskeletal sys
tems. All of these changes can lead to a reduced ability to
respond to the aerobic demand of functional activities and
thus promote further decline in aerobic capacity. 1 Elderly
individuals with CVP system impairments may be forced
to decrease the speed of walking and stair climbing due to
an inability to sustain the output of energy required by the
increased metabolic cost of these activities. The loss of
speed, in turn, leads to an overall decrease in endurance for
functional activities. For this reason, the 6-minute walk
test, which measures the distance walked in the designated
time, is a common tool used to assess endurance. 56 In gen
eral, the ability of elderly persons declines with advancing
years, but the individual results seem more related to activ
ity level rather than to age. However, even healthy elderly
individuals have progressively smaller aerobic reserves due
to the decline in Vo 2max. This decline in aerobic reserve
makes it more difficult for elderly to accommodate the en
ergy demand of a gait disorder or the need for faster speed.
Cunningham and Martin examined the influence of age
and sedentary life-style on walking speed by measuring the
metabolic cost of walking at preferred speeds and at speeds

Chapter 19 AMBULATION: A FRAMEWORK OF PRACTICE ApPLIED TO A FUNCTIONAL OUTCOME

across a spectrum. 'Findings in this study indicated that
there was a 10% decline in walking speed in sedentary in
dividuals by age. The metabolic cost exceeded the differ
ence in speed, which may indicate an altered efficiency in
the speed of muscle contraction and of muscle fiber re
cruitment patterns. 17,55
Interrelationship of Control and Capacity
Improving an individual's capacity for exercise seems to in
fluence his/her movement control. Baylor and Spirduso in
vestigated the relationship between aerobic exercise and
components of reaction time in older women. They found
that in older women regular aerobic exercise was an impor
tant factor in influencing the speed of reactions to simple
and discriminatory stimuli and also was associated with en
hanced speed of reaction-type responses both in the central
and peripheral components. It was speculated that exercise
may affect the oxidative capacity of the brain and of the cen
tral nervous system function in general. In the group of el
derly who did not exercise, contraction times were slower.6

EVALUATION

Interpretation of Findings Related
to Intervention Strategies
One purpose for examining the physical systems is to iden
tify impairments that contribute to the limitations found
during the gait analysis. During the evaluation the therapist
clusters these findings to determine the proportional contri
bution of the impairments to the functional limitation, and
to the extent possible, determines the most effective and ef
ficient means of remediating both the functional deficits and
the impairments through the implementation of a compre
hensive intervention program. For example, decreased toe
off and limited dorsiflexion during swing may be clinical
findings of the gait analysis, Before an effective intervention
can be designed, the therapist must determine whether these
findings are due to a loss of ROM at the ankle, weak plan
tarflexors and dorsiflexors, diminished proprioception, poor
motor control, limited capacity for repetitive movement, or
any combination of these factors. In addition to treatment of
specific impairments, conscious changes in the gait pattern
also may be an effective means to enhance voluntary control
of the task. If the problem has been long standing, changes
in the patient may occur slowly, if at all; therefore support
ive devices, such as an ankle foot orthosis (AFO), need to be
considered. In addition, the individual may need education
regarding elimination of any obstacles that may increase the
chance of "catching his/her toe" and may need to be cau
tioned about walking on uneven surfaces.

Clinical Impression: Relating Impairments
to Possible Functional Changes
It is difficult to differentiate impairments that result from
aging from those that are due to diseases, such as diabetes, or
to a sedentary life-styleY For example, persons who fall and
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those who are sedentary tend to be weaker than those who
do not fall or who are active. 81 However, it is not always clear
which of these problems has occurred first: the falling, the
sedentary behavior, or the weakness. What is evident is that
if a fall occurs, many elderly persons, even those who have
been quite active, may reduce their activity level because of
anxiety or fear of falling and thus put themselves at further
ambulatory risk, e.g., sedentary individuals are more at risk
for hip fracture. 18,20,30
In the evaluation process, the therapist considers exami
nation findings in each of the physical systems, determines
the proportional contribution of these to the patient's func
tionallimitation, assesses the patient's potential for change,
and determines the availability of intervention strategy op
tions. 75 For example, the inability to climb stairs after a hip
fracture may be related to decreased aerobic capacity, dimin
ished lower extremity strength, and abnormal balance re
sponses (Fig. 19-10). The poor balance may be the result of
decreased ROM, proprioception, and stability in the ankles
and diminished strength and proprioception at the hip. All
of these contribute to the functional limitation, with
strength involved in both ambulation and balance dysfunc
tion. The patient in this example had been sedentary before
the hip fracture so the therapist determines that aerobic de
conditioning is a large contributor to the short ambulatory
distance. Because aerobic conditioning and strengthening
exercises may take a few weeks before functional changes
may be noted the therapist includes assistive and environ
mental changes in the total intervention plan. Other consid
erations that are factored into the treatment plan include the
length of time the patient has had the functional limitation
and impairments, the course of the disability, and the envi
ronmental constraints.
In this example, the mix of the most effective and efficient
modes of intervention to remedy the impairments and max
imize functional capability has not yet been determined,
most probably because a range of strengthening, flexibility,
aerobic, and balance exercises needs to be coupled with edu
cation, adaptive and assistive devices and aides, and environ
mental modifications. At this point, the clinical question can
be framed as "to what extent, in what combination, and
when should intervention focus on changing the individual,
on providing adaptive or assistive devices or aides, or on
modifying the environment?" Therapists can target inter
ventions more specifically on the underlying cause when the
relationships between pathology, impairments, functional
limitation, and disability are better known 31 ,75 as well as the
influence of an active or sedentary life-style. The therapist's
decision making will improve when more is known about
the reversibility of the deficits and the ability of the individ
ual to respond to the intervention in a realistic time period.
In addition to assisting individuals in changing, the ther
apist can help to modify the environment. Environmental
modifications may be a more efficient way to effect change
and reach the functional outcomes when a number of indi
viduals share common impairments, such as reduced speed
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of ambulation, decreased extremity ROM, and decreased
postural stability. Interventions may include decreasing step
height, varying chair height, raising the height of toilet seats,
removing area rugs, prolonging the walk time at crossing
lights, installing stall showers with grab bars and night-lights
in bathrooms, and altering the size or shape of doorknobs,?7

INTERVENTION
The physical therapist's intervention is directed toward func
tional outcomes desired by both the patient and the phys
ical therapist. The outcome emphasized in this chapter is
ambulation with sufficient control and capacity to be safe
at a speed that allows independence with or without an as
sistive device on a variety of surfaces. Although the focus
of this chapter is toward improved ambulation, the individ
ual's ability to perform ADL and to communicate effec
tivelyalso would be included in the complete physical ther
apy program.
Intervention has been shown to be effective in altering the
changes that accompany aging and that may result from a
sedentary existence. Therapeutic exercise programs admin
istered to a wide range of elderly persons have resulted in
improvements in their strength, flexibility, and exercise ca
pacity.l.22,42 Lord investigated whether a program of regular
exercise improved gait patterns in older women and whether
any such improvement in gait is mediated by increased
lower-limb muscle strength. A 22-week trial of exercise was
conducted with 160 women between the ages of 60 to 83,
with a mean age of 71.1 years. The exercise subjects showed
improved strength in five lower-limb muscle groups and
increased walking speed, cadence, and stride length and
shortened their stride times. Increased cadence was associ
ated with improved ankle dorsiflexion strength, and in
creases in stride length were related to improved hip exten
sion strength. Exercise subjects with a lower initial walking
speed showed greater changes in velocity, stride length, ca-

Functional Limitation: Stair Climbing

Balance impairment further related to:
Decreased ROM trunk, hips, and ankles
Strength and proprioception in ankles
Strength and proprioception in hips

FIG.19-1O Analysis of impairments that contribute to functional
limitations in stair climbing.

dence, and stance duration than those with a faster initial
walking speed. 49 Finlay demonstrated that exercise in pa
tients with hip fracture or total hip replacement could im
prove walking speed from 0.82 mlsec to 1.13 m/sec-an
improvement of 82%. These patients had standard postop
erative treatment but had not participated in follow-up ex
ercise interventions after the acute stay.24
Chandler and Hadley, in reviewing the impact of exercise
in elderly men and women, reported that the musculoskele
tal and cardiovascular systems, regardless of age, can re
spond to both resistance and aerobic training as measured
by impairments, such as diminished strength and maximum
oxygen uptake. The magnitude of physiological effect may
be dampened in frailer individuals in response to lower-in
tensity exercise stimuli. In the most impaired elders, exercise
may help to forestall further decline in physiological reserve
rather than produce significant gains. The extent to which
exercise programs affect performance and disability is less
clear. Exercise programs in frailer individuals appear to have
greater effect on gait speed and chair rise time than similar
programs in healthier individuals. The impact of exercise on
measures of disability has not been widely reported. Studies
reviewed by Chandler and Hadley suggest that exercise
training in elders is a potential means of reducing the bur
den of impairments and ultimately improving function. 13
Myers identified 52 studies that examined risk factors
for falls and nine intervention studies. Intervention studies
that were directed at nursing home populations did not re
sult in prevention of falls but had other statistically and clin
ically significant outcomes. Studies among the community
dwelling that targeted potential or current risk factors and
included an exercise component reported a significant re
duction in falls, prevention of the onset of new disabilities,
and reduction of baseline risk factors. 6o
A functional outcome can be characterized as being per
formed either with control or with compensatory strategies.
Normal control assumes a standard timing and sequencing
of movement with an amount of force appropriate to per
form the task; normal movement is efficient and requires the
least amount of energy. When normal control is not possible
because of unalterable impairments, compensatory strate
gies are indicated. However, compensatory movements com
monly require more energy. Age-appropriate comparison
movements must be kept in mind when determining func
tional outcomes and treatment goals for elderly patients.
Changes in the pattern and speed of gait, in sensory inputs,
and in the strength and timing of muscle responses all occur
with aging. Thus, "normal" standards both at the functional
and impairment level are age dependent.
As previously stated, the patient's functional capability,
the impairments related to the limitations in ambulation,
and the patient's potential for change are all determined dur
ing the evaluation. The next step in the clinical decision
making process is to translate these examination findings
into an intervention plan. To do so, the impairments that
limit function should be clustered into the classifications de
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scribed in the intervention model (see the following sec
tion). Realistic treatment goals can be prioritized according
to the assessments of which changes are possible for the in
dividual and which changes most probably will have the
greatest influence on improving the outcome of ambulation.
The general goals could include increasing ROM, increasing
the time that standing can be maintained without assistance,
and improving the ability to repeatedly assume standing
from sitting. The goals also can include the teaching of com
pensatory movements and modification of the environment.

The following is a list of impairments associated with gait
changes that will be the focus of intervention to be discussed:
• Lowered sensory acuity-proprioception, vision, vestibular
• Decreased ROM
• Altered postural alignment
• Decreased strength overall, but particularly in the hip and
knee extensors and knee and ankle flexors
• Altered static and dynamic balance
• Decreased reaction time, especially when attention is shared
• Decreased muscle endurance and general aerobic capacity
The postures and movements included in the treatment
are termed activities and are sequenced along the model's
vertical axis. Movement control, delineated into stages that
progress the complexity of motor tasks,74 constitutes the
horizontal axis. Movement control is enhanced with the use
of various treatment techniques that are used in conjunction
with the specific activities. The third axis describes parame
ters of capacity that correspond to the stress imposed on the
patient by the movement. The actual values of these para
meters are determined by the patient's level of healing, phys
iological requirements, and cognitive status. By classifying
the patient's impairments within the components of the
model, the therapist may be able to better analyze the rela
tionship between impairments and function, prioritize and
sequence intervention procedures, and determine the most
appropriate intervention strategies.75
The patient's impairments associated with the functional
limitation are classified in the intervention model, and the

Intervention Model
The intervention model is a three-dimensional matrix that
classifies physical characteristics associated with functional
ability (Fig. 19-11). The classifications encompass the control
of and capacity for posture and movement. The model de
scribes a general intervention strategy designed to achieve
functional outcomes by sequencing the difficulty of move
ments. Anatomical and biomechanical principles and theo
ries of motor control, motor learning, and exercise physiol
ogy are integral to this strategy and formulate the basis for
the principles of physical therapist intervention. The model
and principles guide the therapist in designing effective and
efficient treatment strategies to achieve the functional out
come. The impact of impairments can be decreased by com
bining the four strategies of intervention: remediating the pa
tient's deficits, providing adaptive and assistive devices and
aides, providing education and modifying the environment.

Intervention Model

Parameters of Movement Capacity

Speed /
Du ration /
Frequency/
Intensity

/

Activities:
Postures and Movement

/
/

/

/

/

/

Mobility

Stability
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Muscle/Postural

/
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/
/

/

/

Controlled Mobility/
Skill
Static Dynamic
Weight shifting,
Timing,
Concentric/eccentric sequencing

Supine
Sidelying

/
/

/

/

V
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V///

Hooklying
Bridging
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/

Modified plantigrade
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Stages of Movement Control

FIG.19-11 The intervention model classifies stages of movement control and parameters of movement ca
pacity in relationship to postures and movements.
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decision-making process is continued. A patient may
demonstrate limitations in walking and climbing stairs as
sociated with impairments of decreased ankle ROM, knee
and hip extensor strength, dynamic balance, and general
ized decreased muscle endurance. These impairments cor
respond to movement classifications described by the
stages of control and parameters of capacity. The impair
ments that the therapist determines can be changed are
translated into treatment goals. For this patient, the antici
pated goals might include the achievement of sufficient an
kle ROM to ambulate and descend stairs by sustaining iso
metric contractions of the trunk, hip, and knee extensors
for at least 30 seconds; increasing eccentric strength of the
hip and knee extensors; and maintaining unilateral weight
bearing in standing for 10 seconds. These treatment goals
are designed to achieve the functional outcomes of ambu
lation for 1/4 mile and stair descent at a functional pace.
The treatment procedures are developed, sequenced, im
plemented, and progressed to achieve the treatment goals
and demonstrate functional outcomes. The treatment
goals reflect both improvements in movement control,
e.g., improved ROM and muscle stability, and movement
capacity, e.g., holding a moderate intensity contraction up
to 30 seconds. For example, passive range of motion
(PROM) around the ankle may first be developed with
moderate intensity of hold relax and joint oscillations, and
muscle stability in the lower limb may be promoted with
low-intensity isometric contractions. If the patient has
difficulty learning the movement, the frequency of the
task may be altered and verbal or visual feedback may be
varied. The progression of the home exercise program, pa
tient-related instruction regarding adaptive and assistive
devices and aides, and modification of the environment
are ongoing throughout the rehabilitation program. Initial
improvements found in strength and capacity measures
may actually be displayed by learning and neural control
modifications. Actual changes in strength and capacity
may require up to 6 weeks to achieve. The therapist needs
to educate the patient regarding the indicators that can be
monitored to adjust the difficulty of the procedure. For
example, the Borg rating of perceived exertion (RPE) can
be used when an individual performs independent or
home exercises. 10 If the patient has a cardiac or diabetic
condition that may affect his/her strength, balance, or ca
pacity, then additional treatments with the therapist may
be needed to ensure adequate understanding of the exer
cise monitors.
The objective and subjective changes in the impairments
and functional abilities are continually noted so that appro
priate modifications to the general strategy and specific pro
cedures can be made. The patient's subjective report of func
tional change does not always parallel the objective findings.
The therapist needs to monitor both types of outcome mea
sures to adequately determine treatment effectiveness and
the need for further intervention. Easy-to-use, reliable, valid,
and sensitive measures need to be chosen.65 The impair

ments that cannot be changed by any of the physical therapy
strategies are determined, and appropriate referrals are made.

Units of the Procedure
Intervention procedures combine the three components of
treatment: the activities, the techniques, and the parameters.
Procedures, designed to achieve one or more treatment
goals, always begin with exercises the patient can perform
and progress toward achieving the functional outcome. 75
Activities
Activities are postures and movement patterns incorporated
in the intervention to achieve the treatment goals and func
tional outcomes. The postures associated with ambulation
include those that occur during the assumption of standing
and those in which specific motor abilities can be practiced
and achieved. The sequence of postures, which includes
supine, sidelying, sitting, and standing, can aid in the as
sumption and control of standing. The control of the lower
trunk and lower extremities required for the assumption of
standing and for ambulation can be further enhanced in
hooklying, bridging, and modified plantigrade. These pos
tures are included in treatment to improve ambulatory con
trol, as well as to increase weight-bearing stress. Weight
bearing stress in the upper extremity can also be achieved
in quadruped. However, quadruped may be too difficult
for many elderly persons and is therefore not included in
the program.
Techniques
Techniques are sensory inputs and types of muscle contrac
tions used to enhance the stages of movement controL The
treatment techniques used may include those that increase
passive or active ROM (mobility), improve the ability to sus
tain an isometric contraction and to maintain a posture (sta
bility), enhance the ability to move within or between pos
tures (controlled mobility and static-dynamic control), and
improve the timing and sequencing of movement (skill).
Parameters
The exercise parameters are the frequency, duration, inten
sity, and speed of each of the treatment procedures. These
parameters are varied according to the patient's learning
ability, cardiovascular-pulmonary status, or the acuteness of
the dysfunction.
For those patients who demonstrate difficulty with learn
ing due to attention-span deficits or decreased sensory
motor integration, the parameters can be altered to affect the
practice schedule and the internal and external feedback.
The duration of each treatment can be reduced and the fre
quency increased to distribute the repetition of the task,
and the intensity of patient effort can be altered to increase
feedback and enhance the response of various peripheral
receptors. 19,54,86
Patients who are limited by exercise capacity deficits and
involvement of the cardiovascular-pulmonary system may
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require modifications in the exercise parameters so that ap
propriate physiological stress occurs during the procedures.
Heart rate, blood pressure, and perceived exertion lO during
the intervention program should be monitored in such
circumstances.
If the patient is recovering from a musculoskeletal injury
or surgery, exercise parameters should be adjusted according
to the tissue's reactivitr5 or ability to respond to varying
amounts of intensity or frequency of exercise. Elderly pa
tients may recover more slowly, manifest different responses
to internal and external stress, and be more affected by the
deleterious results of bedrest.
Various intensities of exercise have been used to improve
strength. In a group of very elderly persons, high-intensity
exercise was used to counteract muscle weakness in the hip
and knee extensors. These muscle performance changes were
associated with an improvement in walking speed. 23
Strengthening exercise is a generic phrase requiring more
definition before treatment effectiveness can be determined.
Some patients' functional limitations reflect the need for
muscle aerobic training, therefore increased repetitions at
low to moderate intensity may improve the distance walked.
Some may not be able to generate the muscle force to climb
stairs or assume standing from sitting. In such cases fewer
repetitions but at a greater intensity would seem indicated.
Others seem to have a general fatigue impairment that lim
its the distance walked or the number of stairs climbed, in
dicating the need for general aerobic training of progressive
intensity with increased repetitions and frequency of a total
body exercise program, such as that provided by a stationery
bicycle, treadmill, or walking program. Not uncommon is
the need for a combination of all three "strengthening" exer
cise protocols.

Impairments Classified According
to the Stages of Control
Examples of impairments related to the control of move
ment are classified within the model along the horizontal
axis. From these classifications, treatment goals and appro
priate treatment techniques can be determined. For exam
ple, a patient receiving treatment may be limited in weight
shifting forward during the transition from sitting to stand
ing as a result of impairments that include tightness of the
hip capsule and of the hip extensor muscle. Limited range is
classified within the mobility stage. To determine the treat
ment goal, the therapist considers the patient's range in
comparison to that required for moving from sitting to
standing,41 the type of tissue involved (capsule and muscle),
and the duration of involvement. If the limitation is in
soft tissue and is of short duration, the assumption can be
made that change can occur. If the impairment is chronic
or if bone limits ROM, soft tissue changes are unlikely,
necessitating physical therapy treatment aimed at compen
sation that might include raising seat height and adding
rails to the toilet; referral for surgical intervention might also
be considered.
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Mobility-Passive Range of Motion
Impairment. PROM deficits that impede ambulation, as
sumption of standing, or stair climbing can be due to short
ening or stiffness of the skin; connective tissue; muscle; liga
ment; and capsule in the trunk, hip, knee, or ankle.
Functional Implications. During the stance and swing
phases of gait, impairments of range in the trunk, hip, and
ankle may limit trunk counter-rotation, pelvic rotation, step
length, the ability to maintain an erect posture, and tibial
translation over the talus. 59 For example, decreased range
into lumbar extension combined with tight hip flexors and
plantar flexors may reduce terminal stance and step length.
Patients with decreased range in the trunk and lower ex
tremity may have difficulty moving from sitting to stand
ing16.41 and may be restricted to climbing stairs one step at a
time. The first phase of assuming standing normally requires
upper body and hip flexion and flexion of the knees and an
kles as the feet move or are positioned under the front of the
chair. If these joints or surrounding tissues are stiff, these ini
tial flexion movements will be restricted. Another common
finding-difficulty with erect standing following prolonged
sitting-may result from impairments that include stiffness
in the flexor muscles and decreased joint flexibility. Abnor
mal range in the thoracic and cervical spine also can influ
ence posture and gait. Typically, an elderly person will
demonstrate thoracic and cervical changes that anteriorly
translate the upper body's center of gravity. To offset this
change, the individual may alter muscular activity or posi
tion the upper extremities posteriorly to control postural re
sponses in sitting and standing and while walking.
Treatment Goals. These include improvement of trunk
and limb ROM by decreasing tissue stiffness and improving
muscle and soft tissue length. The measure of effectiveness
could be joint ROM, muscle length, the stiffness or resis
tance to passive movement, and the achievement of the
range that commonly occurs during functional activities.
For example, during the assumption of standing from sitting
or during stair descent the position or movement of the
lower leg is an indication of the functional ankle ROM.
Treatment TechnUjues. If specific joint motions are lim
ited by capsular or ligamentous tightness or by chronic joint
effusion, joint mobilization and measures to reduce edema
should be incorporated. The therapist must note that edema
around the ankle may be associated with cardiac disease
requiring special examination procedures--and stiffness may
be related to diabetic tissue changes. If muscle tightness is
noted, hold relax (HR) to increase contractile tissue exten
sibility is indicated. Active warm-up activities or heat may
be useful before ROM procedures. Self-stretching has an
advantage in that it can be performed independently, al
though it is not as specific to anyone tissue. During self
stretching, the movements and instructions should be suffi
ciently specific to limit the stretch to the involved area.
Whether individual or group exercise is performed, care
must be taken with persons who have osteoporosis or whose
bones are osteopenic.
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ROM exercises can be performed in any position in
which the involved joint is non-weight bearing. To ensure re
laxation, supine, side-lying, or sitting postures are common.
Mobility-Initiation of Active Movement
Impairment. The ability to initiate active movement is
decreased and the speed with which movement is initiated
may be delayed. The weakness that reduces the initiation of
movement may be due to a combination of fewer type II
fibers, resistance from stiff antagonistic tissues, and a seden
tary life-style. Peripheral neural involvement, as occurs with
diabetes or central involvement from Parkinson's disease or
hemiplegia, also may affect movement initiation.
Functional Implications. When initiation of movement is
too slow or weak, postural reactions and automatic move
ments in standing or during ambulation may not occur with
sufficient speed to respond to environmental demands or to
allow for an adequate rate of walking. For example, activa
tion of the dorsiflexors or everters may be delayed if the tis
sues around the ankle are stiff. Weakened muscle may have
difficulty overcoming internal tissue resistance impeding
movements during postural disturbances,3.81 ambulation,
and stair climbing. Decreased sensory input from proprio
ceptive, visual, and vestibular receptors also can lead to di
minished movement initiation as can cognitive inattention.
The therapist, if possible, needs to differentiate a sensory in
put from a motor output impairment and also differentiate
these from a deficit in cognitive functioning so that the ap
propriate intervention can be implemented.
Treatment Goals. Goals are to improve initiation of active
movement, including the "strength" and the speed of the
motion. Treatment measures may include testing the speed
or delay in movement initiation, the range through which
movement occurs, and the strength of the response.
Treatment Techniques. If the patient has difficulty initiat
ing movement in the presence of increased tone, e.g., an in
dividual with Parkinson's disease, rhythmic initiation CRI) is
chosen to facilitate active movement. Because of the repeti
tive motion, RI also is appropriate for patients experiencing
difficulty in learning movements. If the patient has difficulty
initiating contractions in the postural extensors associated
with muscle weakness, hold relax active motion (HRAM) is
performed to improve the holding ability in shortened
ranges and the ability to initiate movement from the length
ened range. If weakness is primarily in the flexor muscles,
the technique of repeated contractions (Re) may promote
increased motor unit activation by superimposing a stretch
response onto a voluntary contraction. By stimulating mus
cle spindle activity, these techniques also may enhance pe
ripheral proprioceptive input. Electrical stimulation may
augment voluntary contractions if the problem is localized,
e.g., in the anterior tibialis muscle.
As with the exercises to improve PROM, when promoting
the initiation of movement, postures are chosen in which the
involved segment is non-weight bearing. For example, if the
goal is to improve the initiation of ankle dorsiflexion, sitting

with the knee in a comfortable amount of extension may
be appropriate.
Stability
Muscle Stability
Muscle stability is the ability of postural muscles to hold
for at least 10 seconds in their shortened ranges. Holding in
the shortened range requires co-activation of the alpha and
gamma motor units to contract the extrafusal and intrafusal
muscle fibers. Thus, stretch sensitivity of the muscle spindle
is indirectly assessed as the patient holds the contraction in
the shortened range.
Impairment. The postural extensor muscles are weak,
with decreased ability to sustain isometric contractions in
the shortened range against gravitational or manual resis
tance. Diminished proprioception associated with poor po
sition or movement sense, in other than extreme ranges, also
is related to decreased muscle spindle responses. 70
Functional Implications. Maintenance of a contraction
with resistance and approximately 40% effort is performed
primarily by type I muscle fibers. In elderly patients with de
creased strength and a decreased circulatory muscle bed, at
tempts at holding may require proportionally more effort
and muscular contractions may become anaerobic more
rapidly. Another factor that may contribute to their weak
ness is a sedentary life-style, in particular prolonged sitting,
that results in maintained lengthened ranges of the trunk
and lower extremity postural extensors. Although in elderly
patients the loss of type II motor units appears to predomi
nate, many clinical findings suggest a decreased holding abil
ity or loss of type I motor unit functioning. These findings
include fatigue; reduced aerobic capacity; poor postural sta
bility; and the decreased ability to maintain erect, upright
postures. Promoting muscle stability provides the prerequi
site control in the postural muscles of the trunk, hips, knees,
and ankles to more adequately maintain body weight in up
right positions. The improved postural awareness that may
accompany improved muscle spindle feedback may enhance
the learning of gait patterns and "correct" posture.
Treatment Goals. The goal is to improve isometric
"strength;' endurance, or duration of low- to moderate
intensity muscle contractions. Treatment measures include
tests of isometric strength in the shortened range for a
longer duration, the reduction of an active lag, improvement
in proprioceptive awareness, and improved muscle en
durance. Functionally, muscle stability improvement may be
observed as the patient stands more erect for a longer dura
tion because the hip and lower trunk extensors can hold in
the shortened range.
Treatment Techniques. The technique of a shortened held
resisted contraction (SHRC) can be used to facilitate an iso
metric contraction of the trunk, hip, knee, and ankle exten
sors in their shortened ranges. With this technique, the pa
tient maintains an isometric contraction in or near the
shortened range of the extensor muscles for approximately
10 seconds, then progresses to greater duration. Increasing
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the duration of the contraction is the initial means of pro
gressing the challenge and is essential to reducing muscle fa
tigue. The type and amount of resistive force can be altered
among gravity or manual or mechanical forces. The con
tractions should be graded to approximately 40% of maxi
mum effort to foster contraction of primarily slow-twitch
fibers. The duration of the contraction is gradually increased
while the patient maintains this intensity level. The individ
ual should be able to breathe comfortably during the exer
cise, which assists in ensuring that the response remains
aerobic. Heart rate and blood pressure may need to be mon
itored, particularly if the patient has cardiac dysfunction. In
these cases the intensity of response may need to be de
creased. The duration of the contraction can be progressed
by counting the number of breaths the patient takes while
maintaining the contraction rather than by counting the
number of seconds. For example, "hold the position for
three breaths and progress to holding for five breaths." After
increasing the duration, the number of repetitions, or fre
quency, of the exercise is increased. The patient should be
encouraged to hold in progressively shorter and shorter
ranges until holding in the shortened range can be achieved.
The supine position is initially chosen when the goal is to
improve muscle stability in the extensors of the lower trunk,
hip, and knee to decrease the resistive effects of gravity. A pil
low is placed under the knees, and the patient instructed to
"push the knees down into the pillow and lift the hips and
lower body." Upper body muscle stability also can be per
formed in supine by instructing the patient to "push the el
bows into the bed, pinch the shoulder blades together, and
lift the chest up toward the ceiling." This upper body exercise
also can be performed in the sitting position using elastic
band or pulley resistance.
Postural Stability
Postural stability is the ability to maintain weight -bearing
postures for the amount of time needed by the patient to
perform functional tasks. This stage is also termed static pos
tural control, static balance, and static stability.
Impairment. The decreased ability to maintain midline
or weight-bearing postures may be the result of diminished
ROM, sensory awareness, speed or strength of muscular re
sponses, ability to alter contraction between antagonists in
midranges, or ability to grade the strength or timing of the
response. ROM is addressed in the mobility stage and sen
sory awareness in the muscle stability level of controL
Functional Implications. A posture must be maintained
either by external supports or by muscular forces before
functional activities can be performed in that posture. Main
taining the upright posture of standing-important for
many ADL functions-is prerequisite to ambulation for
most individuals. However, standing and walking differ in
their muscular activity and kinetics due to their varied static
and dynamic nature.
Some patients who have impairments commpnlyassoci
ated with poor balance, such as diminished proprioception
and strength, seem to abnormally stiffen while attempting to
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maintain a static position. They demonstrate less than the
usual amount of sway and may have great difficulty pro
gressing onto dynamic stability. The underlying muscle and
postural stability impairments that have necessitated the
stiffening compensation need to be addressed with appro
priate intervention.
Treatment Goals. The goal is to increase the length of
time the patient is able to maintain postures such as sit
ting and standing. At the muscle level, measures can be im
provement in the "strength" of the isometric response; in
the timing of the response, i.e., reducing the time lag be
tween the application of resistance and the muscle's re
sponse; and in position or movement sense. The clinical
measures also can include the duration that the posture is
maintained, the correctness and awareness of postural align
ment, and the amount of sway that occurs while the position
is maintained. Postural stability, particularly in the lower
body extensors, can be promoted in less-demanding posi
tions, such as bridging and modified plantigrade, as well as
in standing.
Treatment Techniques. Alternating isometrics (AI) and
rhythmic stabilization (RS) are techniques that can be ap
plied to the shoulders or hips with the patient in upright
postures. A minimal to moderate amount of resistance is ap
plied slowly, consistent with the patient's ability. The speed
of resistance can be gradually increased, coupled with a re
duced intensity to improve the patient's response time. Ini
tially, resistance may be performed in a rhythmic manner, al
lowing the patient to anticipate the changes to assist in
learning the responses. The timing and intensity of the resis
tance progresses to an irregular pattern to promote the an
ticipatory responses needed during dynamic functional ac
tivities. As these parameters are gradually altered, sensory
stimuli also are diminished by having the patient maintain
postures and balance without vision or to stand on foam.
During these more difficult conditions, to improve aware
ness of peripheral input, the patient may be cued to focus on
foot and ankle sensations as the techniques are applied. Re
sistance can be applied with free weights, pulleys, or elastic,
and the patient can isometrically "disturb" his/her own bal
ance by pushing or pulling against an immovable object. In
other postures, e.g., bridging or modified plantigrade, AI
and RS can be applied to promote specific hip or knee con
trol, or the patient can attempt to maintain the postures
without external resistance for longer periods to improve
muscle endurance. If the patient seems to have difficulty
with stability at the ankle, noted either by an excessive ankle
strategy or a compensatory hip strategy, AI and RS can be
applied with the patient sitting, placement of the limb in a
non-weight-bearing position, and with a manual contact
above and below the ankle to enhance the muscle and sen
sory responses.
Controlled Mobility
The concentric-eccentric muscle contractions in weight
bearing postures that occur at this stage are also termed
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dynamic stability, weight shifting, and eccentric control in the
posture.
Impairments. Many of the impairments classified at this
stage can result from deficits in the mobility and stability
stages. However, studies have noted that during weight shift
ing within a posture, older persons have less ability to con
trol the outer limits of sway, even though they may be able
to maintain a static posture.86 It is not clear whether this
weight-shifting difficulty is related to the range required
during movement, to the decreased sensory awareness, or to
the diminished motor ability to modify and increase force
production as the center of mass moves. 85 Eccentric contrac
tions, although requiring less capacity and force, may require
more control than concentric contractions and are essential
to self-controlled weight-shifting activities. In addition to
promoting more advanced movement control, weight shift
ing over a limb increases the muscular and weight-bearing
forces on bones-a consideration for those with osteoporo
sis. Within the trunk, this stage is addressed during rolling
movements by controlling a log-rolling movement.
Functional Implications. Pelvic rotation during gait is
commonly limited in the elderly. However, analysis of trunk
motion has not differentiated between the available passive
movement and the active ability to control that movement.
Functionally, older persons tend to rotate the body less and
have difficulty isolating neck rotation. In addition, weight
transference time has been shown to be delayed in the el
derly during gait initiation.62 As weight shifting improves,
the speed of the movement also should increase, which may
be demonstrated as improved gait initiation and weight ex
change. A deficit in eccentric control in the quadriceps and
gluteals may be evaluated during the functional activities of
descending stairs and moving from standing to sitting.
Treatment Goals. Goals can include increased excursion
of sway, greater control of sway at the ankles rather than at
more cephalo areas, and improved timing of gait initiation.
Clinical monitors can include the distance that movement
can be controlled, termed dynamic balance, or the limit of
stability. Sitting and standing reaching tests in different
planes of movement can standardize the measureY Antici
patory responses to changes in the body's center of mass can
be observed, e.g., as the patient sways in standing or moves
an upper extremity while standing. The therapist also may
monitor concentric-eccentric movement through increasing
range at this stage. Because muscle control through range is
needed, measures can be concentric-eccentric "strength and
endurance:' including determining movement of knee ex
tension in the sitting posture, testing the amount of weight
lifted and lowered by the quadriceps, and counting the num
ber of repetitions performed with a consistent amount of
weight.
Treatment Techniques. Weight shifting can be performed
either as a concentric-eccentric reversal of one muscle
group, termed agonistic reversal (AR), or as a reversal of an
tagonists, termed slow reversal hold (SRH) or slow reversal
(SR). In either condition, resistance can be applied manually

or with weights. Progression is achieved by (1) increasing the
range of movement, which in turn requires an increase in
the ability to control the excursion of the center of gravity;
(2) moving the center of gravity over a fixed base of support,
then moving the base of support under the center of mass;
(3) performing movements on a stable surface, then on an
unstable base; and (4) altering the sensory conditions. For
example, in standing, weight shifting or swaying over the feet
is performed before raising on the toes or heels, which de
creases the size of the base. On a balance board a similar se
quence is to maintain the position, then shift the position of
the board. In both conditions, the weight-shifting motion is
encouraged at the ankle to promote a more normal ankle
strategy.86 The sensory conditions can be altered to challenge
vestibular and proprioceptive mechanisms: vision can be ob
scured or the individual can stand on foam.
The technique ofAR can promote eccentric control of the
quadriceps in the modified plantigrade position and of the
gluteals in bridging. AR can also be applied to limb move
ments such as knee extension to improve the "strength" of
the quadriceps. The patient can be sitting and lifting a
weight, which makes the exercise non-weight bearing, or the
patient may be in modified plantigrade with an elastic band
secured to a table to resist knee extension, which would be a
weight-bearing exercise. Proprioceptive feedback and motor
unit activity are enhanced during these procedures as body
weight or additional resistance is added.
Static-Dynamic
The static-dynamic level is a transition between controlled
mobility and skill. In weight-bearing postures it encom
passes activities in which the base of support is reduced, e.g.,
unilateral standing. Within the trunk, segmental upper- and
lower-body movements occur at this level. In total body ac
tivities, this level is represented by movements between pos
tures or transitional movements, e.g., moving from sitting to
standing back to sitting.
Impairment. Diminished stability in a posture in which
the base of support has been reduced is not an uncommon
finding. An example is the difference in the length of time
that bilateral compared with unilateral standing can be
maintained. With the reduced base there is a greater amount
of body weight supported by the remaining limbs, a more
limited possible excursion of the center of pressure, and a
greater compression through the weight-bearing joints. Im
pairments that can contribute to static-dynamic limitations
include diminished dynamic balance from motor or sensory
loss, decreased strength, limited PROM, or pain with in
creased weight bearing. These impairments can also limit
control of trunk segmental movements.
Functional Implications. Unilateral stance is important
for many functional activities, such as climbing stairs and
dressing. The time that unilateral standing can be main
tained has been shown to be related to the time and quality
of stair climbing. 12a.ls Elderly persons have a great deal of
difficulty with both unilateral weight bearing in standing
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and transitional movements. However, the functional impli
cations of these findings have been controversial. Winter
and colleagues, in their assessment of ambulation in elite
elderly, described a poor relationship between static balance
in unilateral standing and ambulation. They found that
during the unilateral stance phase of gait, the center of
pressure stayed more central and did not shift laterally as
much as occurred when the person maintained unilateral
standing.82 In younger persons and in the fit elderly, the
muscular responses that control the mass of the upper body
during ambulation occur primarily in the hip and back
extensors and hip abductors. In contrast to the findings
with elite elderly patients, the gait pattern of less active el
derly subjects demonstrates a slower ambulatory speed,
longer stance time, and increased lateral sway in the upper
body.36.59 These conditions may alter the center of mass-BoS
relationship and the needed muscular responses to support
the biomechanical requirements of ambulation. In some
elderly persons the wider BoS that occurs during ambula
tion may alter the amount of abductor muscle activity re
quired and increase the similarity between unilateral stand
ing and gait. During ambulation, trunk counter-rotation
occurs. At this static-dynamic level, segmental trunk move
ments are encouraged in anticipation of the progression to
counter-rotation.
Another difference between unilateral standing and gait
is the distribution of forces at the ankle and hip. Unilateral
standing requires sufficient range; position sensej and mus
cular control in the subtalar and hip joints, primarily in the
medial-lateral direction. Gait on a flat, smooth surface-the
most commonly measured-is controlled more in an
anterior-posterior plane. However, walking on uneven sur
faces also challenges medial-lateral control. Because of the
difficulty in obtaining objective measures of sensation and
motor control in these regions, deficits are not commonly
documented in elderly populations.
Many older people are reported to fall during transi
tional movements from supine to sitting and from sitting to
standing,67 which may be due to decreased range weakness
in the quadriceps and gluteals, postural hypotension, and
dizziness. To determine whether hypotension is the prob
lem, heart rate and blood pressure should be measured be
fore and after positional change. In anticipation of hy
potension, elderly patients should be encouraged to
maintain the new position for a few seconds before contin
uing with an activity.
Treatment Goals. The ability to maintain unilateral
stance and perform transitional movements between pos
tures is the focus at this stage. Dynamic stability required
for unilateral stance; the simulation of one step of the gait
cycle; segmental trunk rotation; and the ability to perform
transitional movements between postures, such as from
supine to sidelying, then to sitting, and standing are included
at this stage.
Treatment Techniques. The patient can independently
maintain a variety of weight-bearing positions with a re
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duced base of support, with or without resistance. AI and RS
can be used to enhance stability control of the supporting
segments; active movement, SRH, and SR can be added to
improve dynamic control. A home exercise program can eas
ily include unilateral limb movements in modified planti
grade that progress to contralateral movements. Within the
trunk, segmental upper and lower trunk motions can be em
phasized in a variety of postures. For example, while sitting,
trunk segmental movements can first be performed with the
upper body moving on a fixed lower trunk; this is followed
by lower trunk movement under a stabilized upper body.
Both of these movements are needed to assist the patient in
scooting forward in a chair.

Skill
Locomotion and Manipulation
The skill stage encompasses the functional activities the
patient performs. These ambulatory activities and ADL can
be performed with age-adjusted normal control, or func
tionally with abnormal timing, incoordination, or bilateral
inequality. Most commonly, when performed with normal
control the activity is less energy consuming. However, the
outcome of intervention is improved function. The therapist
needs to consider all types of intervention strategies beyond
remediation, including compensatory movements, adaptive
and assistive devices and aides, and environmental modifica
tions, to achieve the outcome.
Impairment. The impairments at this skill stage include
deficits in the normal distal-to-proximal timing of move
ment and the sequencing and speed of the functional task.
Functional Implications. The therapist needs to differen
tiate between ambulation with normal control and func
tional ambulation, which may be slower and performed with
assistive devices. Some patients appear to have no control
impairments yet have difficulty ambulating within their en
vironment. In these cases the deficit may be due to decreased
automatic movement, difficulty learning and transferring
functional abilities to other environmental conditions, or re
duced exercise capacity for movement. For example, some
elderly patients with primarily cognitive deficits may have
difficulty walking in a new environment, particularly if they
cannot remember directions. 19 The problem may be one of
motor learning, of adapting to the environment, or of un
derstanding the task-rather than of deficits of motor con
trol or exercise capacity. Difficulty with execution that is not
related to range, strength, or control may be due to deficits
in memory and cognitive function, necessitating particular
learning strategies, including increasing practice repetitions
or modifying the environmental demands. Some patients
who fear falling may have increased anxiety during ambula
tion, which can alter the movement quality.
Treatment Goals. When setting goals the therapist must
keep in mind the age-appropriate standard for each patient.
At this stage the normal timing and sequencing of move
ment are promoted to achieve a more normal quality and
velocity of ambulation. To improve gait velocity, McIntosh
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investigated the addition of rhythmic auditory stimulation
in persons with Parkinson's disease and healthy elderly. Au
ditory input set at 10% faster speed than the person's base
line gait pattern produced greater gait velocity, cadence, and
stride length in all groupS.57 Goals also include ambulation
on a variety of surfaces, including uneven ground, ramps
and stairs. These additional ambulatory challenges may be
limited by impairments at earlier stages. For example, walk
ing on uneven ground may be limited by impaired ankle sta
bility, and ascending ramps may be problematic due to de
creased ankle PROM (the mobility stage). Even when the
patient is functionally ambulatory, impairments at earlier
stages need to be considered when determining the most ef
fective intervention procedures. As has been described, many
of these procedures can be performed in group or home ex
ercise programs.
Treatment Techniques. Practicing the functional task
whether it be walking, dressing, or feeding-under a variety
of environmental conditions is emphasized at this skill stage.
When the patient has difficulty performing the functional
movement, the therapist determines the underlying impair
ments and develops a program to rectify those components,
as has been described. The techniques at the skill stage pro
mote the timing and sequencing of responses. Resisted pro
gression (RP) is used to improve the sequencing of body
segments during gait. Manual contacts are commonly posi
tioned on the pelvis to guide and direct the proper progres
sion. Additional support may be provided by parallel bars,
an assistive device, or having the patient hold the therapist's
shoulders. If the patient has difficulty activating the distal
musculature at the initiation of movement, the technique
of normal timing (NT) may be indicated. For example, at
the beginning of the swing phase, a patient may have diffi
culty initiating dorsiflexion, even though there is sufficient
strength at other points in the range. At the initiation of
the limb movement, the speed of dorsiflexion is facilitated
by repeated stretches added to the voluntary attempt. For
patients who have more difficulty with the timing and con
trol of proximal segments, the techniques of SR, SRH, and
AR are used in less challenging postures, such as modified
plantigrade.
Strength and Endurance
Impairment. Power and endurance of responses com
monly are decreased. Strengthening is an inherent aspect of
each stage of control and capacity. Strength impairments
may be a result of delayed or improper neural messages lead
ing to activation of an insufficient number of motor units in
an inappropriate sequence, a reduction in the actual number
of motor units, or an inadequate actin-myosin bond. Re
duced aerobic capacity can be a result of decreased circula
tory bed in the muscle, poor nutrients to the muscle, and di
minished central and peripheral circulatory support. The
performance of many functional activities, including walk
ing and stair climbing, can be limited by both control and
capacity factors. While increasing strength in elderly pa
tients, the frequency, duration, intensity, and speed of the

procedures must be carefully monitored to work within and
improve the patient's movement capacity without overtax
ing the physiological capability, thereby accounting for the
slower healing time after an insult.
Treatment Techniques. RC and timing for emphasis (TE)
are performed to enhance motor responses and to promote
overflow from stronger segments. Techniques such as AI,
SRH, and AR, which are used to promote specific stages of
movement control, can be performed with increasing resis
tance to enhance isometric, isotonic, or eccentric responses
and with additional repetitions to further improve en
durance. In addition, endurance can be promoted by having
the patient increase the frequency of the task as part of a su
pervised group or home program using elastic or weight re
sistance. Pulleys, weights, or isokinetic devices provide a use
ful adjunct to the strengthening and endurance program.

Case Study
Mrs. J is a 79-year-old with increasing difficulty walking on
uneven surfaces and complains of an unsteady gait. To eval
uate her status, the environmental, social, and psychological
factors that may be influencing her ambulation are exam
ined during the history. Then the impairments related to the
functional outcome of ambulation are determined by sys
tems review and specific tests and measures. These impair
ments are then sequenced within the stages of movement
control with consideration of her movement capacity. In the
clinical decision-making process, the next step is to develop
the intervention plan and to determine specific treatment
procedures leading toward the anticipated goals and desired
functional outcome.
Mrs. J's functional limitations are decreased walking
speed and poor ability to climb stairs; she uses a bannister
and descends step to step. The environmental, psychological,
and medical factors that may pO$itively or negatively influ
ence her physical functioning include living in a second
floor walk-up residence, enjoying a close friendship circle
with the local church group, having medical costs paid by
Medicare, being an insulin-dependent diabetic, having slight
hypertension, showing some evidence of osteoarthritis (OA)
of the knees by radiograph, and presently being satisfied
with life but concerned about a sick spouse. Measurements
of the physical systems have noted reduced range in the
trunk into extension and rotation; stiffness near the ends of
range in the lower extremities; diminished sensation, includ
ing position sense in the feet and toes; minimal swelling
around the ankles; decreased muscle strength of 4-/5 in the
lower extremity extensors and 315 of the dorsiflexors; and
decreased ability to maintain standing without vision. The
patient has reduced aerobic capacity, as demonstrated by in
creased heart rate, respiratory rate, and blood pressure while
climbing one flight of stairs (Fig. 19-12). Organizing the
findings in the Evaluation Model will help the therapist dif
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Functional Capability
Ambulation
Manipulation
Communication

Good life satisfaction
Diabetes

Close friends

MOVEMENT CONTROL

J- Strength
J- Balance

FIG.19-12

Evaluation model with findings of Mrs. J.

ferentiate problems from environmental vs. physical origin
and then determine whether the limitation is more easily
rectified by modifying the environment, by teaching com
pensatory strategies, or by changing the person.
The impairments are classified into the intervention
model and according to their control or capacity character
istics. For example, the decreased trunk and limb range
would be classified under mobility-ROM; the decreased abil
ity to maintain standing is related to the stability stage. Di
minished aerobic capacity during walking comes within the
duration, frequency, and intensity of this skilled activity.
The functional outcome desired by the patient is multi
faceted: to maintain independent community living, includ
ing ambulation on all surfaces and stairs; to improve safety;
and to increase walking speed. The therapist determines
which impairments need to be changed to achieve these out
comes. The impairments that are amenable to change com
pared with those that may require compensatory strategies
or modifications of the environment are determined. Con
sidering these three alternatives, the degree of independence
that can be achieved and the projected time required to ac
complish both treatment goals and functional outcomes can
then be projected.
The treatment goals sequenced within the model are
stated as positive changes in the impairments. Some goals
anticipate change in the individual and may include increas
ing ROM in the hips, knees, ankles, spine, and proximal up
per extremities; improving the ability to initiate movement

at a speed, frequency, and intensity necessary for static and
dynamic postural responses and ambulation; improving sta
tic and dynamic stability of the postural muscles with the se
quencing and duration needed for postural responses and
for ambulation; and improving strength in the postural
muscles during weight-bearing activities, including concen
tric and eccentric contractions with the needed intensity, du
ration, and frequency for functional activities.
If change in the person is not realistic, then adaptive and
assistive strategies and environmental change may be needed
and may include adding a half stair to reduce the ROM re
quirements of stair climbing; adding a raised toilet seat and
bars if decreased lower extremity range or strength requires
this modification; additional assistive devices to improve
stability and speed while ambulating; increasing the stability
of and adding an additional bannister to provide external
support for stair climbing; and improving patient shoe sup
port and augmenting education regarding foot care.

Plan of Care and Intervention
During intervention, many stages of movement control can
be achieved simultaneously, but the procedures usually be
gin at the mobility stage because the other stages cannot
occur without range and the ability to initiate movement.
In addition, this ensures a better chance of success. With
Mrs. J, intervention would begin with improving the range
in her trunk and lower extremities, enhancing the holding
ability of her postural extensors, and improving her ability

,

.""

i

..~

•""
I~

312

Part Three

PROBLEMS AND PROCEDURES

to maintain postures. The treatment procedures can be pro
gressed by changing any of the three units of the procedure:
the activity, the posture, and movement pattern; the stage of
control and particular techniques; or the exercise parame
ters. For example, when range in the ankle and hips has
shown some improvement and static standing balance is
better, then promoting eccentric control of the ankle mus
culature and dynamic standing balance would be logical
progressions. In addition, by varying the environmental
conditions, such as the chair height, the floor surface, or the
treatment location, the physical demands can be altered and
the ability for Mrs. J to generalize to other situations are en
hanced. Her home program would include procedures that
have been shown to be successful in the clinic and therefore
are one stage less difficult than the procedures currently be
ing performed by the therapist. The endurance for exercise
can be improved by increasing the duration and frequency
of the program. Depending on the changes occurring in her
physical status, her home environment would be modified as
needed.

Specific Procedures for Direct Interventions
The suggestions made for the intervention sequence incor
porate progressions of the activity; the postures chosen; and
the stages of movement control, beginning with the least dif
ficult and moving to those requiring more skill. These sug
gestions represent a general perspective that may need to
be modified for individual patients. Many of these proce
dures can be performed as group activities, especially with
persons functioning at high levels or those with similar im
pairments. Group activities, in addition to improving the
physical parameters, may enhance socialization and promote
discussion about creative ways to overcome physical impair
ments. This exercise program might also be appropriate to
prevent common impairments and improve or maintain
functional capability.
The duration, frequency, and intensity of all of these pro
cedures must be monitored and individually adapted. If
the program developed is too vigorous, the individual may
complain of tissue soreness and be discouraged from partic
ipating, or the program may stress cardiopulmonary struc
tures, and excessive fatigue or other signs may result. Tissue
changes that have occurred over a long time will take time to
reverse. Many procedures are suggested so that the program
can be varied and address many of the existing and antici
pated problems.
The procedures are sequenced according to the difficulty
of treatment activities, the postures, and movement pat
terns. This progression is chosen to decrease the need to
move Mrs. J between postures during treatment. The stages
of movement control are sequenced within each activity.
Procedures in Supine
In supine, upper trunk extension can be combined with
scapula retraction and shoulder flexion, abduction, and ex
ternal rotation. In the lower body, the movements that can

be performed in supine include trunk flexion, extension, and
rotation; hip flexion, extension, and rotation; and ankle
movements.
Mobility-ROM: Goals include improving or maintain
ing range and decreasing tissue stiffness, particularly in the
trunk, hips, knees, and ankles. Techniques to achieve these
goals include heat, massage, HR, and joint mobilization.
Mobility-Initiation of Movement: Goals include im
proving the ability to initiate and move through the range.
Although Mrs. J is ambulatory and can initiate all move
ments, because her ankle musculature is weak and the tim
ing of the contraction is slowed, the initiation of ankle dor
siflexion and plantar flexion is emphasized. 53 ,55 HRAM, RC,
and electrical stimulation are techniques that may be used to
achieve these goals.
Stability-Muscle: Goals include holding an isometric
contraction in the shortened range of the postural extensors.
The duration of this low-intensity isometric contraction is
gradually increased from 5 to 30 to 60 seconds. The level of
intensity begins with gravitational resistance in spine, then
external resistance may be added. In supine, the lower body
extensors are resisted by placing a pillow under the knees
and having Mrs. J perform quadriceps and gluteal sets by
pushing into the pillow. At home, she increases the dura
tion of the holding contraction, being careful to breathe
smoothly during the exercise. The difficulty can be increased
by altering the gravitational resistance and having Mrs. J roll
into the prone position and hold with the postural extensors
and scapula retractors. This position also is beneficial to
stretch her tight hip flexors. By stretching hip flexors and
strengthening trunk and hip extensors, she may be able to
stand more erect and have a greater range into hip extension
during gait. When positioning patients in prone, care must
be taken to monitor heart rate and ease of respiration
common problems of those with hypertension. If CVP prob
lems arise, an alternative posture in which to resist the upper
trunk extensors, such as sitting, would be chosen.
Procedures in the Hooklying Posture
Mobility: Although a pelvic tilt can be performed in this
posture, range into lumbar flexion is not commonly a prob
lem. To increase range of lumbar rotation, hooklying is an
appropriate posture for the spine and is not weight bear
ing-a consideration for those with osteopenia. The tech
nique to increase range of the muscular tissue would be HR.
Once range is gained, the patient can maintain that range by
performing rhythmic rotational movements to the end of
range as part of the home program. The increased lower
trunk rotation is desired for improved pelvic rotation and
stride length during gait.
Stability: Maintaining the posture and improving isomet
ric ability of the lower abdominals and back extensors can be
enhanced by AI with manual contacts on the knees. The pa
tient can perform lower abdominal exercises by flattening the
back, drawing in the abdomen and bringing one knee toward
the chest. Most elders will not have sufficient abdominal con
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trol to maintain the lumbar spine position and bring the other
leg toward the chest as well. To resist a hip abduction motion,
an elastic strapping can be placed around the knees.
Procedures in the Bridging Posture
In bridging the lower trunk and hip extensors, and the hip
abductors can be enhanced in their shortened ranges.
Mobility: The patient needs to have sufficient range in
the hip flexors and strength in the trunk and hip extensors
(3/5) so that the hips can be extended. If not, mobility is
gained in non-weight-bearing postures, such as supine or
prone. If the hip extensors cannot overcome the resistance of
gravity, their strength is increased in supine muscle stability.
Stability: As Mrs. J maintains the position for an in
creasing amount of time, the endurance of the back and hip
extensors is increasing. The techniques ofAI and RS with re
sistance provided at the hips, knees, or ankles can progres
sively increase the difficulty of the procedure. Improving the
stance phase of gait and unilateral stance for stair climbing is
a goal. As part of her home program, resistance is provided
by elastic material placed at the pelvis or knees to emphasize
extensor or abductor control.
Controlled Mobility: Pelvic lateral shifting and rotation
can be performed independently by Mrs. J as part of her
home program as well as with the SRH technique. The con
centric-eccentric reversal of moving into and out of bridging
is designed to help her descend stairs.
Static-Dynamic: Lifting one leg from the supporting
surface increases the resistance to the supporting limb and
focuses on the control needed for unilateral stance and sin
gle-limb support while descending stairs.
Procedures in the Sitting Posture
The movements that can be performed in sitting include up
per trunk extension, trunk extension with rotation, lumbar
spine extension and flexion, hip flexion, knee flexion and ex
tension, and ankle dorsiflexion.
Mobility: Range can be gained in the upper trunk and
upper extremities and into hip flexion with the techniques of
HR and joint mobilization. This range can be maintained by
self-stretching movements.
Stability: Holding in the shortened range of the upper
trunk extensors and scapul~r retractors can be performed,
with resistance provided manually, by pulleys, or by elastic
material.
Controlled Mobility: Weight shifting of the trunk on the
hips will improve the control needed for assuming standing
from sitting and the movements needed during dressing.
Skill: Lower-extremity movements can emphasize the
quadriceps and dorsiflexor activity that is required for pos
tural responses in standing and during the gait sequence.
Many elders may lose their balance backward when reaching
overhead or looking up. Improved dorsiflexor and quadri
ceps control may help to reduce this tendency. For many el
ders, weak quadriceps may limit stair climbing and moving
between standing and sitting. Elastic band, isotonic, or iso
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kinetic resistance may be appropriate to increase quadriceps
strength.
Activities in the Modified Plantigrade Position
Modified plantigrade treatment can include exercises for the
lower trunk, knee extensors, and ankle. Control around
these joints can be emphasized in this posture, which is also
easily incorporated into the home program.
Controlled Mobility: Weight shifting and performing
small-range knee extensor eccentric exercises are directed to
ward improving Mrs. J's ability to descend stairs. By posi
tioning an elastic band around her knee and attaching it to
an immovable object, such as the leg of a table, concentric
eccentric resistance can be added to quadriceps and ham
string contractions.
Static-Dynamic: Lifting one upper or lower extremity
can be performed with gradually increasing resistance pro
vided by an elastic band or a weight. Improved control over
unilateral stance and reduced fatigue of the trunk extensors
are the goals.
Procedures in Standing
In standing, trunk, hip, knee, and ankle control can be en
hanced. Because these are more difficult procedures, Mrs. J
may require additional support, such as the parallel bars or
standing next to a stable surface.
Controlled Mobility and Static-Dynamic: During both
bilateral and unilateral standing, weight shifting can be per
formed rocking the body in various directions and then
rocking up on toes and heels. Changing the surface to a bal
ance board will further challenge responses. If enhanced
proprioceptive awareness is desired to improve her confi
dence in walking on uneven surfaces or in the dark, these
balance tasks can be performed with the eyes closed. As this
increased challenge is undertaken, the parallel bars or other
supporting surfaces are used to ensure safety.
Skill: Resisted progression can emphasize the sequencing
of pelvic motions during gait. At this skill stage the activity
itself is practiced to enhance learning and improve en
durance. A treadmill may be useful for this. To improve CVP
endurance, upper and lower body ergometers (bicycles) may
be appropriate.
The quadruped posture was not included in Mrs. 1's
treatment program because of her age, cardiac status, and
arthritic knees. However, for others it may be very appropri
ate to increase upper extremity weight bearing and improve
trunk stability.

SUMMARY
In this chapter the common ambulatory findings related to
the changes in the physical systems in the elderly have been
described. The clinical decision-making process related these
examination findings to possible intervention strategies. The
intervention related to ambulatory deficits in the elderly fo
cused on examining the underlying impairments, evaluating
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the interrelationships of the impairments, and determining
the most effective and efficient strategy for achieving the
functional outcome. The plan followed the stages of move
ment control to achieve the treatment goals in a progressive
and orderly sequence.
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orthosis. For example, a solid plastic AFO molded in 0 de
grees of dorsiflexion (therefore not allowing plantar flexion)
would be called an AFO with a plantar flexion stop. This can
be taken one step further by indicating where in the range of
motion the stop is occurring, e.g., AFO with plantar flexion

stop at 0 degrees.

The use of lower extremity orthoses with elderly patients can
make the difference between independent function and dis
ability. Today's technology has made orthoses lighter and
easier to don and doff. The keys to success in orthotic man
agement are a thorough examination and evaluation that
highlight the patient's impairments, functional limitations,
and disability. This allows for proper matching of the ortho
sis to the needs of the patient. IS

Stops can also be used to control motion rather than
eliminate it altogether. A limited motion stop allows for a cer
tain amount of movement while maintaining some restraint.
An example of this would be an AFO with a 15 degree limited
motion stop (10 degrees dorsiflexion and 5 degrees plantar
flexion).
Orthotic joints can have several characteristics. A free
joint is one that has no limitations of motion. An adjustable
joint is one that may be altered to allow free motion, limited
motion, or no motion at all. Joints that assist motion have an
external force that aids in increasing the range, velocity, or
force of the desired motion. Joints that resist motion have an
external force that decreases the ,range, velocity, or force of
the desired motion. A lock on a joint is used to selectively
stop joint motion (Fig. 20-1).

Terminology

Functions

By definition, an orthosis is a device that is applied around a
body segment. Orthotics is the art and science of fabricating
orthoses, and an orthotist is the professionally trained fabri
cator and fitter of these devices.
By convention, orthoses are named by the joint(s) that
the device encompasses. An orthosis that fits into the shoe is
called a foot orthosis (FO). If this device also crosses the an
kle, it is known as an ankle foot orthosis (APO). When the de
vice spans the knee as well, it is called a knee ankle foot or
thosis (KAFO). However, if the orthosis only covers the knee
or the ankle, it is known as a knee ortlwsis (KO) or an ankle
orthosis (AO), respectively.
Orthoses have characteristic components that determine
function. A stop indicates a motion that is not allowed by the

Orthoses have a variety of purposes and can be characterized
based on their role. These include resting, functional, dy
namic, static, and weight bearing. A resting orthosis provides
a neutral joint position to counteract the forces of gravity or
muscle imbalances. It prevents overstretching of muscle
tendon units and decreases joint irritation. Resting orthosis
may be used with patients who have suffered from transient
neurological problems, such as Guillain-Barre syndrome,
acute head trauma, and acute stroke. These orthoses can also
be used for acute orthopedic diseases and injuries, such as
rheumatoid arthritis, myositis, tendinitis, and joint injuries.
A functional orthosis provides a substitution for muscle
function through stabilization of a joint or by acting as the
prime mover of a joint. It improves the functional capacity
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and can actually replace paralytic muscles . This is espe
cially effective in p atients with upper extremity dysfunction,
such as severe arthritis, brachial plexus injuries, or quadri
plegia. These orthoses are not often used in the lower ex
tremity because of the large weight-bearing forces involved
in ambulation.
Dynamic orthoses prevent or correct an ongoing defor
mity. Commonly seen in the treatment of patients with idio
pathic scoliosis, these orthoses improve the condition or the
weakness through facilitation of muscles by positioning.
These orthoses also may be used in management of patients
with peripheral neuropathies and transient muscle weakness.
Static orthoses work to stabilize or immobilize joints. T hey
prevent contractures, promote healing, and sometimes relieve
pain. Patients with ankle sprains, chondromalacia patella,
and low back or neck pain will benefit from a static orthosis.
The weight-bearing orthosis affects the distribution of
weight to allow proper healing and sometimes early am
bulation. It is commonly used in patients wi th femoral and
tibial fractures after open reduction internal fixation or cast
removal.
Orthoses can be made out of various forms of plastic,
metal, and/or leather. They can e prefabricated by size or
custom molded. The more elaborate and custom the design,
the greater the cost. Lower extremity orthoses require ap
propriate footwear to refine control and fit.

Shoes
Several characteristics are requ ired in shoes for proper fit of
an orthosis, especially in patients with lower extremity im
pairments. Tie shoes are most appropriate for these patients.
Balmoral style shoes are stitched down in front along the
metatarsal area. The Blucher shoe is not stitched down over
the base of the tongue, therefore making it easier to pull the
tongue forward to allow for placement of an orthosis.
A shoe is made up of three parts: the upper, the sole, and
the heel. Leather uppers are preferable because leather
breathes and conforms to the patient's foot. This is especially
important in elders with compromised circu1lation. Lace
stays allow for securing the shoe to the foot without piston
ing. The greater the number of stays, the more secure the
shoe is to the foot. Velcro is also available in closure for pa
tients who have difficulty manipulating the laces. The sole of
the shoe should be made of some form of crepe, which in
creases the lower extremity shock absorption during gait.
Small heel height (0.5 inch for men; 0.75 inch for women) is
recommended for stability and safety, as well as for distribu
tion of forces. is
A shoe is constructed on a last, a model around which a
shoe is formed. Each manufacturer has different styles of
lasts, with some shoes being wider or narrower; shallow or
deep; pointed, rounded, or squared toe. The shape of the
shoe should conform to the person's foot. Custom made
shoes with individual lasts are available for persons with de
formed feet who have difficulty buying standard shoes that
fit well.

F1G.2O-1 A double-action ankle joint component has two chan
nels for inserting pins to stabilize or springs to assist. The channels
also may be kept open to allow free ankle motion.

The toe box is the reinforcement at the front of the shoe
that protects the toes from injury. The shape and the depth
of the box is especially important for patients with insensi
tive feet, where friction and pressure are dangerous to skin
integrity.9 Steel-toed shoes are made for industrial settings,
but despite their safety for the toes, they are very heavy.
The heel counter is the another reinforcement available
on shoes. A firm counter heips control the calcaneal rearfoot
movement and is advantageous fo r patients with excessive
calcaneal motion. Reinforcement can be built into the shoe
or added as an external support.
The medial counter is the portion of the shoe between the
heel and toe that r infoKes the medial arch. The shank of the
shoe, which is imbedded in the sole, sUPPOTIs it.
Shoes are made in a variety of widths, from AAAAA to
EEEE, as well as lengths. There should be a 'll -inch between
the end of shoe and the great toe. The shape of the toe
box should not squeeze the toes. Shopping for shoes should
be dOne when the feet are more swollen; later in the day
is preferable.

Gait Rev iew
Promoting normal, efficient gait involves keeping the center
of mass within a 2-inch horizontal and verticai excursion.
This allo'ws for shifts in center of mass while remaining in
side the pelvis. Normal gait also involves adequate eccentric
as well as concentric-muscle force production to account
for the effects of gravity. Normal gait entails having a stable
base of support followed by weight shifting in a smooth,
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rhythmical fashion. Orthotic management should strive to
improve efficiency and safety during ambulation. 21
Disturbances can occur at any point within the gait cycle:
heel strike; heel strike to foot flat; foot flat to midstance;
midstance to heel off; toe off; toe off to acceleration; acceler
ation to midswing; and midswing to deceleration.
Inman and colleagues described six elements that reduce
energy consumption during gait. 2 ! These determinants, dis
cussed in the following list, are easy to examine and help
identify key impairments:
1. Pelvic rotation-Pelvic rotation around a vertical axis
is about 4 degrees in each direction and is useful for absorb
ing ground reaction force and minimizing excessive trunk
side-to-side motion. Problems occur with too little rotation
(resulting in increased hip flexion) or too much rotation
(with too much energy expended).
2. Pelvic list-The pelvis drops slightly on the swing
limb, resulting in lowering the center of mass and gives the
gluteus medius a better moment arm for providing a relative
abduction of the swing limb. The Trendelenburg gait (drop
ping of the swing side pelvis) results from weakness of the
gluteus medius and causes problems in clearing the swing
limb. .
3. Knee flexion in stance-Knee flexion occurs both at
heel strike and heel off, which evens out the passing from
one phase to another, lowering the center of mass, and im
proving shock absorption. Problems occur with too much
knee flexion from quadriceps weakness, resulting in a safety
issue due to knee buckling. Too little knee flexion can result
in difficulty absorbing shock and possible genu recurvatum
with very weak hamstrings in comparison with quadriceps.
4. Ankle dorsiflexion in stance-The tibia moves over the
foot during both foot flat to mid stance and midstance to
heel off, which allows for the body weight to move forward
and the center of mass to be lowered for purposes of shock
absorption. Too little dorsiflexion results in compensation at
the subtalar and midtarsal joints in the form of excessive
pronation. Weakness of the tibialis anterior, which controls
the foot lowering to the ground at heel strike, will result in
foot slap during this gait phase.
5. Coordinated knee, ankle, and foot motion-At two
phases, these three joint complexes must move in concert
with each other. At heel strike through midstance the knee
flexes, the ankle dorsi flexes, and the foot pronates to progress
the body weight forward and to lower the center of mass for
shock absorption. At midstance to heel off the knee extends,
the ankle plantar flexes, and the foot supinates to lengthen
the limb and make the foot a rigid lever, all for efficient push
off. The problems occur with too much or too little motion
at one or two of the joints, requiring compensation at the
other joint(s). An example of this includes too little knee
flexion and ankle dorsiflexion, resulting in foot pronation to
lower the center of mass, increase shock absorption, and al
low the tibia to move over the foot for limb progression.
6. Lateral trunk displacement-The width of the base of
support (stride width) and the angle of the tibia and femur

(slight genu valgum) allow the feet to remain together
within the base of support without excessive side to side mo
tion. Problems occur with genu varum (bow legs), which in
creases the need for side-to-side motion, or excessive genu
valgum (knock knees), which results in a larger stride width
and excessive energy for weight shifting.
With this review of the normal gait requirements, a full
examination will help identify the key impairments lead
ing to gait deviations, some of which can be remediated with
orthoses.

EXAMINATION

History and Systems Review
A good history and systems review will help the therapist de
cide what specific tests and measures to use in determining
appropriate orthotic intervention. '7 History questions in
clude the following:
1. General demographics
2. Social history
3. Occupation/employment
4. Living environment
5. History of current condition
6. Functional status and activity level
7. Medications
8. Other tests and measures
9. Past history of current condition
10. Past medical/surgical history
11. Family history
12. Health status
13. Social habits
The systems review will contribute to understanding the
overall health status of the elderly patient. The physiological
and anatomical status of the cardiopulmonary, musculoskele
tal, neuromuscular, and integumentary systems and the com
munication, affect, cognition, language, and learning style
are assessed as part of understanding the patient as a whole.

Tests and Measures
The elderly patient may present with a multitude of con
straints that prevent functioning at home and in the com
munity. These include structural lower extremity problems,
muscle length and strength changes, decreased circulation
and sensation, or abnormal muscle tone-all of which can
contribute to functional limitation or disability.
The following tests and measures are outlined specifi
cally in the Guide to Physical Therapist Practice. '7 In assess
ing anatomical constraints, a thorough posture examination
should be done. This would include analysis of the resting
posture of the spine and lower extremity. Examination of
alignment, in weight bearing and non-weight bearing, would
include the following:
1. Spinal curves (scoliosis/kyphosis)
2. Pelvic obliquity (anterior/posterior rotation)
3. Femoral torsion (anterior/posterior)
4. Coxa valga/vara
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5. Genu valgum/varum

6.
7.
8.
9.

Tibial torsion (internal/external)
Tibial varum
Neutral calcaneal stance
Neutral subtalar joint position
Joint integrity and mobility tests and measures assess the
effect of any postural deviations on the involved joints.
Quality of movement, hypermobility or hypo mobility, pain,
swelling, and evidence of sprain of the affected and sur
rounding joints are evaluated. I? Relationship to postural
findings should be considered.
The constraints of muscle length and muscle strength are
measured with range of motion and muscle performance
techniques, respectively. Range of motion is evaluated using
instruments such as goniometers, tape measures, and incli
nometers to measure joint motion, passive muscle tension,
deviations from neutral, and pain with movement. Muscle
performance (including strength, power, and endurance)
is measured with manual muscle testing or dynamometry
and is helpful in assessing the patient's ability to do weight
bearing tasks. I? Muscle performance in functional tasks is a
helpful descriptive measure and may assist in highlighting
orthotic needs.
The patient with a history of diabetes or peripheral vas
cular disease will require a complete evaluation of the con
straints related to the circulatory and integumentary sys
tems. Integumentary integrity involves assessment of the
color, temperature, mobility, and texture of the skin as well
as hair growth and signs of open wounds or blistering. The
sensory integrity (including proprioception and kinesthesia)
may also be in question and involves assessment of cortical
sensations such as two-point discrimination; propriocep
tion; and superficial sensations such as light touch, sharp/
dull, and pressure. Circulation is assessed by pulse palpation
(femoral, popliteal, posterior tibial, and pedal); capillary re
fill time; and evidence of edema. It is also important to in
clude evaluation of aerobic capacity with vital signs, auscul
tation, and exercise testing if necessary. I?
Abnormal tone (increased or decreased) is addressed in
motor function. Abnormal movement patterns, muscle tone,
coordination, and sensorimotor integration are all evaluated
using various scales and descriptive analysis. I? Movement
patterns can provide insight on the need for orthoses and the
potential for tolerance to weight bearing.
The ability to sit and stand unsupported as well as ambu
late is evaluated by analyzing gait, locomotion, and balance.
Good static and dynamic balance in sitting and standing is a
precursor for safe and efficient transfers and gait. Character
istics of gait should be identified on even and uneven sur
faces as well as on stairs. Using the determinants of gait will
make the examination more efficient and help the therapist
highlight functional gait difficulties. Assistive and adaptive
devices should be evaluated for the their safety and effective
ness during 10comotion. l ?
A complete functional assessment rounds out the exami
nation. Analyzing community and work integration and rein
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tegration with scales and questionnaires involves indepen
dent activities of daily living (IADL) indexes, daily activity
logs, reports from family/care-givers, and a general assess
ment of functional capacity. Along with this, an analysis is
done of environmental, home, and work barriers, including
adaptations, additions, or modifications of'physical space
that may enhance safety, eliminate barriers, and comply
with legal standards. 2B This gives the therapist an under
standing of the functional deficits for which an orthoses
could be useful.

EVALUATION
A correct evaluation is the key to effective treatment, includ
ing proper orthotic management. Assessing the objective
findings first will lead to an accurate diagnosis and prognosis.
When reviewing the examination data the following fac
tors should be considered: mobility, stability, controlled mo
bility, an d skill.
Mobility is defined as having sufficient range of motion
(ROM) for movement and assumption of posture. 45 The
lower extremity should have functional ROM and joint mo
bility. If ROM is lacking, the therapist must determine
whether the restriction is stemming from the joint, soft tis
sue, or muscle tissue. End feel is a useful guide. If joint mo
bility is restricted, it should be restored before gains in ROM
can be achieved. Using the determinants of gait as a frame
work, lack of mobility is particularly problematic with pelvic
rotation and ankle dorsiflexion in stance, where lack of mo
bility requires compensation of excessive mobility at the hip
and foot, respectively.
Stability is defined as the ability of muscle to perform
tonic holding and co-contraction.45 The lower extremity
muscles should have functional isometric, concentric, and
eccentric strength in all positions. If muscle force produc
tion is lacking, the therapist should check whether enough
range of motion exists in the joint for the muscle(s) to con
tract effectively. Lack of stability is an issue in knee flexion in
stance, where weakness of the quadriceps can result in knee
buckling. Another example would be pelvic list, in which
gluteus medius weakness leads to Trendelenburg gait.
Controlled mobility is the ability of the muscles to move
the proximal joints over the fixed distal end. 45 The patient
should be able to bear weight and move the trunk over the
foot and ankle. If the patient is unable to do these, he/she
may be experiencing a continued problem in stability. The
patient should also be able to accept challenges to weight
bearing in both double-limb and single-limb stance. If the
patient is lacking in weight-bearing ability, there may be a
need for increased joint mobility to detect motion changes
in the lower extremity. Coordinated knee, ankle, and foot
motion allows for the tibia to move over the foot. Dysfunc
tion in mobility and stability will either prevent this from
happening or cause an inefficient gait.
Skill is the ability of the muscles to move and stabilize
the proximal joint(s) with the distal end mobilized. 45 The
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patient should be able to walk on level and uneven surfaces
as well as be able to walk step over step up and down stairs.
If the patient is lacking in the ability to walk on even sur
faces, mobility and stability may be lacking. If the patient is
unable to walk on uneven surfaces, controlled mobility may
be lacking. Problems with lateral trunk displacement make
ambulating on stairs and uneven surfaces difficult and en
ergy expensive.
Based on the relationship of all anomalous findings to
each other, the therapist makes a diagnosis and a prognosis.
This allows reasonable goals to be set and an interven
tion plan to be developed. Goals should be measurable and
time related, with long-term goals related to a functional
outcome. The therapist should always keep in mind the pa
tient's goals.

ORTHOTIC MANAGEMENT
The key to effective orthotic management is understanding
the impairments and functional limitations affecting the pa
tient and whether mobility or stability is the problem.

Mobility
The purpose of orthotic intervention for impairments and
functional limitations related to mobility is to support the
part, provide shock absorption, and allow movement when
necessary. The orthoses are generally made of flexible mate
rials or are equipped with movable joints.
Managing patients with impaired joint mobility, motor
function, muscle performance, and range of motion due to cap
sular restriction or localized inflammation requires both sup
port and allowances for movement as healing progresses. The
same design is also useful for patients with impaired motor
function (generally increased muscle tone and abnormal
movement patterns) and sensory integrity due to non
progressive disorders of the central nervous system, such as
cerebral vascular accident. The orthosis should keep the pa
tient's joint(s) in a balanced position, allowing for a weight-

A rocker bottom may be added to a shoe or sneaker to
accommodate pressure problems in the forefoot.

FIG. 20-2

bearing pattern that is as smooth and efficient as possible. Ex
amples of orthoses that meet this treatment goal include the
following:
Soft foot orthosis: used for inflammatory conditions such
as metatarsalgia, arthritis, Morton's neuroma, tendini
tis, and tenosynovitis. The purpose of this orthosis is to
provide rest for the joints of the foot and shock ab
sorption for the entire lower extremity.38 These or
thoses can be very helpful with inflammatory problems
in the hip and the knee as welP Soft foot orthoses are
made from a variety of neoprene, polyurethane, and
polyethylene materials and are relatively inexpensive.
They are most often found in over-the-counter styles
and made in half-size increments. Because the material
is soft, this type of orthosis can be cut down to fit in
a patient's shoe more exactly. AHMed Corporation
(Dedham, Mass.) has a large and varied assortment of
soft foot orthoses that can be purchased individually or
in bulk.
Rocker bottom shoe: used for capsular restriction and in
flammatory disorders of the metatarsophalangeal
joints, especially the great toe (e.g., hallux rigidus).
This crepe device, added to the sole of the shoe just
proximal to the metatarsal heads, allows for weight
transference over the toes without extension of the
metatarsophalangeal joints. 3J These devices can easily
be added to a standard flat-soled shoe by an orthotist
or an experienced cobbler (Fig. 20-2).
Metatarsal bar: designed to alleviate forefoot pressure
problems, often the result of inflammatory impair
ments of the metatarsophalangeal joints. This bar can
be made from any number of polyethylene materials
and is easily and inexpensively fabricated. The bar or
pad is place just proximal to the metatarsal heads and
redistributes the weight-bearing forces off the meta
tarsal heads and onto the pad.
Flexible ankle foot orthosis (AFO): made from a flexible
plastic material, this orthosis can provide proper posi
tioning for the ankle and po-ssibly the subtalar and the
midtarsal joints as well. The flexibility allows for some
motion to occur, especially a small amount of plantar
flexion and dorsiflexion. This orthosis is helpful in pa
tients with motor function impairments due to exces
sive tone in the lower extremity extensor group. By
placing the ankle and foot in neutral, the weight bear
ing is more normal and the proper movement patterns
are promoted. The constant pressure from the foot
plate may also help reduce hypertonicity.5,18,24,39 An
AFO made from metal double uprights and a joint that
can be manipulated to allow or prevent movement will
have the same results (Fig. 20-3).
Knee orthosis (KO) and ankle orthosis (AO): used with pa
tients who need the support of the brace but also the
mobility option of a joint or flexible material. 23 The KO
and AO made of a soft elastic or neoprene material can
be used with patients whose primary impairments are
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inflammation, pain, or capsular restriction. 37 These or
thoses are inexpensive, available in small to extra-large
sizing, and provide total contact support while allow
ing for some movement. 29
Knee ankle orthosis (KAPO) with a joint: used in cases in
which support is needed (e.g., capsular restriction at
the knee andlor ankle due to arthritis). This orthosis
can be made with metal uprights and leather or up
rights imbedded in plastic for more support. This or
thosis is custom made and can be relatively heavy to
use. Walking speed and efficiency may be negatively af
fected. The orthosis may be too heavy for patients with
impairments in motor function and accompanying
tone changes. 3 Muscle strength and endurance in the
hip and knee muscles are helpful in effectively using
the orthosis.
Managing patients with impaired posture of the forefoot
and rearfoot can be effectively done using semi-rigid foot or
thoses. Weight gain, increased activity, poor footwear, or
swelling can all lead to further pain and dysfunction at the
foot, ankle, knee, or hip.1l,42 Thermoplastic materials, such as
closed cell foam or cork, can be purchased as prefabricated
full-length or three-quarter length orthoses, generally avail
able in whole sizes for men and women. These prefabricated
models are considerably less expensive and can be modified
by adding wedges onto the heel or metatarsal region andlor
heated in a convection oven and molded to the patient's
foot. 7,12 Semi-rigid orthoses may also be custom made, with
a plaster mold made of the patient's foot and the orthosis
molded directly over the cast. Wedging can be done very
specifically and imbedded into the finished product. This
type of orthosis generally has a longer wear capability and
can be made to fit different types of shoes but is much more
expensive to fabricate.32
Impaired integumentary integrity is a common and often
dangerous problem in the elderly with diabetes andlor pe
ripheral vascular disease. Proper education will help prevent
breakdown and subsequent amputation. Total contact foot
orthoses can also be beneficial in decreasing friction forces
and increasing shock absorption. Soft or semi-rigid orthoses
that have no ridges and fit compactly in the shoe diminish
the negative forces and help maintain the integumentary in
tegrity. Wedging on an orthosis can be used to offset the
weight-bearing forces if toe deformities exist. For example, a
metatarsal bar can be used to decrease the pressure on the
metatarsal head from a claw toe deformity. Orthoses can be
built up in one area of the forefoot to relieve the pressure on
a toe callus or ulcer:
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stability include impairments in muscle performance, joint
mobility, and range ofmotion due to ligament and connective
tissue disorders and bony and soft tissue surgical procedures.
Patients with impaired motor function and sensory integrity
due to progressive and non-progressive eNS disorders, acute or
chronic polyneuropathies, or peripheral nerve injuries may
also have problems with stability that require orthotic man
agement. Examples of orthoses that meet these treatment
goals include the following:
Rigid foot orthoses: used for impairments due to ligamen
tous and connective tissue laxity. Pes planus, or flat
feet, require hard plastic orthoses such as the DeB shell
pictured in Fig. 20-4. These orthoses must be custom
molded over a plaster cast to ensure proper fit and sup
portive structure. The excessive mobility in the foot
(and subsequent lack of stability) requires external as
sistance to act in place of the normally taut connective
tissue. lO Shoes with a firm heel counter will assist in
giving support to a patient with pes planus.
Solid ankle foot orthosis (SAPO): used for patients with
impairments related to lack of muscle performance at
the ankle, hypermobility of the ankle joint, ligamen
tous and other connective tissue laxity of the ankle, or

Stability
The purpose of orthotic intervention for impairments and
functional limitations related to stability is to act as an ex
ternal stabilizer. The main problems contributing to lack of

"'References: 1,2,6,13,14,16,19,22,26,27,30,33-36,40,41,43,46,47,49

FIG. 20-3 A plastic AFO uses extended lever arms that can pre
vent pronation as well as assist dorsiflexion. Note the height of the
wall along the medial arch, which resists the forces pushing the
forefoot into pronation.
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A UeBL shell.

lack of proper motor function in the lower leg and
foot. Generally constructed of a hard plastic material,
the SAFO surrounds the posterior calf and ankle, act
ing as an external support. 20 ,25 These orthoses can be
found in prefabricated models (sized small to extra
large) or can be custom molded from a plaster cast at a
much higher cost. The latter total contact orthosis is
preferable for patients with impaired integumentary
integrity due to diabetes or peripheral vascular disease.
A similar effect can be gained by using a metal and
leather orthosis with a locked ankle joint.
Knee orthosis (KO) and knee ankle foot orthosis (KAFO)
with locked joint(s): used for patients with impaired
muscle performance, motor function, and ligamentous
and connective tissue integrity of the entire lower ex
tremity (Fig. 20-5).44 It is critical that the patient has
good muscle control of the hip, or the orthosis will be
too heavy to manipulate during gait. 4,4s Also, locking
the distal joints requires compensation at the proximal
joints Chip and spine) in terms of increased mobility.
This orthosis can be made of plastic with metal up
rights or more traditional leather and metal.

Case Studies
Case 1: Patient with Impaired Mobility
History
General Demographics and History of Current Condition.
The patient is a 78-year-old black female who suffered a left
middle cerebral artery cerebral vascular accident 1 month ago.
She has right-sided hemiplegia and is currently in a rehabili
tation facility for intensive physical and occupational therapy.
Social History. The patient is an active member of her
local church, singing in the choir and ministering to home
bound parishioners.

FIG. 20-5 A floor-reaction KAFO uses a three-point pressure sys
tem to prevent knee buckling.

Occupation/Employment. The patient is a homemaker,
caring for her two grandchildren 3 days a week.
Living Environment. The patient lives in a three-family
home on the second floor. The staircases have two railings.
No elevator is available.
Functional Status and Activity Level. The patient is able
to feed, groom, and dress herself with minimum assist. She
needs moderate assist to transfer bed to chair. She is cur
rently standing with a walker but not ambulating.
Medications. The patient is currently taking furosemide
(Lasix), warfarin CCoumadin), lisinopril, and colace.
Other Tests and Measures. MRI showed that the pa
tient sustained an embolic stroke to the left middle cerebral
artery.
Past History of Current Condition. The patient has a
history of transient ischemic attacks for 5 years.
Past Medical/Surgical History. The patient has a 25-year
history of high blood pressure that has been managed with
diet, exercise, and medication.
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Family History. Father died of heart disease at 50;
mother died of breast cancer at 68; brother died of heart dis
ease at 62.
Health Status. The patient admits to feeling more fa
tigued lately with much less energy. She does not watch her
diet carefully and claims to eat a lot of red meat.
Social Habits. The patient does not drink or smoke.
Systems Review
Cardiopulmonary. Heart rate (HR), 82; blood pressure
(BP), 122/74 mm Hg; respiratory rate, 12
Musculoskeletal. Left extremities have full range of mo
tion and good strength; trunk has fair grade abdominal and
back extensor muscles
Neuromuscular. Volitional movement in trunk and left
extremities
Integumentary. Height, 5'4 feet; weight, 155 lbs; no
swelling, discoloration noted in any extremity
Communication, Affect, Cognition, Language, and
Learning. Friendly, understands and follows commands,
anxious to get back home
Tests and Measures
Posture. Kyphotic cervicothoracic spine; right lower ex
tremity held rigidly in extension
Joint Integrity and Mobility. Right knee and ankle,
grade 1 mobility; right subtalar and midtarsal joints, grade 2
mobility
Range of Motion. Unable to flex knee or dorsiflex ankle
voluntarily; passive motion at right knee is 0 to 100 degrees
and at right ankle is 0 to 45 degrees
Muscle Performance. Good grade strength in right up
per extremity; unable to test right lower extremity
Sensory Integrity (Including Proprioception and Kines
thesia). The patient has diminished proprioceptive sense
with the right lower extremity
Circulation. Femoral, popliteal, posterior tibial, and
pedal pulses normal in both lower extremities
Vital Signs. BP with transfer to standing, 144/78 mm Hg;
HR,86
Motor Function. Minimal voluntary motion of the right
lower extremity with greatest control at the hip; movement
of the right lower extremity involves extension of the hip,
knee, and ankle and supination of the foot; right upper ex
tremity has a slowed but normal movement pattern
Gait, Locomotion, and Balance. The patient comes to
standing with moderate assistance; standing balance is fair
with walker or parallel bars for support; poor balance with
out support; weight bearing on right lower extremity is on
an extended foot; able to walk 5 feet with walker and maxi
mal assistance
Assistive and Adaptive Devices. The patient is using a
walker for ambulation
Evaluation
The patient is a 78-year-old female who has a right-sided
hemiplegia secondary to a left cerebral vascular accident. She
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is beginning to get some voluntary movement of the right
lower extremity but is unable to ambulate effectively because
of the increased extensor tone and lack of voluntary move
ment in the right lower extremity. The patient will benefit
from an orthosis to improve gait pattern and allow for inde
pendent ambulation.
Diagnosis
Impaired motor function and sensory integrity of the right
lower extremity secondary to a left cerebral vascular accident
Prognosis
The patient will be functioning independently and ambulat
ing with a cane in 4 to 6 weeks.
Intervention
Coordination, Communication, and Documentation. So
cial Services was contacted to get insurance approval for or
thotic device; family was contacted to discuss options con
cerning discharge planning due to the stairs at home
Patient/Family Education. The patient and family were
instructed in home exercises, transfers, ambulation with a
cane on level surfaces and stairs, and donning/doffing the
orthosis
Therapeutic Exercise. Exercise emphasized normal move
ment patterns of the right lower extremity in non-weight
bearing and in weight bearing with orthosis; gait training
performed with walker, then progressing to cane on level
surfaces and stairs
Functional Training. Training involved transferring in
and out a car, going to the store, maneuvering around tight
spaces in a home setting
Prescription and Application of Orthosis. Patient was
fitted with a flexible AFO set in 0 degrees dorsiflexion; her sub
talar and midtarsal joints were placed in neutral in the or
thosis, facilitating a more normal movement pattern when
weight bearing
Outcomes
The patient was able to go home from the rehabilitation cen
ter after 4 weeks. She received 2 weeks of outpatient physical
therapy to continue to improve her motor function and her
gait pattern. She was given a home exercise program to pre
vent any secondary effects from the continued abnormal
right lower extremity movement pattern. She was extremely
satisfied with her rehabilitation.

Case 2: Patient with Impaired Stability
History
General Demographics and History of Current Condition.
The patient is an 82-year-old white male who has been suf
fering with left lower leg pain and foot drop for several
months. He is now unable to garden and do his daily walk
because of the pain.
Social History. The patient is an avid gardener and car
penter. He walks daily with a group at the local mall. He en
joys traveling with his wife of 60 years.
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Occupation/Employment. The patient is a retired stone
mason.

J

Living Environment. The patient lives in a two-story
single family home on 2 acres (he uses 1 acre for a vegetable
and flower garden).
Functional Status and Activity Level. The patient is in
dependent in all ADL. He is an early riser and does very few
sedentary activities. He claims to have slowed down since the
pain has increased.
Medications. The patient is currently taking insulin,
furosemide (Lasix), and ibuprofen when needed for the pain.
Other Tests and Measures. Nerve conduction studies
showed diminished conductivity of the left deep peroneal
nerve innervating the tibialis anterior.
Past History of Current Condition. The patient has a
2-year history of pain in the left lower leg with the foot drop
getting worse during the last 3 months.
Past Medical/Surgical History. The patient has a IS-year
history of adult-onset diabetes mellitus for which he takes
daily insulin injections. He has had periodic ulcers on both
feet that healed slowly but completely. He also has a history
of bilateral ankle swelling for which he takes the Lasix.
Family History. Father died of natural causes at 98;
mother died in childbirth at 34; two siblings died of lung
cancer in their 70s; six siblings are alive and relatively
healthy.
Health Status. The patient admits to slowing down con
siderably because of the pain. He expressed considerable dis
satisfaction with his current health status.
Social Habits. The patient smokes a cigar daily and has
red wine with meals.
Systems Review

Cardiopulmonary. Heart rate, 84; blood pressure, 140/82
mm Hg; respiratory rate, 16
Musculoskeletal. Both upper extremities have full range
of motion and good strength
Neuromuscular. Independent gait, transfers, and balance
Integumentary. Height, 6 feet; weight, 235 lbs

Communication, Affect, Cognition, Language, and
Learning. Friendly, understands and follows commands,
anxious to get back to walking and gardening
Tests and Measures
Posture. Forward head; slight genu varum bilaterally
Range ofMotion. Full range of motion in both lower ex
tremities except active left dorsiflexion limited to neutral;
passive left dorsiflexion is 5 degrees
Muscle Performance. Good grade strength in both lower
extremities, except left tibialis anterior tested as a fair minus
grade

Sensory Integrity (Including Proprioception and Kines
thesia). Both feet were cold and hairless; decreased pin
prick and two-point discrimination from the knee distally
into both feet; thick calluses noted under the second and
third metatarsal heads bilaterally

Circulation. Pedal and posterior tibial pulses were sig
nificantly diminished in both lower extremities; popliteal
pulse only slightly diminished bilaterally; femoral pulses
were normal
Gait, Locomotion, and Balance. Gait has slowed and pa
tients states that he has been tripping when going up stairs
and onto curbs during the last 3 months; foot slap on the left
at heel strike to foot flat that increases as gait speed increases;
slight trunk lean to the right in order to dear the left foot
Evaluation
The patient is an 82-year-old male with a long history of di
abetes who now shows signs of peripheral nerve injury and
diabetic neuropathy. His gait deviations are consistent with
these problems. He now requires orthotic management to
ambulate with a smooth and efficient gait.
Diagnosis
Impaired motor function and sensory integrity of the left
lower extremity secondary to a peripheral nerve injury to the
left deep peroneal nerve
Prognosis
The patient will be ambulating with less pain and be able to
walk the mall and garden daily in 6 to 8 weeks.
Intervention

Coordination, Communication, and Documentation. Dis
cussed previous foot care and education with patient's podi
atrist and internist
Patient/Family Education. Instructed patient in home
exercises, reviewed proper foot care, and discussed progres
sion of activity level and use of orthosis in daily activities
Therapeutic Exercise. Exercise emphasized collateral
circulation of both lower extremities (Buerger-Allen exer
cises) and strengthening of the left anterior tibialis; gait
training performed with orthosis and emphasized bending
left knee and hip to clear the left foot during swing
Functional Training. Training involved self-management
of orthosis
Prescription and Application of Orthosis. Patient was
fitted with a solid AFO set in 0 degrees dorsiflexion. The or
thosis was custom molded and total contact to minimize
friction and potential skin breakdown. The foot was set in
subtalar and midtarsal neutral to maximize the normal
weight-bearing pattern. A soft neoprene orthosis was added
to the right shoe to decrease frictional forces and prevent
skin breakdown.
Outcomes
The patient was discharged on an extensive home exercise
program after 6 weeks of treatment. He did not regain any
muscle function in the left anterior tibialis muscle due to his
increasingly poor circulation. However, he was able to walk
the mall daily and go back to gardening after an aerobic con
ditioning program. He lost 30 pounds with the exercise pro
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gram. He was instructed in how to examine the orthosis reg
ularly and when to call the orthotist if it was beginning to
break down. He was extremely happy with his rehabilitation
because of his return to his previous functional level.

SUMMARY
Appropriate orthotic prescription requires a thorough ex
amination, evaluation, diagnosis, and prognosis. This en
sures correct style, proper fit, and a good functional out
come. Understanding whether the patient has impaired
mobility or impaired stability will help determine the or
thotic needs that will result in the most effective and efficient
gait. In addition, consistent communication with the pa
tient, family, and orthotist will produce the most successful
outcomes.
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increasing the long-term usage of a lower limb prosthesis by
an older person after amputation, but that remains to be
fully studied.
The overall goal of this chapter is to establish the scien
tific basis for clinical decision making by physical therapists
regarding prosthetic management of the older adult. Fur
thermore, the emphasis of this chapter is on amputation as
a sequelae of disease-not trauma or congenital deformity
because loss of limb from disease accounts for the greatest
number of amputations among older adults. Although there
are many similarities in prosthetic fabrication, fit, alignment,
and training to use a prosthesis for younger patients and
older adults after an amputation, critical differences in pre
operative and postoperative physical therapy management
of the older adult are also evident. 34
The members of the multi-disciplinary clinical team
share the responsibility for identifying key factors that affect
the successful prosthetic management and rehabilitation of
older persons. The physical therapist, along with the entire
prosthetic team, must be able to incorporate a thorough un
derstanding of the physiological changes that occur in the
older adult into the prosthetic prescription in order to pro
mote maximum patient satisfaction and long-term use of
a prosthesis.
In addition, knowledge about psychological readiness,
appreciation of socioeconomic factors, and awareness of
third-party payer systems are essential to determine optimal
prosthetic prescription and physical therapy intervention
with a geriatric patient.

OUTLINE

INTRODUCTION
Among the many challenges faced by older adults, the po
tentialloss of ambulatory ability threatens independence as
perhaps no other functional limitation can. One can only
guess at the magnification of that threat when ambulatory
abilities are compromised by lower limb amputation. Nowa
days it is difficult to imagine a time when lower limb pros
thetic fitting for the older patient was highly controversial
before researchers were better able to elucidate the range
of potential functional outcomes for an older person after
amputation. 3,M8
Although advances in surgical intervention are not always
reflected as a decrease in mortality rate after lower limb
amputations,8,s3,54 surgeons are now more often able to
save the knee by performing transtibial amputations. The
benefit of these more distal amputations is often reflected
in the research that demonstrates a decreased energy de
mand of prosthetic ambulation of this group when com
pared with persons with amputations more proximally.36
Thus, new challenges in rehabilitation have presented them
selves. Additionally, advances in prosthetic design, fabrica
tion from light-weight material, and overall improvement in
fitting a prosthesis may be able to contribute effectively to

INCIDENCE OF AMPUTATION
IN THE OLDER ADULT
There are approximately 270,000 persons with amputation
living in the United States,46 with an annual incidence of ap
proximately 50,000 lower limb amputationsY The major
causes for lower limb amputations are peripheral vascular
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disease, trauma, malignancy, and congenital deficiency.36,45
The most common levels of surgical amputation secondary
to ischemic vascular disease aretransfemoral (25%), transtib
ial (50%), and transmetatarsal (25%).51 Other types of am
putation, such as the hip disarticulation, knee disartic
ulation, and hemipelvectomy, are much less common for
the older adult with vascular disease. Transmetatarsal am
putations, often a result of ischemia or gangrene of the
metatarsals, may require the addition of a filler inside the
shoe but do not require prosthetic intervention.
Older adults, especially those older than 55, constitute the
largest proportion of individuals with lower limb amp uta
tions. 32,49 Most commonly, lower limb amputations in this
group occur as a result of peripheral vascular disease (PVD),
particularly PVD associated with diabetes.<9 In fact, several
studies note that approximately 70% of all amputations are
the result of either diabetes or PVD or a combination of
both diseases. 8,2l Also, other studies suggest that the combi
nation of diabetes and PVD accounts for 6% to 25% of all
amputations, whereas only 2% to 5% of amputations occur
in non-diabetic persons with PVD.37,54 Thus, understanding
the interplay between risk factors for particular diseases such
as diabetes and health habits that put the individuals at risk
for still other comorbidities is critical knowledge for the
practitioner. For example, the older adult who has a history
of diabetes and the additional risk factor of a history of
smoking, which contributes to the occurrence of PVD, is at
greatest risk for amputation. 28,49
No one can doubt the serious medical condition of the
individual who requires lower limb amputation. The 2-year
survival rate after lower extremity amputation averages 50%,
with most of the deaths attributable to cardiovascular com
plications. 19,44 Moreover, there is a 20% to 500/0 risk oflosing
the contralateral leg to vascular disease during the 5 years af
ter amputation, which must be taken into careful considera
tion when considering prosthetic intervention. 4
Many of these factors might appear to mitigate against
providing a prosthesis to an older adult. However, it is es
sential to remember that the individual's goals, personal mo
tivation, and pre-morbid status are often the strongest de
terminants of success with a prosthesis. Numerous studies
demonstrate that many older adults with transfemoral or
transtibial amputations do achieve functional prosthetic
success. 3•8 •48

PROSTHETIC DESIGN
During the past several decades, numerous advances in pros
thetic design have occurred. It is well-accepted that the pros
thetic team strives to achieve three essential goals in pre
scription, fabrication, and training: comfort, function, and
cosmesis. Foremost, function and cosmesis cannot readily be
considered nor addressed without first achieving comfort.
The increased use of modern thermoplastics, especially since
the 1980s, has resulted in the fabrication of many different
types of sockets and liners, knee mechanisms, and ankle/foot

designs. Generally, the use of endoskeletal components to re
duce the weight of a prosthesis has increased. Many compa
nies now produce geriatric components made of titanium
and other materials that allow for lighter prostheses. In ad
dition, computerized programs such as Contoured Adducted
Trochanteric-Controlled Alignment Method (CAT-CAM)
and Computer Aided Design-Computer Aided Manufactur
ing (CAD-CAM), are available to assist the prosthetist in
fabrication and follow-up fitting. Unfortunately, the optimal
prosthetic design, regardless of the individual's age, has re
mained elusive. The daily and long-term effects of these
types of prosthetic improvements on function for the older
adult still require continued investigation.
The obvious impact of amputation on the gait of a per
son with a lower limb prosthesis is easily attributable to the
substitution of prosthetic parts for the normal skeletal seg
ments and joints. l l Most importantly, the prosthesis must
provide comfortable containment of the residual limb tissue
during the stance phase of gait and provide a means of trans
ferring the amputee's weight through the pelvis and residual
limb to the floor.42 Prosthetic factors such as fit and align
ment, the type of knee unit,18,26,42 and foot componenr2.50
have been demonstrated to influence gait parameters. Yet,
the relationship between prosthetic fabrication and fit, mus
de activity within the prosthesis, and function for the person
with amputation is still not dearly understood. The fit,
alignment, and adjustment of the prosthesis to the amputee
must provide maximal restoration of function with minimal
gait deviation, in both the stance and swing phase of a walk
ing cyde. ll ,lM2,47
During normal gait, lower limb stance and swing phases
occur as the result of precisely timed control of joint motion
and muscle action. The lower limbs easily adapt to changes
in walking terrain and even naturally accommodate for ob
stacles, in which case, energy conservation is optimal. Lower
limb amputations cause a loss of limb length; normal joint
mobility; direct muscular control; and local proprioception,
especially altering the precise awareness of foot contact on
the floor.39 Even with the many advances made with pros
thetics, a prosthesis at best can only imitate, but certainly
cannot replicate, normal gait patterns. Due to the complex
ity of issues that surround the older adult whose health sta
tus necessitates an amputation, these seemingly simple pri
mary goals of providing optimal comfort, function, and
cosmesis can present the medical team with a challenging
clinical problem.

PHYSIOLOGICAL CHANGES
Age alone is not a sound determinant of predicting the
prosthetic success of an older adult, but it is dearly consid
ered a risk factor for increased mortality and less-than-op
timal outcomes. 8 ,22,48 Studies have indicated for quite some
time that increasing age was associated with an increased
likelihood of above-knee amputation, with greater inci
dence of bilateral limb loss, and with lengthened time nec
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essary for successful rehabilitationY Pertinent to pros
thetic selection for the older patient, studies have shown
that individuals with multiple comorbidities are at highest
risk for death and mortality and have the least success with
rehabilitation.3,8
Steinberg recommends careful selection of patients ap
propriate for prosthetic by considering a detailed list of
"clinical concerns:" cognitive dysfunction that interferes with
training; advanced neurological disorders; cardiopulmonary
conditions severe enough to impose limitations on effort;
ulcers or infections with compromised circulation; irre
ducible and pronounced knee flexion contractures in below
knee candidates; and hip flexion contractures in above-knee
candidates. 48
The clinician is best able to formulate a plan for inter
vention and identify goals for successful prosthetic reha
bilitation by completing a comprehensive examination and
applying sound knowledge of the influences of the car
diovascular, musculoskeletal, neuromuscular, and integu
mentary systems to evaluation of these data. Physiological
changes in each of these systems can affect prosthetic fit
and function.

Cardiovascular
Complications related to diabetes more commonly occur
when blood glucose levels are consistently elevated over
time. Microvascular, or small blood vessel, complications
evident in retinopathy, nephropathy, and neuropathy are dis
cussed under neuromuscular considerations later in this
chapter. Macrovascular, or large blood vessel, complications
such as development of atherosclerotic narrowing of blood
vessels relate to an increase in coronary artery disease and
myocardial infarction, as well as cerebral vascular disease
and stroke. 9,33 One significant implication of this is that the
person with lower limb amputation and diabetes will have
many more confounding risk factors that could increase de
mands on the cardiovascular system. Consequently, the
medical conditions of these persons require careful moni
toring by all members of the medical team to prevent undue
stress to the cardiovascular system.
Energy requirements for using a prosthesis have been a
major concern for decades. In earlier years, prostheses were
not prescribed for the older adult due to the extensive de
mands on the cardiovascular system. In the past 2 decades,
prosthetics has increasingly moved toward using lighter en
doskeletal components, especially for the older adult. These
lighter-weight prostheses, specifically fabricated for the geri
atric ambulator, have been marketed by many different man
ufacturers; however, the effect of these lighter components
on reducing stress to the cardiovascular system remains to be
fully studied.
One of the best indicators of cardiovascular functional
capacity is obtained through the measurement of the maxi
mal oxygen uptake, or Vozmax. Healthy older individuals in
the sixth decade of life use 41 % of their maximum aerobic
capacity during walking. 52 Many studies have indicated that
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the energy costs of using a prosthesis are substantially in
creased over normal bipedal locomotion, with estimates rang
ing from 40% to 60% with unilateral transtibial amputation,
60% to 100% with bilateral transtibial amputation, 90% to
120% with unilateral transfemoral amputation, and more
than 200% with bilateral transfemoral amputation. 8,14,48,52
Interestingly, steady state energy costs for the older per
sons with amputation compared with a healthy adult of sim
ilar age are not significantly different. When compared with
normal gait, persons using a lower limb prosthesis will
demonstrate much slower walking velocity and cadence,
which continually decrease as the level of amputation in
creases. In effect, the person with a lower limb amputation
seemingly slows down to reduce the stress on his/her cardio
vascular system. Thus, when only the amount of oxygen uti
lization is compared between a healthy individual and one
using a prosthetic limb, and time or distance is ignored, the
oxygen utilization per meter can be essentially the same be
tween the two individuals.
Monitoring the patient's heart rate (HR) during activity
is absolutely essential in the clinic. English suggests that a
pulse rate of approximately 130 beats per minute in a patient
who has been walking at a constant rate of 5 minutes is the
best indication of the patient's maximum functional physi
cal capacity.13 The "six minute walk-test" is often used btthe
physical therapist to assess the quality and integrity of a per
son's cardiopulmonary response to activity; however, one
must take into consideration that many older adults with
amputation, particularly those with transfemoral amputa
tion, cannot walk for a total of 6 minutes until much later in
the rehabilitation process, and many others are unable to
ever achieve this goal. As mentioned previously, the person
with amputation often slows his/her velocity and cadence
significantly to reduce stress on the cardiovascular system. In
light of this, the results of the six-minute walk test have to be
interpreted cautiously. Monitoring vital signs during arm er
gometry exercise may offer the clinician an alternative for as
sessing cardiopulmonary integrity in these patients.
Foremost for the clinician, knowledge of energy cost and
oxygen utilization requirements is necessary to formulate an
intervention with the appropriate exercise frequency, dura
tion, and intensity. Careful attention should be paid to ap
propriate intensity of cardiovascular exercise before train
ing, as well as during gait training times. Allowing the person
with amputation longer periods of time to perform a task
and encouragement of slower or more comfortable speeds
for gait also may prove helpful.
~usculoskeletal

With each ensuing decade of life past the middle years, the
likelihood is a greater that postural changes will occur, even
in the absence of disease. Most often, these changes are the
result of inactivity and decreased mobility. The most com
mon types of postural changes it) the lower limb joints are
increased flexion at the hips and knees and loss of dorsi
flexion at the ankle. In addition, physiological changes that
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occur with aging of the musculoskeletal system, such as a de
crease in connective tissue extensibility, decline in muscle
strength, and muscle imbalance, further promote these pos
tural problems and may limit the effectiveness of the physi
cal therapist's intervention.
Contractures occurring in the lower limb joints of the
older person can negatively affect functional outcomes and
even prevent prosthetic use in some cases. Contractures can
influence prosthetic fit , alter postural alignment in stance,
and contribute to poor gait patterns and even the inability to
ambulate. Ivlost contractu res are the result of muscle imbal
ance, especially after the surgical division of muscles, previ
ous impairment, or long-standing poor postural habits. Hip
flexion, abduction, and exlernal rotation contractures may
occur in a patient after transfemoral amputations, with hip
flexion being the most common ill this patient group. Hip
flexion; abduction; external rotation; and most commonly,
knee flexion conti actures may develop as a result of transtib
ial amputations.
Generally, only knee flexion contractures of no more than
10 to 15 degrees for below-knee amputations and hip flexion
contractures of no more than 15 to 20 degrees for above
knee amputations can be readily be accommodated for in
the fabrication and fit of the prosthetic device. Persons with
contractures greater than these can be fitted with prostheses;
however, gait patterns may become more significantly al
tered with increased deformity. Furthermore, contractures
greater than these often inhibit safe ambulation and dimin
ish an individual's ability to maintain safe static and dy
namic postures as well. However, to promote the ability to
transfer and provide acceptable cosmesis, a prosthetist often
may be able to modify a prosthesis for a person with transtib
ial amputation and accommodate knee flexion contractu res

FIG. 21-1 Velcro allows for much easier adjustment as opposed to
buckles, which are more cumbersome.

as great as 35 to 40 degrees. Additionally, even in the pres
ence of these more significant contractures, some patients
have been able to successfully ambulate with a modified
prosthesis and an assistive device. Therefore, impaired m us
cle length or soft tissue extensibility should not necessarily
deter the patient m clinician from pursuing a prosthetic fit.
Other modifications in prosthetic design, such as a bent
knee prosthesis, have been used in the presence of extreme
knee flexion contractu res, sometimes as large as 70 to 90 de
grees. However, poor cosmesis is often a problem in these
cases and may discourage long-term use of the prosthesis.
For the person with transfemoral ampu tation, it can be
quite difficult, if not impossible, for the prosthesis to accom
modate a hip flexion contracture greater than 25 degrees and
allow for safe ambulation. Stability during the gait cycle can
be significantly compromised in these patients, resulting in
decreased safety and increased risk for fall s. With significant
contractures at the hip, a prosthesis is not generally pro
vided, even to assist with transfers, but if one is requested
by the patient, it may be provided for the purpose of im
provIng cosmesis.
Prevention of these deformities from the outset is ab
solutely the best intervention and should be emphasized
throughout the rehabilitation process. Along with patient
education, early postoperative management should include
stretching and strengthening the remaining lower limb
joints and muscles as well as proper positioning to reduce
the chances of developing contractures.

Neuromuscular
Peripheral neuropathies may result from the microvascular
changes seen with PVD but can also be attributed to diabetes
alone. Altered sensation in the distal parts of the extremities,
especially the hands and feet, is noted in the presence of
PVD and in clinical diabetic neuropathy.9 In addition, atro
phy of the intrinsic musculature of hands and feet ensues
over longer periods of time. Depending on the severity, in
trinsic muscle wasting in the hands can affect grasp and m ay
prevent independent donning and doffing of the prosthesis
without modification. Hand function, especially grasp,
should be tested and documented as a part of the physical
therapist's initial examinati on. Finally, .retinopathy, which is
often present with microvascular disease, can greatly affect
vision and may impede independence in prosthetic donning
and doffing without modification.
Prosthetists often are able to make different types of pros
thetic modifications to accommodate decreased ha nd func
tion and impaired vision. Simple modifications can be made
to reduce the need for normal hand dexterity. Use of Velcro
material or "D" rings on the straps, such as those used on the
Silesian band or supracondylar cuff, allow for much easier
adjustment than that required to use buckles (Fig. 21-1). Al
though used less commonly for the older adult, another
modification is a prosthetic system called the "3-S system."
The suspension sleeve has a pin attachment on its end and
can be easily rolled onto the residual limb, requiring less
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fine-motoI hand function. The sleeve is then simply inserted
into the pros the is un til three audible clicks are heard for
safe attachment of the pin in the prosthesis (Fig. 21-2) Y
This type of system may also be easier for an older adult with
visual impairment. A few fac tors that may deter the use of
this system are increased difficulty in prosthetic fit, increased
fabrication costs, and a potential development of skin aller
gies from the liner material.
Intrinsic muscle atrophy in the unaffected lower ex
tremity can influence lower limb alignment and the joint
integrity and soft tissue structure of the remaining foot, re
sulting in gr ater risk of damage due to trauma. Consulta
tion with app ropriate team members, such as an orthotist, is
recommended to provide orthoses or oth er types of accom
mod ative foo twear that may reduce trauma and delay, if pos
sible, fu rther excess strain on the muscles of the unaffected
lower limb.
Any areas on the body with diminished sensation, espe
cially due to diabetes or PVD, can potentially ,increase a
patient's risk of developing bruises, ulcers, and other skin
problems. In the long term, this patient may experience ad
d itional det r imental consequences, including further loss of
limb or loss of the contralateral limb. Prosthetic fit and com
fort can be particularly difficult if sensory feedback in the
residual limb is affected. Teaching compensatory techniques,
such as using a hand-held mirror to clearly see the entire
residual limb along with careful monitoring of skin condi
tion, will reduce the risk of skin damage to all areas affected
by sensory loss.
The result of limb dysfunction secondary to cerebrovas
cular accident (CVA) also may affect the person's ability to
control tl e prosthesis if worn on the involved side. Changes
in muscle tone, loss of range of motion, weakness, and de
creased coordination associated with CVA can also have ef
fects on the contralateral extremities and must be carefully
examined. T he ability to perform coordinated tasks in a spe
cific sequence is essential for prosthetic donning and doffing
as well as functional per formance. Few, if any, prosthetic
modifications can accommodate for these types of prob
lems. Unfortunately, when the impairments and functionai
limitations are substantial as a result of a CVA, the patient is
typically not considered to be a strong candidate for safe
prosthetic use.

331

prosthetic use by older adults. Some of the pertinent changes
in skin relative to use of a prosthesis include atrophy and
fragility of the dermis, decreased solubility and stiffness of
collagen, decreased elasticity, reduced viscosity, less eccrine
and apocrine sweat, and regression and disorganization of
small vessels.:<i Rete ridges, which lie at the epidermal junc
tion, are directly responsible for the sk,in's resistance to
shearing forces. These ridges are thought to flatten with ag
ing. Therefore, the skin's ability to resist shearing forces is
compromised. OlinicaUy, this is often seen as skin tears and
can occur at any interface between the residual Limb and the
prosthesisY Persons with diabetes or PVD can also present
with decreased sweat gland function, decreased tolerance to
shear forces, and decreased skin structural stability sec
ondary to a compromised microcirculation.
It is also important to consider the problem of decreased
sweat gland function because the socks worn within a pros
thesis can be extremely warm and often hot. Alteration in
perspiration within the socket can result in skin conditions
such as folliculitis (inflammation of the hair follicle) that
may result in pain and discomfort. If this condition persists,
prosthetic use must often be temporarily discontinued,
which has significant impact on the person's functional
abilities. Patient education regarding personal and pros
thetic hygiene and consultation with the prosthetic team
are encouraged.
To understand the appropriate timing to schedule pros
thetic fitting and initiate safe progression of prosthetic use,
the clinician needs to be aware of normal wound healing for
the older adult, including wounds that occur through surgi
cal intervention.
Wound healing is age dependent. 'G Wound healing in the
elderly follows the classical inflammatory, proliferative, and
remodeling phases. However, these phases take place at a de
layed rate. l O The tensile strength of heaiing wounds, as de
fined by the force required to disrupt wounds, is decreased in
persons older than 70. 7 Again, diseases such as PVD and di
abetes can also delay healing time for surgical wounds. The
distal end of the limb, especially along the scar line, is thus
most vulnerable to damage. Dehiscence of the wound can
occur if fit is improper or too much stress is placed on the

Integumentary
In essence, the only sk.in surface on the human body de
signed to tolerate weight bearing is the plantar surface of the
foot. By virtue of the design of lower limb prostheses, one
must consider the impact of weight-bearing forces on the
skin and soft tissue of the residual limb. Maintaining healthy
skin integrity is critical because wearing a prosthesis requires
an intimate fit between the socket and the person's resid
uallimb.
Physiologically, skin changes with aging. These changes
may vary by gender, race, and influence of disease; however,
much greater research is needed in this area as they relate to

FIG.21-2
A suspension sleeve with a pin attachment on its end
can be rolled onto the residual limb, requiring less fine motor hand
function.
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incision site in wearing the prosthetic in the early phases of
postsurgical rehabilitation. Edema reduction or control of
volume of the residual limb may be difficult due to the pres
ence of circulatory disease. Volume changes in the residual
limb affect its shape and size, ultimately influencing the type
and timing of initial and final prosthetic fit.
An essential part of clinical management of the patient
with lower limb amputation concerns monitoring the pa
tient's skin condition before and throughout prosthetic
training. In view of the skin changes and wound healing
time that occur with aging, the therapist must be certain that
the wound is completely healed for training. The approxi
mate or average time for fitting a prosthesis varies but is
around 3 months after surgery.29 Prosthetic fitting can occur
as early as 3 to 4 weeks for the person with transfemoral am
putation and 5 to 6 weeks for the person with transtibial am
putation but remains dependent on scar healing. Early or
immediate postoperative fitting is sometimes attempted but
is not commonly recommended for the older adult due to
the nature of amputation.
The most commonly prescribed prosthetic sockets are
made of rigid materials that do not readily yield under forces
during activities such as gait. Pressure and stability require
ments are in opposition within a prosthesis, where a rigid
support is required for stabilization during weight bearing,
but a soft support is important to reduce pressure on soft tis
sue and enhance proprioception. 2 The material of the socket
and the alignment of the prosthesis have been shown to in
crease the shear forces and pressure on the residual limb
within a socket,26,45 Flexible sockets, which are not com
monly prescribed for the older adult because of cost, dura
bility, and greater complexity in fitting, may allow increased
comfort by reducing shear forces on the skin.24.38 Residual
limb socks or liners, which are used to create a more intimate
fit, are also in direct contact with the skin. In the past, socks
were made of materials such as cotton and wooL Recently,
prosthetic modifications have included the use of limb socks
or liners made of newer materials, such as silicone. For ex
ample, alpha liners, silipoas sleeves, among others have a gel
like feel and provide cushioning to the residual limb within
the socket. This type of modification may be helpful to re
duce shear on the residual limb; provide more uniform pres
sure; and hopefully, improve comfort, especially for the
older person with fragile skin after transtibial amputation.
In addition, these materials also may more readily accom
modate for changes in limb volume secondary to edema.14•38
One concern is that the materials used in certain liners or
socket fabrication can cause allergic reactions in the form of
a rash or dry irritated skin25 ; therefore, skin condition must
be monitored carefully. As with other prosthetic modifica
tions, research regarding the effectiveness for preventing
skin breakdown and improving comfort and function in the
older amputee is clearly needed.
Finally, skin integrity of the contralateral limb needs to be
carefully examined. It is important to document any changes
in lower limb pulses; presence of edema; and any alterations

.

in the amount of hair, color, and degree of warmth. Padding
areas of the prosthesis, such as the rivets over suspension
mechanisms or over prominent areas of the socket, may
be needed to reduce the risk of tearing skin on the unin
volved limb.

PROSTHETIC CLINIC TEAM
Typically, the clinic team includes a physician, a prosthetist,
and a physical therapist. Each one of these members of the
prosthetic clinic team contributes an important perspective.
Other team members, such as the case manager and psy
chologist, may additionally become involved in assisting the
older person to achieve optimal recovery after amputation.
Unfortunately, the patient's role as a member of the team is
often overlooked by the practitioners on the clinical team.
Patient and family involvement are extremely important,
and these members of the team should be present at each
meeting whenever possible.
The physical therapist should provide the team with a
thorough examination and evaluation of the patient before
the prosthetic prescription. This examination should in
clude a thorough history and systems review and objective
tests and measures, with an overall emphasis on the pa
tient's previous functional abilities and goals for the future
(Box 21-1). The physical therapist should also playa role in
prosthetic prescription. The initial part of the prescription
process should involve all team members, including the pa
tient. The prosthetist has particular expertise in the fabrica
tion and alignment of a prosthesis. Furthermore, the pros
thetist will bring to the attention of the team knowledge of
the most recent advances in components appropriate to the
older adult. Continual consultation between the prosthetist
and the physical therapist ultimately creates a very effective
means of caring for the patient.
Once the prosthesis is fabricated and fit to the patient, the
physical therapist bears substantial responsibility for assist
ing the patient with adjustment to afld acceptance of the de
vice, along with continual assessment of fit and function
during all of the patient's activities of daily living. Finally, the
physical therapist must maintain open lines of communica
tion with the prosthetist so that modifications can be made
based on the patient's physical performance and the fit and
alignment of the prosthesis.
It is unfortunate that clinical teams may not be readily
available to every patient with prosthetic requirements; this
may especially affect persons residing in long-term care, as
sisted care facilities, and at home. Quite often for persons
with amputation who reside in long-term-care facilities, the
therapist initially learns of problems, such as changes in the
persons ability to wear and use the prosthesis safely and ef
fectively, from the nursing staff or family members or from
an annual screening process. By this time, problems such as
improper fit and decreased patient satisfaction may have re
sulted in a decline in functional abilities. For the person liv
ing in the community, dissatisfaction with fit and function
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often arise when the patient obtains multiple prostheses
from different prosthetists without adequate examination
from rehabilitation experts or clinic teams.
Ums demonstrated a reduction of about 20 days in in
patient hospital stay, a fivefold increase in percentage of pa
tients discharged with prosthesis, and a threefold increase in
the effectiveness of long-term rehabilitation over as-year
period among patients who received team care compared
with persons treated in environments without a clinical
team approach.30 Multidisciplinary teams, functioning in a
coordinated effort, offer a sound way to identify and resolve
the complex problems that accompany amputations, espe
cially among the very young and very oldY

PSYCHOSOCIAL IMPLICATIONS
Psychosocial issues relevant to successful prosthetic manage
ment warrant careful consideration of an individual's readi
ness, cognitive status, and depression. In some cases, the in
fluence of the involvement of significant others or family
may also determine whether prosthetic use is feasible. In ad
dition, factors such as the cost of obtaining and learning to
use a prosthesis may pose a significant financial burden to
the patient and family and therefore must be considered.
Most importantly, the patient must have a desire to use a
prosthesis. The loss of a limb is almost always considered ini
tially devastating by the individual, and this perception exists
regardless of age. A person's evaluation of his/her body im
age can both positively and negatively influence self-esteem,
anxiety, and depression. s Specific education about the ad
vantages and disadvantages of using a prosthesis for cosme
sis, functional activities, and ambulation may assist the pa
tient and others involved to understand the scope and
limitations of the rehabilitation outcomes expected for that
individual. Support groups, peer visitors, or volunteers who
can demonstrate different prosthetic components and their
level of success are sometimes psychologically beneficial to
the patient who is preparing to use a prosthesis. Because psy
chological readiness is so extremely important to outcome,
the patient may require psychological intervention before or
concomitant with the physical therapist's intervention.
Although intellectual ability is normally maintained well
into the mid-70s or later, other aspects of cognitive function,
including the speed of memory processes and abstract
thinking, decline with age. These changes, if present, have
significant implications for an older individual's ability to
incorporate new skills in motor behaviors to replace lost
abilities.! In view of these changes, all members of the health
care team, and especially the physical therapist, must actively
become involved in consistent, ongoing education. Repeti
tion of tasks may prove helpful for the patient and family to
learn new tasks such as donning and doffing of the prosthe
sis. One effective tool that a physical therapist may use is an
educational questionnaire that addresses all aspects of resid
uallimb care and prosthetic management (Box 21-2). These
questions can be asked frequently, to ensure safety with limb
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1. Patient History
Past medical history:
Prior functional abilities:
Patients goals:
Systems Review
Medical diagnosis:
Tests and Measures
Range of motion:
Muscle performance:
Neuromotor development:
Integumentary integrity:
Sensory integrity:
Anthropometric characteristics of residuum:
Pain:
Gait-locomotion and balance:
Assistance:
Ambulation:
Device:
Distance:
Cognition:
Footwear:
Evaluation/Physical Therapist Diagnosis:
Plan for Prosthetic Prescription:
II.

Clinic Visits Examination
Device:
Patient Self-Report:
Gait Deviations:
Problem Areas (include the prosthetic or patient problem and
source):
Fit (document adjustments needed):
Patient/Family Instruction (includes wearing time, skin inspec
tion, gait, don/doff of device, exercise, other):
Footwear (includes shoe/sneaker-modifications needed):

care once the patient is independent of therapy. Home pro
grams on videotape or with pictures can be helpful for those
who have difficulty with written items. Even patients with
minimal to moderate cognitive impairments have learned
to use a prosthesis with consistent repetition in a structured
environment.
Research has indicated that memory, attention, concen
tration, and organizational skills are cognitive functions
necessary for effective use and maintenance of a pros
thetic limb. 41 Many mental and affective assessment tools,
such as the Mini-Mental Status Examination, Beck's Depres
sion Inventory, and the Test of Mental Functions for the
Elderly, are available to the physical therapist and could be
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Prosthetic Socket Management
Where should your leg feel the pressure in the socket?
What does the liner do?
What is the difference between the sheathlliner and the socks?
How often should you clean the socket?

Sock Management
Name the different types of socks and how many you should wear?
What is the proper way to put on your socks?
How should you wash and dry the socks?
What do you do when your leg feels loose in the socket?
What do you do when your leg feels tight in the socket?
Why is it important to always carry extra socks with you when
wearing your artificial leg?

Skin Care
What is the importance of checking your skin regularly?
How long should areas of redness last on your skin?
What do you do when you have an area of skin breakdown?

Level 0: Does not have the ability or potential to ambulate or
transfer safely with or without assistance and a prosthesis does
not enhance patient's quality of life or mobility.
Level 1: Has the ability or potential to use a prosthesis for trans
fers or ambulation on level surfaces at fixed cadence. Typical of
the limited and unlimited household ambulator.
Level2: Has the ability or potential to traverse low-level environ
mental barriers such as curbs, stairs, or uneven surfaces. Typical
of the limited community ambulator.
Level 3: Has the ability or potential for ambulation with variable
cadence. Typical of the community ambulator who has the abil
ity to traverse most environmental barriers and may have voca
tional, therapeutic, or exercise activity that demands prosthetic
utilization beyond simple locomotion.
Level 4: Has the ability or potential for prosthetic ambulation that
exceeds basic ambulation skills, exhibiting high impact, stress,
or energy levels. Typical of the prosthetic demands of the child,
active adult, or athlete.
(Adapted from the Region C DMERC Supplier Manual [Summer 1997J.)

implemented as a component of the initial examination, if
deemed necessary. 15,20
The costs associated with prosthetic fabrication, fitting,
and follow-up can also be substantial. A prosthesis for a per
son with lower limb amputation can cost thousands of dol
lars; yet, many insurance policies often only cover 80% of the
total amount. In an overview report on 15 persons with
traumatic below-knee amputation in 1997, Lims noted that
the mean number of prostheses per patient was 3.4 with a
total prosthetic charge of $10,829 (range, $2,558 to $15,700)
during the first 3 years of wearing a prosthesis. 30 Presently,
many of the advances in socket design and liner materials are
not covered by Medicare and can be costly for the patient.
Many older adults live on limited incomes in their later
years, especially older women whose income after retirement
is generally less than that of their male counterparts. The ex
istence of poverty, especially among older persons of racial
and ethnic minority, may further prevent their ability to pay
20% of the medical bills incurred. Furthermore, those who
are underinsured may need other sources of income or sup
port from community organizations to subsidize the costs of
a prosthesis. Any of these factors can create financial hard
ship for the older person after amputation. Thus, the deci
sion about which type of prosthesis, or even whether to pro
vide a prosthesis, may become quite dependent on the older
adult's socioeconomic status. In many of these situations, the
clinician may choose to take on an advocacy role or make a
decision to refer the patient to a skilled case manager for fur
ther support.

Insurance Guidelines for Prosthetics
Insurance reimbursement guidelines for prosthetics are usu
ally found with the rules that cover durable medical equip-

ment. Established insurance guidelines can be useful to clin
icians because they often affect the patient's, the pros
thetist's, and other clinic team members' decisions before a
prosthetic is prescribed. As health care changes, with the
possibility of increased managed care for all older adults, the
clinical team will need to consider the particulars of the in
dividual's health insurance benefits before prescribing a
prosthesis. Third-party payers typically require a physician's
prescription as a part of the reimbursement process.40 In the
early 1990s, four regional medical directors for prosthetics,
orthotics, and supplies collaborated with Medicare to de
velop criteria and coverage policies for prosthetic prescrip
tions. The resulting document is a detailed supplier manual
for prosthetics and orthotics, whereby the four durable med
ical equipment regional carriers (DMERCs) follow the same
policies for prosthetic prescription; however, coverage and
reimbursement for similar items may vary by region. 35 The
Health Care Financing Administration (HCFA), which ad
ministers the Medicare program, approved these policies as
an established set of guidelines that describe the type of
lower limb prosthesis that may be covered based on the per
son's "potential" functional level. Originally, the guidelines
did not include the word "potential." This term was added in
recent years and as a result allows the clinical team greater
decision-making autonomy in determining the likelihood of
prosthetic success. Presently, the guidelines state that the de
termination of "potential" functional ability is based on the
reasonable expectations of the prosthetist and the ordering
physician, considering factors including, but not limited to,
the patient's past history (including prior prosthetic use if
applicable); the patient's current condition, including the
status of the residual limb and the nature of other medical
problems; and the patient's desire to ambulate. 35 The "po
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tential" functional levels from the Region C DMERC Supplier
Manual for prosthetics is displayed in Box 21-3. 35

COMPONENTS OF THE PROSTHESIS
Comprehensive texts and recent articles regarding specific
prosthetic components and prosthetic training for diverse
patient populations have been well-documentedy,3o,33,34 To
ensure that the patient can properly and safely use the pros
thesis, the clinician must understand how different sockets
and components function. Consultation and discussion with
a prosthetist is extremely helpful to develop further appreci
ation of the various types of components most suitable to
the older adult patient. Sequences for donning and doffing
and the progression of functional training with a prosthesis
are quite similar for the older adult and a younger person.
Some of the more commonly prescribed prosthetic com
ponents based on functional levels as earlier described under
insurance guidelines are listed in Table 21-1. 35 Most adapta
tions from the prostheses described in this table are made
based on the decisions of the patient and clinic team to max
imize a patient's independence in the use and management
of the prosthesis.
A general rule regarding prosthetic prescription for the
older adult is that the prosthesis should be light-weight,
comfortable, safe, securely suspended, and easy to put on
and take off.27 The prosthesis should be simple, and the com
ponents used should be considered most appropriate for the
"potential" functional level. The prosthesis should be fitted
and aligned to maximize stability.
Insurance limitations or specific guidelines for prosthetic
socket design are not as restricting as those for component
parts; therefore, socket fabrication may be more dependent
on the comfort of the patient and the skill of the prosthetist.
Although suction is the preferred method for suspension,
this is difficult for the geriatric amputee with conventional
donning techniques. 1 As previously mentioned, alternative
types of liners and suspension systems, such as the "3-S:'
may be easier for an older person. With the transfemoral
prosthesis, the knee joint should be reliable, stable, and sim
ple to use. New knee joints that combine the features of
weight-activated stance as well as polycentric and pneumatic
control provide greater stability in stance phase. 1Finally, the
prosthetic foot should be light-weight for all older adults.
Again, all components should be considered durable, stable,
simple, and cost-effective. 6
ISSUES RELEVANT TO
REHABILITATION
It is important to remember that many studies show that a
high percentage of older adults discard their prosthesis
within months or the first year of training. 3,8,53
However, intensive rehabilitation efforts by an interdisci
plinary team have shown positive outcomes for use of pros
thesis. 17,30 Also, rehabilitation after the loss of the second
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TABLE 21-1

COMMONLY PRESCRIBED PROSTHESES
FOR THE OLDER PERSON
FUNCTIONAL

LEVEL

TYPE OF PROSTHESIS

FO

No prosthesis is prescribed
Suspension: Silesian for transfemoral;
supracondylar for transtibial. Suction
not considered.
Socket: Quadrilateral for transfemoral;
patella-tendon bearing for transtibial.
Liner: Pelite (two per prosthesis).
Knee: Single axis, constant friction, safety
Ankle/Foot: SACH.
Suspension: Same as for Fl, suction
considered
Socket" and Knee: Same as for FI.
Ankle/Foot: Axial rotation units, flexible
keel, and multiaxial foot.
Suspension: Suction most often
considered, also secondary suspension
Socket: Same as for Fl and F2.
Knee: Fluid and pneumatic knee.
Ankle/Foot: Flex foot or flex-walk system,
energy storing foot, multiaxial ankle/
foot, dynamic response.

Fl

F2

F3

SACH = single axis cushion heel
'Suction socket designs, such as the narrow medial lateral, CAT-CAM or CAD-CAM,

ischial containment, flexible brim, etc.
(Adapted from the Region C DMERC Supplier Manual [Summer 1997].)

limb is more likely to be successful if rehabilitative efforts
were successfully undertaken after the loss of the first limb. 23
Finally, based on what has been reported to date thus far, the
physical therapist must remember that prosthetic success is
multifactorial.3,16,53
One of the trends in health care is that many persons are
being discharged from acute care to home earlier, and their
cases are being followed through home health services with
or without physical therapy involvement, until wound heal
ing is complete and the patient can be considered ready for
prosthetic fitting. For the person with lower limb amputa
tion, this may mean discharge before prosthetic limb fitting.
Under optimal circumstances, the person has achieved inde
pendence in wheelchair management and mobility and in
dependence in basic activities of daily living at a wheelchair
level before this discharge. 1In addition, the added time dur
ing wound healing allows time for the patient and the reha
bilitation team to focus on the pre-prosthetic program,
which can afford the best opportunity to formulate realistic
treatment goals. 12 The overall costs of rehabilitation for the
older adult, however, may also be increased if the patient
needs an extended period to function successfully after am
putation. This remains to be more fully studied.
Another issue related to rehabilitation is that a delay in
prosthetic fitting can often make prosthetic training at a later
date very difficult. Deviations in gait may be increased with
a lower frequency of physical therapy intervention early on
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in the rehabilitation process and may ultimately require
longer therapy. Psychological readiness can also be adversely
affected with delay in fitting. Some patients become so pro
ficient in functioning with a wheelchair that they express
concerns about fear of falling and the effort needed to learn
to be proficient in ambulating with a prosthesis. In the past,
numerous studies have related prosthetic success to intensive
in-patient rehabilitation 8,]7,30,53; however, to date, there are
few, if any, studies that compare different settings to level of
successful outcomes. Regardless of the setting for early inter
vention, once the wound is healed, successful prosthetic use
will certainly be enhanced by coordinated rehabilitation
team efforts.
Finally, there is no doubt that in the initial phases of pros
thetic use, more frequent prosthetic revisions and patient
and family training are necessary to ensure safe use and es
pecially prevent complications of skin breakdown. System
atic methods of examining the person with amputation and
his/her prosthesis not only determine whether the goals of
comfort, function, and cosmesis have been met, but also
serve as a basis to correct problems. 38 In the home arena, the
members of the team may simply need to communicate
more frequently by telephone or other means to allow con
stant dialogue between physician, prosthetist, and therapists.
Furthermore, each member of the team and those members
of the patient's immediate family affected by the limb loss
need to independently examine and evaluate the patient to
better determine appropriate management so that the pa
tient achieves an optimal functional level, which attends to
his/her quality-of-life needs. 40

•

Case Studies
Case Study 1
Ms. M is 67 years old and had a left transfemoral amputation
on Nov. 13, 1997, secondary to vascular insufficiency. She
presented with multiple medical issues and significant past
medical history as follows: PVD, coronary artery disease
(CAD), pancreatitis, diverticulitis, chronic obstructive pul
monary disease (CO PD), cervical cancer, lung cancer, hyper
tension, history of seizures, and status post colostomy. Pa
tient and family goals for rehabilitation were to receive a
prosthesis and learn to walk. The discharge plan was for the
patient to return to her daughter's home with 24-hour su
pervision. Her status at admission to rehabilitation in De
cember 1997 included the following problems:
• Range of motion: Remarkable for hip extension con
tractures of -25 degrees left (residual side), -15 de
grees right. Left upper extremity shoulder flexion 0 to
85 degrees, abduction 0 to 80 degrees.
• Motor performance: Grossly 3+ /5 left lower extremity,
4-/5 right lower extremity.
• Integument integrity: Residuum with sutures removed,
healing well.

~

il:
~

o!

Bed mobility/transfers (without prosthesis): Minimum
assistance for bed mobility, for squat-pivot transfer bed
to/from wheelchair, and to stand from chair in paral
lel bars.
• Cognitive status: Fluctuating confusion, follows one
step commands, emotional lability. (Upon admission,
medication changes resulted in resolution of pseudo
dementia, but decreased cognition for complex tasks
persisted.)
Prosthetic Clinic Assessment
The patient was evaluated in the prosthetic clinic 4 weeks af
ter her date of amputation. Even though the patient had
multiple issues, she was progressing well with functional
tasks and was very motivated to walk with good family sup
port. The patient was measured for a left quadrilateral
socket, with socket flexed to accommodate her contracture,
with a single axis locked knee, and single axis cushion heel
(SACH) foot.
Ms. M's in-patient rehabilitation physical therapy pro
gram before she received the prosthesis involved group as
well as individualized treatment sessions. Group mat activi
ties emphasized lower extremity stretching and strengthen
ing exercises. Patients also worked on dynamic sitting bal
ance activities with a balloon or ball toss and performed
cardiovascular training on an arm ergometer, with vital signs
monitored as appropriate. Individual prosthetic training be
gan on parallel bars with emphasis on weight acceptance on
the prosthesis, dynamic weight shifting, and limb progres
sion to prepare for ambulation with a walker. Patient and
family education for prosthetic management and mobility
tasks, such as transfers and wheelchair management, were
addressed by all members of the team consistently and
repetitively due to the patient's initial difficulty remember
ing complex activities.
At the time of discharge from rehabilitation, 3 weeks af
ter receiving the prosthesis, her status was as follows: super
vision for transferring to/from bed and wheelchair; supervi
sion and occasional minimum assistance for donning!
doffing the prosthesis; wearing prosthesis for 6 hours per
day; supervision for gait with a standard walker and pros
thesis, 80 to 100 feet; and contact guarding for negotiating
5 to 10 steps with a railing. Family members were able to
safely and independently assist the patient with donning and
doffing the prosthesis, transfers, gait, and stair climbing.
Follow-up prosthetic clinic assessment was continued on
an out-patient basis. The assessment 1 year after in-patient
rehabilitation shows that the patient continues to ambu
late in her daughter's home several times per day and is
able to negotiate stairs to get outside the home. She required
supervision only for safety, secondary to decline in cogni
tion. Her family also supervises her in prosthetic donning!
doffing.
Ms. M had multiple medical problems, with significant
physical and cognitive limitations noted. In view of these
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problems, she also had multiple relative contraindications
for prosthetic fit. The patient and family, however, were
highly motivated and willing to work with the entire reha
bilitation team to achieve this level of success. A trans
femoral prosthesis that is simple in design, modified to ac
commodate the contracture in her hip, and aligned to
maximize stability allowed her to function in her daughter's
home with only minimal supervision. Early rehabilitation
and coordinated efforts of the prosthetic clinic team can play
a significant role in promoting a person's maximum func
tional potential.

Case Study 2
Mr. B is 62 years old and underwent a left transtibial ampu
tation secondary to vascular insufficiency on April 10, 1997.
He was referred to the out-patient prosthetic clinic July 1997
and presented with a well healed left residuum. Past medical
history included bilateral femoral-popliteal bypass grafts in
1996 and history of angina, PVD, CAD, and type II diabetes.
The patient's goal was to receive a prosthesis and begin walk
ing as soon as possible. Before his amputation, he had re
cently retired as a carpenter and was extremely active in fish
ing, sailing, and hiking.
Prosthetic Clinic Assessment
Physical therapy examination for prosthetic determination
noted the following problems:
Range of motion: Remarkable for knee flexion contrac
ture of -10 degrees residual side; + 10 degrees left
Thomas test.
Motor performance: Grossly 5/5 throughout.
Integument integrity: Residuum scar well healed, bul
bous shape with mild edema noted distal end of
residuum.
Bed mobility/transfers (without prosthesis): Indepen
dent.
• Gait: Ambulates independently more than 2000 feet
with axillary crutches in home and community; inde
pendently ascends/descends 24 steps with crutches and
railing.
• Cognitive status: Intact.
Mr. B was examined in the prosthetic clinic 3 months af
ter his date of amputation. Since he had recently retired, he
was having difficulty with his insurance company and could
not begin prosthetic fitting until his coverage plan was cor
rected. He was extremely frustrated with his company and
was extremely anxious to walk. Even though the patient was
progressing well with functional tasks and the surgical site
was well healed, he had not been performing any methods
for edema control, stretching exercises, or desensitization
techniques for the residuum. Emphasis was placed on edu
cation for the use of a shrinker, hamstring stretching for his
left leg, and massage techniques to assist with desensitiza
tion. A follow-up clinic visit was established for 2 weeks with
a goal of making a cast for a left patella-tendon bearing pros
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thesis with a supracondylar suspension strap and a carbon
copy II foot.
Mr. B was fitted with his prosthesis 3 weeks after the ini
tial visit and was referred for out-patient physical therapy in
tervention. On the follow-up clinic visit, he reported doing
hamstring stretching, but he was not performing the
stretches at the recommended consistency and thus the con
tracture had only decreased by 5 degrees. The prosthesis was
aligned to accommodate this knee position; the socket fit
was acceptable with no areas of redness noted in pressure
sensitive areas on the residuum. He was educated in man
agement of use of limb socks and proper skin inspection and
was instructed to wear the prosthesis 1 hour twice a day
while sitting, then increase wearing time 1 hour each day
if no skin problems were observed. He was instructed not
to ambulate with the prosthesis until he began physical
therapy.
He reported to his first physical therapy session 2 days
later and stated that he had worn his prosthesis 6 hours after
the prosthetic clinic session and was trying to walk on it be
cause he was really anxious to "get moving." The physical
therapist noted on examination several blistered areas along
the incision/scar line and grafted site and contacted other
members of the clinic team. This area of skin breakdown ne
cessitated that Mr. B stop wearing the prosthesis for
10 days. He was offered support regarding his progress thus
far and was encouraged by the team to carefully attend to the
recommended program.
The patient was seen again by the clinic team 10 days af
ter the wounds had healed. The team decided to provide him
with a gel sock to decrease friction over the distal end of the
residuum and skin graft site and therefore increase his pros
thetic wearing tolerance. He then began gait training with
physical therapy. At this time, he carefully complied with his
wearing schedule and continued to progress without further
complications.
The evaluation 3 months after the initial clinic visit
showed that the patient achieved independent community
ambulation on all surfaces without an assistive device.
Mr. B's case continues to be followed by the prosthetic clinic
every 3 to 6 months, as needed, for monitor of fit, alignment,
and wear. He returned to fishing, sailing, and hiking.
This patient had issues related to limited insurance cover
age after amputation, resulting in a delay in prosthetic fit. In
addition, his anxiety about "being behind" and wanting to
"get moving" compromised his skin integrity and further de
layed the process. A simple modification of using a gel liner,
instead of a standard limb sock, reduced friction on the
residuum and allowed him to progress more rapidly with
wearing time and ambulating with the prosthesis. The coor
dinated efforts of the out-patient physical therapist and the
prosthetic clinic team, who included support and encour
agement to comply with the prescribed program, allowed
him to maximize his functional potential as quickly as
possible.
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SUMMARY
Many factors influence the successful use of a prosthesis for
the older person who has experienced a lower limb amputa
tion. Careful examination of the person's psychosocial, so
cioeconomic, and physiological status assists the clinician
and entire prosthetic clinical team in formulating a progno
sis and designing appropriate interventions that lead to suc
cessful prosthetic functional outcomes. Improvements in
surgical techniques for amputation and advancements in
prosthetic design occur each year. Yet the effects that these
scientific advances have on the quality of life and functional
mobility of the older adult who uses a lower limb prosthesis
remain to be studied fully. Physical therapists may encounter
older adults who require prosthetic prescription and appli
cation more often in the home setting than ever before, given
the present trends in health care service delivery. Advocacy
and consultation with other members of the prosthetic team
are essential to assist older adults to achieve their maximum
functional potential using a prosthesis.
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stimulation. Depending on individual circumstances, physi
cal therapist management of the patient with incontinence is
an important adjunct, or even an alternative, to pharmaceu
tical or surgical interventions.

I

DEFINITION OF URINARY
INCONTINENCE
A straightforward definition of incontinence is the passing of
urine in an undesirable place as this problem frustrates in
volved men or women who, unless severely depressed, have
the inevitable desire to maintain continence. 36 A normal uri
nation pattern in adults includes (1) maintenance of dry un
derclothes at all times; (2) urination volume of approxi
mately 300 to 400 ml at each void; (3) urination frequency of
approximately 4 to 6 times during the day and no more than
once at night; and (4) urination Without any discomfort, ex
cessive effort, or false starts and stops. 10
According to Laycock, several components are needed to
maintain continence. 23 The continent individual must recog
nize the need to urinate, locate the proper place to urinate,
reach that place to urinate in an efficient time period and re
tain the urine until the place is securely reached, and be able
to urinate once arriving at the proper place. In older adults,
particularly those who are disabled or hospitalized, inconti
nence may result more from the inability to reach the desired
place than from any true urological impairment. Many facil
ities have beds or chairs that are hard get out of and toilets
that are difficult to reach, which exacerbate this problem.

•

i

INTRODUCTION
The stigma of urinary incontinence (UI), combined with
professional lack of awareness regarding options for inter
vention, result in gross undertreatment of this disabling
condition with serious consequences for the older indi
vidual. Unfortunately, symptoms tend to become progres
sively worse with age, especially in women reaching the
postmenopausal years. Thomas identified that only 1 in
10 women will seek professional services for incontinence. 31
Furthermore, a survey by Lewis indicated that 75% of
827 women subjects with incontinence aged 40 to older than
70 had remained silent for 3 or more years before consulting
help.24 Ultimately, the severe restrictions on trips from home
and concerns over the detection of odors prompted these
women to seek medical assistance. Fortunately, several forms
of treatment are effective in improving or curing UI, includ
ing common physical therapy interventions such as thera
peutic exercise, weight training, biofeedback, and electrical

r

PREVALENCE
Undesirable leakage of urine ranks as one of the earliest med
ical complaints recorded in the Papyrus Ebers, dated 1550 Be;
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the curative concoction was based on berries. 3? Current
statistics demonstrate the continuation of this symptom
through the ages, with incontinence currently afflicting an
estimated 13 million men and women in the United States.
Women experience incontinence twice as often as men, with
15% to 30% of women in all age groups affected. 9 Among
middle-aged women, research indicates that 58% reported
some urine loss, but only 25% sought treatment.? Among
non-institutionalized women older than 60, it was found
that 37.7% suffered from incontinence. 13 Low-end estimates
of the prevalence of incontinence among nursing home res
idents start at 50% and at a cost of $3.3 billion each year (of
the $7 billion spent on total direct costs incontinence). Lack
of control over urination is one of the five main reasons for
admission to a nursing home, along with immobility, cogni
tive impairment, falls, and the consequences of stroke.

ANATOMY AND PHYSIOLOGY

Pelvic Floor Anatomy·
The pelvic floor is a group of tissues that covers the opening
created at the base of the bony pelvis in much the same way
that the diaphragm attaches between the ribs. Complex and
often misunderstood, the role of pelvic floor in supporting
pelvic organs was long underappreciated. This was partly
due to study based on dissections of cadavers lying in a
supine position. 27 The supine position of the cadaver, along
with the embalming process, gave a false bowl-like appear
ance to the pelvic floor that is more accurately described as
shelf-like. DeLancey's research divides this region into three
main layers, going from inner layer to outer layer, known as

the endopelvic fascia, the levator ani muscles, and the external
anal sphincter, and a fourth layer relating to sexual function
via the external genital muscles. 11
The pelvic muscles playa key role in supporting the blad
der. These muscles must not only be able to contract voluntar
ily (and rapidly at times) but also maintain a continuous rest
ing tone. Primary pelvic organ support lies on the levator ani.
When the levator ani contracts, it not only lifts the bladder
neck but also helps resist force from any increase in intraab
dominal or intra urethral pressure. Fascial attachments, such as
pelvic and endopelvic fascia, assist in maintaining proper blad
der support. From a muscular standpoint, continence mainte
nance is most affected by medial fibers of the levator ani.n
These pelvic muscles include a combination of sIow- and fast
twitch fibers; the former handle the postural response, whereas
the latter act reflexively in response to a sneeze, cough, or other
sudden stimulus. Thus, both fast- and slow-twitch muscles
need to be considered during examination.
The levator ani can be subdivided into four regions whose
anatomical names suggest their location: pubococcygeus, also
known as the pubovisceral muscle; iliococcygeus; pubovagi
nalis; and both the puborectalis and puboanalis. II ,17 The spe
cific anatomical relationship of the pubococcygeus to the
pelvic organs is depicted in Fig. 22-1. Other muscles of the
pelvic diaphragm include the obturator internis and the piri
formis.

Physiology ofMicturition
Micturition, or the process of urination, is controlled by
phases of storage and emptying. During the storage phase the
bladder, a muscular vesicle situated behind the symphysis
Pubovaginalis m.

}

Pubococcygeus

Puborectalis m.

}

ltiococcygeus m.

Le~ator
am

Obturator
internus m.

Coccygeus m.
Piriformis m.

Sacrum

FIG. 22-1

341

The pelvic muscles. (From Mathers LH: Clinical Anatomy Principles. St. Louis, Mosby, 1996.)
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pubis, slowly fills with fluid from the kidneys via the tube
shaped ureters. Promotion of storage is assisted by sympa
thetic relaxation of the bladder muscle (the detrusor) and by
contraction or closure of both the pelvic muscles and the
urethral sphincter.
Like a faucet valve, the urethral sphincter surrounds the
urethral outlet and must exert enough pressure to withstand
the effects of the bladder filling with urine. Thus the urethral
sphincter has a reciprocal relationship with the bladder; it is
contracting while the detrusor muscle of the bladder is re
laxing. This mechanism maintains continence until the
bladder is full, approximately 375 rnl, and/or until ready for
the emptying stage.
During the emptying phase the bladder detrusor parasym
pathetically contracts, pushing the urine out while the ure
thral sphincter and pelvic floor muscles relax to allow pas
sage. After the bladder is empty, the pelvic floor returns to a
contracted state and the urethral outlet is closed shut. As
long as this outlet pressure is stronger (using the support of
the pelvic muscles) than the pressure from the bladder, there
is no unwanted urine leakage.

CAUSES OF URINARY INCONTINENCE

Subtypes
There are six subtypes of UI: urge, stress, mixed, overflow,
function, and reflex. The pathophysiology of each subtype
varies along with particular signs and symptoms (Table 22-1).
Transient, or reversible, incontinence may be triggered by in
fection, such as a urinary tract infection, delirium, medica
tions, or stool impaction. 26,33 Serious conditions that may
present as incontinence include brain and spinal cord le
sions, carcinoma of the bladder or prostate, bladder stones,
and hydronephrosis. 5

Incontinence and Aging
The older old (older than 75 years) are more likely as a group
to suffer from incontinence, but this condition is not auto
matically linked with aging, and contrary to common belief,
has nothing to do with dementia. Aging in general has an
impact on UI partially because of obstruction of the bladder
outlet (urethra) in older adults, which is probably due to di
minished or absent urethral compliance or lack of detrusor
contractility.>5 Szonyi and colleagues, for example, reported
that a typical cause of urinary incontinence in elders is de
trusor instability.30 Older people may be more susceptible
due to side effects of pharmaceuticals, lack of necessary so
cial and or medical support, or an interaction of various
pathologies that can lead to functional disability. ,6
Ai; the urinary system ages, the kidneys have diminished
urine concentration, which leads to increased volume of
urine passing through the bladder. In conjunction with
other effects of aging such as hypotrophic changes in colla
gen, elastic tissue, and smooth muscle of the bladder, this
change in urine volume results in more frequent micturi
tion. Decreased muscle tone in bladder, internal and external
i

I

sphincters, bladder outlet, and pelvic muscles also con
tributes to an elderly women's tendency toward UI, accentu
ated by diminished reaction time. Other age-related changes
in women are reduced urethral closure pressure that is pos
sibly due to lower estrogen levels, which leads to decreased
submucosal blood supply and decreased muscle thickness
around the urethra.
Bladder capacity remains the same over a lifetime unless
affected by an acute illness, such as stroke, or a chronic ill
ness, such as Parkinson's disease. Neurological disorders can
trigger bladder instability primarily because they interfere
with normal parasympathetic control of urination. The in
ability to completely empty the bladder leads to increase in
residual urine volume that may promote urinary tract infec
tions, which themselves can stimulate incontinence. 18
In summary, age-related urinary changes include de
creased maximal urethral closure; greater incidence of unin
hibited contraction; increase in postvoiding residual; and al
tered patterns of excretion of fluid, with excretion of
majority of urine at night (one to two episodes of nocturia
are typical of the of the older adult).5 It is clearly inaccurate
to describe age-related changes as causes of UI, but they can
further the likelihood that older adults will experience this
problem. Fortunately, the problem is often transient and can
be rectified promptly with the appropriate intervention.

Gender-Specific Causes of Urinary
Incontinence in Women
Houston reports the most common type of incontinence for
females is stress urinary incontinence (SUI) due to weak
pelvic muscles or a urethral sphincter defect,'8
In addition to the causes of stress incontinence listed in
Table 22-1, other factors specific to women that result in UI
are: childbirth; gynecological surgeries, such as hysterec
tomy; menopause; weakened pelvic support; anatomical hy
permobility and tissue laxity, resulting in less urethral pres
sure due to a shorter urethral lumen; and organ prolapse,
such as cystocele, rectocele, or prolapse of the uterus. 5 ,18,34
About 80% of women with one child have had some trauma
during the birth process that resulted in at least partial de
nervation (although subsequently re-innervated).' Lack of
pudendal innervation weakens pelvic muscle support so that
the urethra cannot withstand any stress, such as straining.
With time, muscle tone can get gradually weaker and weaker.
Submucosal folds inside the urethra provide a very effica
cious sealing effect that is most efficient when the folds are
estrogenized. 14 There are two times when estrogen levels are
lower: menopause and just before onset of menstruation. At
these times lowered levels of estrogen diminish these previ
ously effective folds with a resulting increase in the incidence
of incontinence. Although diminished control of urination
is often linked to alack of estrogen, this has not been proven
in any rigorous controlled study. Often, a good history will
reveal that the incontinence started well before menopause.
Interestingly, Benness and colleagues report that estrogen
deficits after menopause were not an important factor in eti
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TABLE 22-1
SUBTYPES

OF

VI

SUBTYPE

DEFINITION

PATHOPHYSIOLOGY

SIGNS AND SYMPTOMS

Urge

Involuntary loss of urine
associated with a strong
sensation of urinary
urgency

Involuntary detrusor (bladder) contraction,
or detrusor instability (DI)

Loss of urine with an abrupt and strong
desire to void; usually loss of urine on
way to bathroom

Detrusor hyperactivity with impaired
bladder contractility (DHIC)
Involuntary sphincter relaxation

Elevated post-void residual (PVR) volume

Stress

Urethral sphincter failure
usually associated with
increased intraabdominal
pressure

Mixed

Combination of urge and
stress UI

Overflow

Bladder overdistention

. Functional

Unconscious
or reflex

Consequence of chronic
impairments of physical
or cognitive function
Neurological dysfunction

Urethral hypermobility due to anatomical
changes or defects, such as fascial
detachments (hypermobility)
Intrinsic urethral sphincter deficiency
(ISD), or failure of the sphincter at rest
Same as for urge and stress UI

Acontractile detrusor, hypotonic or
underactive detrusor secondary to drugs,
fecal impaction, diabetes, lower spinal
cord injury, or disruption of the motor
innervation of the detrusor muscle
Secondary obstruction due to prostatic
hyperplasia, prostatic or urethral stricture
in men
Obstruction due to severe genital prolapse,
or surgical overcorrection of urethral
detachment in women
Not pathophysiological in origin; secondary
to functional limitations or impairments
Decreased bladder compliance with risk of
vesicourethral reflux and hydronephrosis
Secondary to radiation cystitis,
inflammatory bladder conditions, radical
pelvic surgery, or myelomeningocele
No demonstrable DI in many non
neurogenic cases

Involuntary loss of urine without
symptoms
Small amount of urine loss during
coughing, sneezing, laughing, or physical
activity
Continuous leak at rest or with minimal
exertion, including postural changes
Combination of urge and stress UI signs
and symptoms
Typically one symptom more bothersome
to individual than others; common in
women, especially older women
Variety of signs and symptoms, including
frequent or constant dribbling, urge or
stress UI signs and symptoms, or urinary
urgency and frequent urination

Similar to UI

Postmicturitional or continual
incontinence, severe urgency with
bladder hypersensitivity (sensory
urgency)

Adapted from Pant! lA, et al: Managing Acute and Chronic Urinary Incontinence. Clinical Practice Guideline. Quick Reference Guide for Children, No.2, 1996 update. Rockville, Md,
U.S. Department of Health and Human Services, Public Health Service, Agency for Health Care Policy and Research, AHCPR Pub. No. 96-0686, 1996.

ology of incontinence. 2 On the contrary, Benness found SUI
more common in women receiving hormone replacement
therapy (HRT) than women without HRT, implicating pro
gesterone as a trigger that has a relaxing effect on urinary
sphincter and increases frequency, urgency, and nocturia.
EXAMINATION, EVALUATION,
AND DIAGNOSIS

Examination
Usually incontinence in older adults is multifactorial, neces
sitating thorough history, systems review, and tests and mea
sures, A patient can self-identify the pattern of urinary
symptoms in a log/diary form (Boxes 22-1 and 22-2). Bowel
patterns can also be useful, especially to identify any chronic

constipation that can lead to muscle denervation due to
excessive stretching of the pudendal nerve with resultant
demyelination.
Proper examination of the pelvic floor muscles lays the
foundation for a plan of intervention. 23 Oftentimes, inter
nal measures of pelvic muscle strength can be determined
with special assessment tools, such as a pneumatic or elec
tronic device, many with a digital readout. The position of
the American Physical Therapy Association's Section on
\Vomen's Health on internal assessment states:
Internal examination of the pelvic floor muscles is consistent with phys
ical therapy practice. It complies with national physical therapy policies
requiring the performance of tests and measurements of neuromuscu
lar function as an aid to the evaluation or treatment of specific medical
conditions. 20

~
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There are several methods for measuring impaired pelvic
muscle strength (Table 22-2). Although all are similar, one of
the most commonly used is the modified Oxford scale,
which uses a number to represent a certain grade of muscle
power. The scale measures contractions from a low of 0 for
no contraction (nil) to a high of 5 for a strong contraction.
Intermediate scores of 1, 2, 3, and 4 correspond to muscle
ratings of flicker, weak, moderate, and good. This scoring
system can be adapted to measure muscle endurance by de
termining the duration and repetition of contractions and

The following questions are useful in the initial identification and
examination of urinary incontinence:
• Can you tell me about the problems you are having with your
bladder?
• Can you tell me about the trouble you are having holding your
urine (water)?
• How often do you lose urine when you don't want to?
• When do you lose urine when you don't want to? What activities
or situations are linked with leakage? Is it associated with laugh
ing, coughing, or getting to the bathroom?
How often do you wear a pad for protection?
• Do you use other protective devices to collect your urine?
• How long have you been having a problem with urine leakage?

;0

fast-twitch muscle activity by counting the number of quick
contractions. Visual inspection of proper contracting and
lifting activity of the pelvic floor also can be used to assess
impairment.
Self-assessment can be performed by the stop test. A stop
test simply tests the ability to stop the flow of urine. This test
is best performed during the second void of the day to avoid
any sense of urgency that may accompany the first void of
the morning. It is recommended as an occasional-use test
only. Performing this measure of urine control on a regular
basis is contraindicated because it may trigger bladder insta
bility or infection.
Urodynamic testing and other examination procedures to
assess the extent of leakage in response to increased abdom
inal pressure, such as the pad test, may be performed by the
therapist or other health care professionals. During a pad
test the subject is asked to wear a pre-weighed pad and to
drink 500 ml of fluid in a set period of time, such as 15 min
utes. Next, the subject performs a variety of set functions for
30 minutes, including sit to stand, walking, jumping, reach
ing for an object on the floor, and running water over the
hands. The pad is then re-weighed to collect data on urine
loss during activity.
The extent of the examination process depends on the
subject's age and contributing factors, such as presence of
urinary tract infection, neurological deficit, diabetes, or res
piratory disease. Prior treatment and surgeries; medications;

•
NAMfu ___________________________________
DATfu ____________________________________
INSTRUCTIONS: Place a check in the appropriate column next to the time you urinated in the toilet or when an incontinence episode occurred.
Note the reason for the incontinence, describe your liquid intake (e.g., coffee, water), and estimate the amount (e.g., 1 cup).
Time interval

Urinated in
toilet

Had a small
incontinence
episode

Had a large
incontinence
episode

Reason for
incontinence
episode

Type/amount
of liquid intake

6-8 AM
8-l0AM

10 AM-nOon

Noon-2 PM
2-4pM

4-6 PM
6-8 PM

8-10 PM
10 PM-midnight
Overnight
No. of pads used today: _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
No. of episodes: _________________________
Comments: ___________________________________________________________________

From Fanll JA, et al; Managing Acute and Chronic Urinary Incontinence. Clinical Practice Guideline. Quick Reference Guide for Clinicians, No.2, 1996 update. Rockville, Md,
U.S. Department of Health and Human Services, Public Health Service, Agency for Health Care Policy and Research, AHCPR Pub. No. 96-0686, March 1996.

Chapter 22

URINARY INCONTINENCE AND IMPAIRMENT OF THE PELVIC FI"OOR IN THE OLDER ADULT

such as diuretics or antidepressants; level of fitness; and sup
port systems should also be considered.

INTERVENTION
A common behavioral strategy of the individual with VI is
to increase frequency of urination (micturition), but this
urge to urinate can be consciously suppressed and the time
interval between voids lengthened with training. Non-inva
sive approaches for functional training of the individual
with VI include bladder training, habit (or timed) voiding,
and prompted voiding (Table 22-3). Bladder retraining is of
ten performed by a nurse or continence specialist.
Beginning with exercise, techniques are listed from least
invasive to more invasive. Therapists are advised to consult
appropriate manufacturer's guidelines before treatment. Es
tablishing tissue integrity in the older patient is critical be
fore physical agents are applied.

Therapeutic Exercise for Pelvic
Muscle Rehabilitation
In a review of the literature on the effectiveness of pelvic
muscle exercise (PME), Wells reported rates of incontinence
improvement ranging from 31% to 96%.35 Burns and col
leagues used a sound research design on 123 community-
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dwelling older women. s PME (consisting of four sets of
20-10 quick and 10 sustained contractions-with increases of
10 per set during a 4-week period to reach a minimum daily
repetition of 200) coupled with biofeedback were found to
be effective in decreasing incontinence. The benefits of PME
were maintained, and functional improvement continued
for at least 6 months after the intervention.
Nygaard and colleagues found that 56% of persons who
completed a course of PME had an improvement rate of
more than 50%; this improvement continued when the
subjects were assessed 6 months after the initial course of
treatment. 28 These researchers strongly recommend initiat
ing treatment with PME regardless of a patient's age, other
health problems, surgical history, or location from treatment
facility.
There is no hard and fast rule on the frequency, duration,
and intensity of PME.IB Using the same principles of muscle
training for other areas of the body, muscle re-education of
the pelvic floor should include overloading the muscle,
training specific to each of the muscle groups capturing both
the phasic and tonic capabilities of the muscle, and prevent
ing decline by recognizing the need to continue an exercise
maintenance program throughout the life span.
When instructing a patient on how to contract the pelvic
muscles, the therapist should first have him/her assume a

TABLE 22-2

COMPARISON OF FOUR METHODS TO RECORD PELVIC MUSCLE STRENGTH
MODIFIED OXFORD

GRADING SCALE

TRADITIONAL

DESCRIPTIVE

2

Nil
Flicker
Weak

No initiation of movement
Rapid fatigue after initiation of movement
Not full range, not against gravity

3.
4
5

Moderate
Good
Strong

Full range in gravity-eliminated position
Full range against gravity
Full range against resistance

No contraction
Just perceptible contraction
Slight bulge in posterior wall as pelvic floor moves
forward
Feel some lift
Feel firm lift
Strong squeezing in, with a strong lift

NUMERICAL

o
1

Adapted from Pauls J: Therapeutic Approaches to Women's Health: A Program ofExercise and Education. Gaithersburg, Md, Aspen Pub. 1995.

TABLE 22-3

MANAGEMENT OPTIONS: FUNCTIciNAL TRAINING PROGRAMS
TYPE OF INTERVENTION

DEFINITION

TARGET POPULATION

Scheduled toiletinglhabit training

Timed schedule voiding
Habit training scheduled to catch patient's
voiding habits
Care-giver dependent
Scheduled voiding that requires prompting
from care-giver
Care-giver dependent

Cognitively impaired
Functionally limited
Incomplete bladder emptying
Care-giver available
Functionally able to use toilet or toileting device
Able to feel urge sensation
Able to request toileting assistance
Care-giver available
Cognitively intact
Able to discern urge sensation
Able to understand or learn how to inhibit urge
Able to toilet independently or with assistance

Prompted voiding

Bladder training

Systematic ability to delay voiding through the
use of urge inhibition
Active rehabilitation and education

Adapted from Fantl JA, et al.: Managing Acute and Chronic Urinary Incontinence. Clinical Practice Guideline. Quick Reference Guide for Clinicians. No.2, 1996 update. Rockville. Md.
U.S. Department of Health and Human Services, Public Health Service, Agency for Health Care Policy and Research, AHCPR Pub. No. 96-0686, March 1996.
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comfortable supine position with the legs well-supported
and apart. The patient should be instructed to tighten or
draw up the muscles around the openings of the vagina,
urethra, and rectum as if he/she were trying to prevent the
flow of urine. The therapist then encourages the patient to
notice the muscle tension and hold the contraction as long
as possible (striving for a goal of a lO-second contraction).
The patient should then allow the muscle to relax or rest for
twice as long as it contracted, i.e., if contraction is held for 3
seconds, the patient should rest for at least 6 seconds.
The therapist should then have the patient repeat the cy
cle of contraction and relaxation and increase his/her aware
ness of the muscle action. At this point the patient should be
able to feel the pelvic muscles working. (Palpation or feed
back with a mirror done privately can enhance understand
ing of the pelvic muscle action, especially if the patient is un
able to feel any contraction.)
The baseline muscle performance should be measured by
recording how long a contraction can be held and how many
times it is repeated. After noting this baseline assessment of
performance, the patient should be encouraged to increase
the repetitions, duration, and frequency of the exercises. Ad
dition of quick contractions and contractions performed in
a variety of postures, such as sitting and standing, will en
hance the functional training aspect of a treatment regimen.
This exercise prescription is individualized to patient perfor
mance, but a plethora of predetermined regimens are of
fered in the literature.
Various recommendations range from a high of 300 to
400 repetitions per day '9 to as few as three to four maximal
contractions performed three times a week. 4 Other protocols
have been developed around other training schedules. One
protocol uses three to four sets of 8 to 12 repetitions of high
resistance, slow-controlled contractions to be performed
3 times a weekI 2 Another exercise prescription recommends
10-second contractions of the pelvic muscles followed by
10 seconds of relaxation 2 to 3 times a day for 20 minutes at
each bout of exercise. 29 Other clinical approaches use inten
sive pelvic floor muscle contractions by initiating sustained
contractions (6 to 8 seconds each) with another three or four
quick contractions followed by a sustained contraction. Each
sustained contraction is then followed by another set of
quick contractions. Other exercise regimens can be per
formed in a group exercise setting using several positions
with the legs abducted, in which 8 to 12 contractions are per
formed by the patient in each position followed by relax
ation. This exercise prescription is recommended for use as
a home program of 8 to 12 repetitions in a set performed
3 times per day.
Tries notes that patients with impaired mobility, neuro
genic bladder, and/or severe stress incontinence often lose
urine when moving from sitting to standing, such as during
a toilet transfer. 32 To counteract this tendency, she recom
mends reinforcing pelvic floor contraction during such a
change in position. This bracing action helps generalize the
skill of recruiting the pelvic floor muscle in the supine posi
tion to actual function.

Usually, women do not notice improvement in inconti
nence for the first 6 to 8 weeks of an exercise program. 28 This
may be too discouraging for some. Physical therapists should
take care to note that 30% of women are unable to contract
their pelvic floor muscles voluntarily.22 Bump and colleagues
warn that performing the exercise improperly can have an un
desired effect by increasing intra-abdominal pressure. 6 Many
women actually bear down by holding their breath and per
forming a Valsalva's maneuver or substitute for the appropri
ate muscle contractions by contracting muscles in the thighs
or buttocks. Consequently, mere verbal or written instruction
may be inadequate preparation to undertake a home pro
gram, which is sometimes known by some patients and health
professionals as a Kegel exercise program. PMEs are often called
Kegels, named for the obstetrician who performed the semi
nal research that postulated that pubococcygeus muscle activ
ity provides critical support for the bladder.

Weight Training
Resistive exercise for the pelvic muscles can be perfonned us
ing weighted vaginal cones. Cones are usually packaged in sets
of five that gradually increase in weight, ranging from
20 to 70 grams. A woman inserts the heaviest cone that can be
retained for at least 1 minute and then progresses to heavier
cones and increased duration and difficulty of retention dur
ing activity as her strength improves. One treatment regimen
recommends that the patient insert a cone twice a day and
walk around for 15 minutes. If the cone slips, the patient
should reinsert the cone. When the cone can be retained, the
cone with the next highest weight can be used, or the patient
can try to use the same cone with more challenging activities,
such as jumping. 29 Some research suggests a 70% success rate
in 30 women who were cured or whose conditions were sig
nificantly improved using cones. Kondo, however, reported a
much lower success rate of 13% for 45 women. 21 Excess lubri
cation, such as that which occurs at ovulation, may affect cone
retention. Other precautions indicate that cones should not be
used during a patient's menstrual cycle. Furthermore, women
with prior permanent neurological damage to the pelvic floor
are poor candidates for resistive exercise that uses cones.

Biofeedback
Visual and auditory feedback can be provided using a peri
neometer (Fig. 22-2) or electronic biofeedback (BF) modal
ities (Figs. 22-3 and 22-4). The perineometer transmits pres
sure changes relating to pelvic muscle contractile forces.
Electronic devices during examination can pick up a very
sensitive range of signal from the musculature using external
or internal electrodes. The success rate of visual and/or au
ditory feedback in muscle re-education resulting in dimin
ished episodes of urine leakage has been estimated as rang
ing from 54% to 90%.8
Benson has proposed that four cpnditions contribute the
successful use of this modality: an easily measurable and de
tectable response; an ability to detect change in that re
sponse; a cue to control need; and motivation of the patient
to be actively involved in the treatment. 3
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FIG. 22-2 One example of a perineometer, the Peritron preces
sion perineometer, along with the PFX Pelvic Floor eXerciser.
(Photo courte.», orth American Distributors, Inc.)

Tries concluded that not enough research has been un
dertaken to differentiate the effects of BF from exercise and
other therapeutic interventions. 32 BF does not always require
a therapist to have sophisticated eLectronic equipment . One
of the simplest forms of visual BF can be institu ted by hand
ing the woman a mirror so trhat she can observe the desired
lifting effect when the pelvic muscles contract appropriately.

IRM ENl OF THE PE LVI C
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The Orion PC office system from SRS Medical Sys
tems, Inc., Redmond, vVashington, shows a typical biofeedback dis
play during pelvic floor contractions. Note multiple biofeedback
modalities are possible with this unit, including monitoring temper
ature and respiration as well as multiple simultaneoLls muscle groups
with electrom)'ography. The "gold standard" PerryVaginal sensor is
also shown. (Photo courtesy SRS Medical Systems, Inc. )

FlG. 22- 3

Electricnl Stimulation
Electrical stimulation uses farad ic or interferential current
delivered via int rnal aJ d/or external electrodes to recruit
muscles fibers, beginni ng with large-diameter fibers and
eventually engaging the small-diameter fibers. Electrical
stimulation can be used to achieve the following anticipated
goals: enhance storage of urine by altering bladder sensation
via afferent fiber stimulation, stimulate detrusor muscle ac
tivity to contract the bladder via efferent stimulation, im
prove circulation to the muscles and capillary nerwork, and
promote muscle hypertrophy..3.5
Treatment protocols vary, and intensity is d termined ac
cording to patient tolerance. A stimulation frequency of
35 Hz provides muscle feedback and can elicit a cortical re
sponse. A frequency that is too high may unduly fatigue a
muscle. Pulse width is generally set at 200 to 400 microsec
onds. An adequate rest period, usual at least equal to or
longer than the stimulation phase, i~ mandatory.
Studies on the clinical effectiveness of electrical stimula
tion in treating incontinence have produced widely varying
results. Pelvic floor stimulation was investigated by Sand to
shore up the lack of research on this modality as standard
treatment. Significant improvement was noted on several di
mensions: leakage episode, urodynamic testing, and vaginal
muscle stren gth. Furthermore, SUI improved at least 50%,
and voiding diaries substantiated similar iml)[ovement.
Electrical stimulation is contraindicated during menstrua
tion or pregnancy and in patients with malignancy, metal
implants, or a pacemaker.

F IG . 22-4 The portable Myoexorciser IH from Verimed Interna
tional provides both auditory and graphical SEMc; biofeedback for
pelvic floor muscle re-education. (Photo courtesy Verimed Interna
tional, Inc.)
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Posture: Normal; kyphosis absent
Self-Care and Home Management
Urolog frequency/volume chart
Frequency: Day 10, night 2
Maximum volume voided: 200 ml
Minimum volume voided: 50 ml
Sensory Integrity: Perineal sensation intact.

Case Study
This case study describes the initial evaluation of a woman
with the diagnosis of urinary stress incontinence."
Examination
History
General Demographics: Ms. S is 67 years old. She is a re
tired teacher and YMCA volunteer and an occasional child
care provider for relatives.
History of Current Condition: She complains chiefly of
urine leakage with coughing, laughing, or sneezing; the leak
age has occurred for the last 5 years. Ms. S has previously
used pads to deal with problem. She was referred by her
urologist, Dr. PF, with a medical diagnosis of urinary stress
incontinence.
Medications: Her current medication use includes Pre
mann.
Other Tests and Measures: Genuine urinary stress in
continence has been confirmed by urodynamic testing.
Past Medical/Surgical History
Endocrine: Ms. S had surgically induced menopause and
is currently on estrogen replacement therapy.
Cardiopulmonary: She has a history of allergies.
Gastrointestinal: She notes frequent constipation.
Urogenital: A grade 1 uterine prolapse has been noted.
Pregnancy and Delivery: Gravida, 2-para, 2 at age 22
and age 25 with vaginal deliveries.
Gynecological Surgery: She underwent a hysterectomy at
age 37. There is no other surgical history.
Health Status: Incontinence survey revealed the fol
lowing:
Attitude: She scored 4 on a scale of 1 to 4, indicating a ma
jor problem.
Number of wet episodes: Ms. S reports eight wet episodes
per day (wets underwear and outer clothes, but urine does
not progress past clothes)
Number ofpads per day: 7
Number of drinks per day: 3

Evaluation and Diagnosis
Ms. S has substantial functional limitations due to stress UI.
Her major problem underlying functional limitation is im
paired pelvic muscle performance.
Prognosis
During the course of 4 to 6 months, she will demonstrate a
reduction in the episodes of urine leakage and increase in
pelvic muscle strength.
Expected Range ofNumber ofVisits Per Episode ofCare:
12 to 18 visits during this episode of care.
Factors That May Modify the Episode ofCare: Obstetri
cal history, motivation, increased pelvic muscle stress due to
sneezing related to allergies, and chronicity of constipation
may all influence the duration of the intervention; strong
family support is noted.
Intervention
Ms. S. will be started on a home program designed by her
physical therapist that consists of patient-related instruction
in therapeutic exercise and electrotherapeutic modalities.
Patient-Related Instruction
Anticipated Goals ofPatient-Related Instruction
• Ability to perform physical task without increased urine
leakage
• Improved awareness of incontinence resources
• Behaviors that foster healthy bladder habits
• Reduction in disability associated with chronic inconti
nence
• Increased patient knowledge of personal and environmen
tal factors associated with incontinence
• Improved physical function and health status
• Enhanced progress through patient participation
• Decreased risk of recurrence of the condition
• Reduced risk of secondary impairments
• Improved self-management of symptoms
• Decreased use and costs of health care services
Specific Interventions for Patient-Related Instruction
• Show video on bladder health from Family Life Media
• Instruct patient in pelvic muscle exercise using computer
assisted program
• Provide printout with customized written and pictorial
instruction
• Have patient begin program by performing 5 repetitions
of contractions with a 3-second hold,S times a day
• Use pelvic model to explain location of pelvic muscles and
relationship to bladder function

Tests and Measures
Anthropometric Characteristics: Her height is 5'4 feet;
and she weighs 144lbs
Muscle performance:
Stop test: Grade 1
Pelvic muscle grading: Muscle grade of 2, with hold time
of 3 seconds.
Number ofrepetitions ofsustained contractions: 3
Number ofrepetitions offast contractions: 4
Perineometer reading: 0 (Introitus too lax to contract
around diameter of perineometer.)
Pain: None

*Adapted from Pattern C; Impaired Muscle Performance. Guide to Physical
Therapist Practice. Phys Ther 1997; 77(11):1252-1257.
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Electrotherapeutic Modalities
Due to a muscle grade of less than 3, Ms. S will be started on
daily electrical muscle stimulation at 15 Hz for 15 minutes
and then progress as indicated on bi-weekly phone reports.
Anticipated Goals ofElectrotherapeutic Modalities
• Improved ability to perform physical tasks related to self-care
• Reduced complications
• Improved motor function and sense of well-being
• Increased muscle performance (strength, power, and en
durance)
• Decreased risk of secondary impairments
• Reduced stress
• Increased tolerance to positions and activities
Re-Examination
Ms. S will be re-examined in the clinic after 6 and 12 weeks
of home treatment, unless otherwise indicated through bi
weekly phone assessments. The patient is expected to
demonstrate increased muscle performance as a clinical in
dicator of remediation of the impairment.

Outcomes
The following are expected outcomes of care:
• Patient has measurable decrease in quantity of accidental
voidings
• Patient wears fewer pads
• Patient voids fewer times each day
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Criteria for Discharge
The patient has satisfactory reduction in urine leakage,
achieves normal pelvic muscle strength function, and has
surpassed goals.

SUMMARY
Incontinence has a severely negative impact on the lives of
many older Americans. Sufferers fall prey to rashes, ulcera
tion, infection, urosepsis, and falls leading to fracture. This
problem can also lead to depression and sometimes stifling
isolation from negative psychosocial effects. Fortunately, sig
nificant relief and, often, cure can be found through physical
therapy treatment.
In summary, the treatment option of PMEs is strongly rec
ommended for women with stress urinary incontinence
(SUI) .15 PMEs are recommended in men and women in con
junction with bladder training for urge incontinence. PMEs
may also benefit men who. develop UI after prostatectomy.
Pelvic muscle rehabilitation and bladder inhibition using
biofeedback therapy are strongly recommended for patients
with stress UI, urge UI, and mixed UI. Vaginal weight training
for SUI in premenopausal women is supported by scientific
evidence. Pelvic floor electrical stimulation has been shown to
decrease incontinence in women with SUI and may be useful
for urge and mixed incontinence. Table 22-4 offers a summary
of treatment options.

TABLE 22-4

MANAGEMENT OPTIONS: PELVIC MUSCLE REHABILITATION
TYPE OF INTERVENTION

DEFINITION

TARGET PoPULATION

Pelvic muscle exercises

Planned, active exercises of pelvic muscles to increase
periurethral muscle strength
Active rehabilitation and educational interventions
Active retention of increasing vaginal weights to
increase pelvic muscle strength
Active rehabilitation and educational interventions

Able to identify and contract pelvic muscles
Adherence to instructions

Vaginal weight training

Biofeedback

Use of electronic monitoring instruments to display
information about neuromuscular or bladder
activity, particularly with pelvic muscle exercises
Active rehabilitation and education interventions
Can be used in association with other programs

Electrical stimulation

Application of electrical current to sacral and
pudendal afferent fibers via intra-anal or
intravaginal electrodes to inhibit bladder instability
and improve contractility and efficiency of striated
sphincter and levator ani
Able to discern stimulation
Active rehabilitation and educational interventions
Can be used as adjunct therapy in identification of
pelvic muscles

Cognitively intact
Adherence to instructions
Able to stand
Sufficient pelvic floor strength to contract muscle
and retain lightest weight
Relative contraindication: pelvic organ prolapse
Able to understand analog or digital signals using
auditory or visual displays
Motivated to learn voluntary control through
biofeedback technique
Health care provider who can appropriately assess
the UI problem and provide behavioral
interventions
Relative contraindication: vaginal soreness,
constipation, hematoma with needle stimulation

Adapted from Fant! JA, et al: Managing Acute and Chronic Urinary Incontinence. Clinical Practice Guideline. Quick Reference Guide for Clinicians, No.2, 1996 update. Rockville, Md,
U.S. Department of Health and Human Services, Public Health Service, Agency for Health Care Policy and Research, AHCPR Pub. No. 96-0686, 1996.
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}\TIVE PAIN MAN
>THE OLDER PAT
JOHN O. BARR, PT, PHD

OUTLINE

INCIDENCE OF PAIN
It has been established that over 85% of older adults have at
least one chronic disease that may result in a range of dis
comforts, including pain. 26 Arthritis, which has a high rate of
occurrence across older age-groups, is likely the most com
mon cause of pain. 34•139 Other physical conditions that com
monly result in chronic pain for the elderly include cancer,
osteoporosis with compression fracture, degenerative disk
disease, diabetic neuropathy, post-herpetic and trigeminal
neuralgias, and residual neurological deficits. 66 •89,135,I64 Acute
postoperative pain is becoming a major concern as an in
creasing number of elderly individuals are undergoing
surgery.l64 Pain associated with athletic injuries will become
more common as a growing number of older persons pur
sue active recreational interests. '6
Instances of atypical presentation of clinical pain have
contributed to a controversy about the general occurrence of
pain in the elderly. Acute myocardial infarction often occurs
without significant pain in elderly persons. Appendicitis,
gangrene of the bowel, peptic ulcer disease, and pneumonia
may produce only mild discomfort. However, these condi
tions can contribute to observable behavioral changes, e.g.,
confusion, and nonspecific symptoms, e.g., fatigue. Al
though headaches are less common in the elderly, their pres
ence may be associated with serious medical problems such
as temporal arteritis or stroke. 26 Signs of inflammation, in
cluding redness, pain, elevated temperature, and swelling,
may be much less marked in older individuals. 42 Informa
tion from major medical centers in the United States has
suggested that only 7% to 10% of pain clinic patients are
older than 65,63 although this proportion was recently re
ported to approximate 20% at one Canadian center clinic. 56
It is important to recognize that data obtained through pain
clinics may be skewed by age limits, by large numbers of
younger patients, or by individuals with complex social and
psychological problems. 56,169

INTRODUCTION
Interest in the management of pain experienced by older in
dividuals has grown dramatically,'" as most recently demon
strated through the publication of clinical practice guide
lines for management of chronic pain in older persons by
the American Geriatrics Society (AGS).5 Although pain has
been recognized to be the most common symptom for
which health care is sought by the general population in the
United States,19,157 this observation may be even more ap
plicable to the elderly. The validity of this premise, however,
is based on a number of factors, including predisposing
physical and mental conditions and on the elderly individ
ual's willingness to report pain and to seek health care.
This chapter is concerned with conservative management of
pain experienced by the older patient. Noninvasive, nonsur
gical, and nonpharmacological approaches to patient care
are emphasized.

*References 20,24,45,47,48,56,69,89,162,174
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The actual occurrence of pain in the elderly has been
demonstrated using a number of approaches. Perhaps most
relevant are surveys and interviews of elderly persons at dif
ferent levels of functional independence. Nearly 70% of the
205 healthy elderly surveyed by Roy and Thomas reported
some type of pain problem. 139 However, no significant dif
ferences were seen in social and physical/recreational activi
ties when compared with respondents without pain. Lavsky
Shulan and associates interviewed 3097 elderly living in
rural settings and found 22% to have had low back pain in
the prior year, with 15% to 42% experiencing some type of
functionallimitation. 92 Most recently, a Louis Harris and As
sociates telephone survey of 500 individuals who regularly
took pain medications determined that 64% of respondents
older than 60 experienced chronic pain that prevented per
formance of routine tasks and hobbies. 34
In contrast, a survey by Roy and Thomas of 132 elderly
nursing home residents and day-program participants re
vealed 83% to have pain-related problems and 74% to claim
that pain interfered with daily activities. l38 Although 50% of
these individuals noted moderate to high levels of pain, anal
gesics were the only type of treatment reported. Surprisingly,
16% of respondents were not treated for their pain. Weekly
interviews were used by Brody and Kleban to document
physical and mental health symptoms for 120 elderly people
having at least one chronic condition and a range of cogni
tive capabilities, i.e., normal mental function, functional
mental disturbance, and senile dementia. 22 Pain was re
ported at least once by 73% of all participants, although it
was noted by significantly more subjects diagnosed with
functional mental disturbance than by those with normal
mental function (83% vs. 63%). Most frequently reported,
pain accounted for 38% of symptoms overall, and it was the
greatest cause of activity disturbances. Parmalee, however,
determined that compared with cognitively intact elders sig
nificantly fewer cognitively impaired elderly nursing home
and congregate apartment residents reported one or more
chronic pain complaints and had significantly fewer local
ized pain complaints and lower pain intensity ratings. 128
These findings were tentatively attributed to a reporting bias
whereby cognitive impairment was associated with a de
creased propensity to report pain. The potential effect of de
mentia on the pain experience has recently been reviewed by
Farrell and associates. 43
From these few studies, it can be appreciated that pain is
experienced with significant frequency by elderly persons.
A trend also begins to emerge that implies that older indi
viduals who have less functional independence are more in
capacitated by pain-related problems. These relationships
require clarification through further epidemiological re
search. Caution should be used in interpreting studies on the
prevalence of pain in relation to age. For example, it has
been suggested that the lower incidence of pain with age for
community-dwelling adults may be based on the increased
institutionalization of older individuals having chronic
pain. 56 Ferrell and Ferrell have noted that, overall, popula

tion-based studies suggest that the prevalence of pain in
creases with age, although reports of pain tend to decrease
slightly among the 01dest. 48 Additionally, Harkins has pro
vided evidence that acute nociceptive sensations from deep
body structures are reduced with age but that the frequency
of chronic pain from the same structures increases with age,
e.g., an acute myocardial infarction is less painful, but angina
of effort increasesY

EVALUATION OF CLINICAL PAIN
Concern for the proper evaluation of pain experienced by
older individuals has become more apparent in the profes
sionalliterature. 5,56,63,66,69,7o Indeed, AGS practice guidelines
recommend that at initial presentation to any health care
service, an older person should be assessed for evidence of
chronic pain. s It is critical that pain be accurately evaluated.
Evaluation represents a synthesis of information derived
from the patient's history, subjective interview, objective
physical examination, and special tests, e,g., blood chem
istry, roentgenograms, computerized tomographs, and elec
trodiagnostic studies. Other references should be consulted
for information concerning comprehensive patient eval
uation, including physical, psychological/psychiatric, and
special testing procedures related to pain. 157 The evalua
tion should clarify the underlying basis for the pain and
guide proper therapeutic interventions. Appropriate refer
rals should be made for specialized services, e.g., psychiatric,
addiction management, and multidisciplinary pain manage
ment. 5 The evaluation also provides baseline information
needed to determine the effectiveness of treatment. Ongoing
re-evaluation of pain is necessary to disclose a change in the
patient's physical status and to document response to treat
ment. The frequency of follow-up re-evaluation is related to
the severity of the clinical problem and to the potential for
adverse effects from treatment. 5
Pain has been defined as an unpleasant sensory and emo
tional experience associated with -actual or potential tissue
damage or described in terms of such damage. III More sim
ply, pain has been defined as a hurt that we feel. 149 Unfortu
nately, the assessment of pain is confounded by its private
and subjective character.29 The way in which an individual
reports pain is related to a number of factors including
age, gender, personality, ethnic/cultural heritage, behavioral
needs, and past pain experiences. 106,149 Elderly persons often
believe that pain is an inevitable consequence of aging that
must be endured without complaint. The presence of pain
may be denied out of fear of medical procedures and ex
penses, loss of autonomy, and possible institutionalization .
Conversely, pain complaints may be used to conceal or ra
tionali7.-e other functional impairments. Boredom and lone
liness may contribute to increased perception and com
plaints of pain. 69
The patient's history should include information about
concurrent medical problems and present medications, in
cluding prescription, over-the-counter, and natural/home
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remedies. Utilization of pain medications may be evaluated,
with the type, amount, route, and frequency being docu
mented. A standard "morphine equivalent" dose can be cal
culated, thus providing a basis for comparison among a
range of pain medications. 126 Elderly persons have been
found to consume nearly 25% of all prescription medica
tions used in the United States. ss Analgesic drugs are the
most common treatment for pain in older adults. 5One study
found that analgesics were the third most frequent prescrip
tion drug and the most frequent nonprescription drug used
by a community sample of nearly 3500 persons aged 65 and
01der.65 Interestingly, another study demonstrated that older
postsurgical patients had less analgesic medication both pre
scribed and administered. 41 Although these latter findings
may have been related to concern by physicians and nurses
for the physical status of older surgery patients with more
concurrent illnesses, adequacy of pain management must be
questioned. Dramatic pain relief may be attained by phar
macological means in the elderly, e.g., the use of high doses
of steroids for the treatment of temporal arteritis. However,
the hazards of medication use by the elderly are well-known.
These include multiple drug use, drug interactions, ad
verse drug reactions, medication errors, and the narrow
ing of the margin of safety between therapeutic and toxic
doses.88.89.117.163 Proper pharmacological management of
acute postoperativel 29 and chronics pain has recently been
described. One goal of conservative treatment for the elderly
is the appropriate reduction of medication usage.
Information concerning past remedies or treatments that
have been both successful and unsuccessful in managing
pain should also be included in the history. Through such
inquiry, it may be possible to learn about patient biases for
or against certain interventions and also to gain further
insight as to why a prior treatment was a success or a fail
ure. Previous inadequate patient education may have con
tributed to a lack of enthusiasm for, and compliance with, a
prior pain management program.
During the subjective interview, the patient should be
given the opportunity to voluntarily verbalize complaints of
pain and related symptoms, e.g., aching, burning, discom
fort, joint warmth, paresthesia, and stiffness. The examiner
should follow up with specific questions concerning the on
set, occurrence, intensity (current vs. greatest vs.least), qual
ity, distribution, and duration of pain. Pain at multiple sites,
such as arthritic joints, may require that specific assessment
tools be referenced to the worst or to multiple joints. Pain at
rest should be distinguished from pain with movement. 17 A
body diagram may be coded by the patient to document the
quality and distribution of pain. loti Factors that the patient
believes to aggravate and relieve the pain should be identi
fied, e.g., movements, postures, and rest.
The initial examination should include a comprehensive
physical examination that places particular emphasis on the
neuromuscular and musculoskeletal systems. 5 The objective
examination typically focuses on physical signs or character
istics thought to be associated with a given pain problem.
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Sternbach has observed that patients with acute pain often
present with increases in pulse rate, systolic blood pressure,
and respiratory rate. Dilation of the pupils, perspiration,
nausea, and pallor of the skin also may be present. 149 Others
have cautioned that such physiological correlates of pain are
general responses to stress that are not unique to pain and
that these responses habituate with time. 110 Behavioral indi
cators of pain such as facial expression, crying, and mood
changes may be especially useful for documenting pain in
patients with severely limited verbal abilities. Numerous
physical criteria have been evaluated in relation to clinical
pain problems, including duration of joint-loading time,I04
edema,127 gait,39 grip strength/w joint range of motion,127
joint tenderness,I7 muscle strength and endurance,144 pos
ture,175 pressure threshold and tolerance,52 pulmonary func
tions,137 skin temperature,130 tissue compliance,52 and tissue
healing. 51
Patients in pain typically have reduced activity levels, so it
is important to assess physical function, including activities
of daily living (ADL) and physical performance. s Portable
automated timer systems have been used to measure func
tional aspects of patient movement such as "uptime"l40 and
activity patterns,s. but these systems have not been validated
with older individuals experiencing pain. 59 It is important to
note that lack of sensitivity to, or limited correlation with,
pain has been noted for some physical criteriaP including
some criteria that are more functional in character. 2s,7s Some
measures of functional activity, e.g., the Barthel Index and
the Katz Index of ADL, do not include the range of activities
in which community-dwelling elderly individuals are typi
cally engaged. Gibson and colleagues have suggested that the
Human Activity Profile and the Sickness Impact Profile are
more useful for this sub-population since both also assess
social activities. s9 Weiner and associates determined that ob
servational analysis of relevant simulated ADL performance
was sensitive and valid in assessing pain behavior in older
persons with chronic low back pain. 165
In the attempt to more objectively document patients'
subjective pain experiences, a number of pain assessment
tools have been developed.108,IIO A select sample of these
tools that have particular relevance to the elderly will now
be discussed.
Perhaps the simplest unidimensional tool for the mea
surement of pain intensity is the Verbal Rating Scale l25 (also
called the Verbal Descriptor Scale68 ). With this approach, pa
tients are required to label their pain with a single word de
scriptor, e.g., no, mild, moderate, severe, or unbearable pain.
Such adjectival scales may be preferred by patients who find
them easy to understand, which may be associated with low
scoring failure rates. S7 The major limitation of this approach
is its lack of sensitivity in detecting changes based on a lim
ited number of word categories.?>
Using the Pain EstimateS2 (also called the Numeric Rat
ing Scale llO ), patients rate the severity of their pain on a scale
of 0 to 10, or 0 to 100. On this scale, 0 indicates no pain, and
end points of 10 or 100 represent the worst possible pain
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that the patient could ever imagine. 152 It is critically impor
tant that the patient understand the definitions related to
these end points. If, for example, the patient thought that a
rating of 100 corresponded to "the worst pain I've ever had;'
then pain that was even more severe the next day could not
be properly rated. Primary advantages of this approach are
that it is easy to understand and that patient ratings can be
done verbally. The 0 to 10 format has less sensitivity than its
o to 100 counterpart.
The Visual Analogue Pain Rating Scale consists of a
lO-cm line with typical verbal anchors of"no pain" at the left
and "pain as bad as it could be" at the right when the scale is
oriented horizontally (Fig. 23-1, A).14I Patients place a verti
cal mark at one location on the line that corresponds to
the severity of their pain. This scale also may be used in a
vertical orientation (Fig. 23-1, B). A new unmarked scale is
presented to the patient each time pain is to be rated, al
though there has been controversy about showing the pa
tient prior ratings. I? It has been suggested that the scale
should more appropriately be constructed to rate pain relief
by using anchors of "complete pain relief" and "no pain re
lief" (Fig. 23-1, C),73,74 Such an approach relies on memory
of the earlier pain and may introduce a bias toward expected
pain relief. 110 Visual analogue scales have also been con
structed to evaluate limitations in physical function that may
be related to pain. 75 Unfortunately, visual analogue scales
A

No pain

I

Pain as bad as
it could be

i

-1

Pain as bad as
it could be

B

No pain

it~:

C

Complete
pain relief

o

Nopain

No pain
relief

I
I

I

I,

I

I Pain as bad as
Mild Moderate Severe

it could be

FIG. 23-1 Simple pain rating scales. A, Visual Analogue Pain Rat
ing Scale (horizontal). B, Visual Analogue Pain Rating Scale (verti
cal). C, Visual Analogue Pain Relief Rating Scale. D, Graphic Rating
Scale.

rely on vision and motor control, which may be compro
mised in the elderly patient. Although some studies have
suggested that elderly individuals may have difficulty with
abstract thought processes needed to understand and use vi
sual analogue scales,27,77,87 other studies with elderly patients
have found these scales to be useful and reliable. 18,68 Vertical
presentation of the scale in the format of a "pain thermome
ter" may be more effective with some elderly patients. 69
The Graphic Rating Scale (Fig. 23-1, D) consists of a vi
sual analogue pain rating scale with additional word de
scriptors, e.g., mild, moderate, and severe. Placement of
these words without spacing along the line between anchors
helps to improve the distribution of patient responses when
using this type of scale. HI
The McGill Pain Questionnaire is probably the best known
of the multidimensional tools for measuring pain. 56,lo7 The
questionnaire includes a body diagram for information con
cerning the location of pain. Sensory, affective, and evalua
tive qualities of the pain experience are assessed via a pain
rating index based on word descriptors. Pain intensity is
measured with a five-category present pain intensity scale. A
short-form version of the questionnaire has been developed,
reducing the amount of time needed to administer this tool
to 2 to 5 minutes.109 The short form may be less fatiguing for
elderly patients who have problems with maintaining con
centration. Difficulty may still be encountered with complex
word descriptors. 69 This difficulty may be more related to
educational level, verbal intelligence, and cognitive impair
ment than to age. 56
For the general population, the visual analogue scale and
the McGill Pain Questionnaire are probably the most com
monly used self-rating pain measurement tools.1l0 A number
of studies have compared methods of rating pain,38,77,125,164
including some that have specifically examined elderly indi
viduals with pain. I 8,66,68,87 Helme and colleagues have sug
gested that appropriately screened patients older than 70
may actually be more reliable than younger individuals in re
porting pain, mood, and activity,using psychometric tools. 66
Herr and Mobily determined that older adults in the com
munity with leg pain preferred and found the verbal de
scriptor scale easier to use in comparison with the visual
analogue scale (in horizontal or vertical presentations), the
numeric rating scale, and a pain thermometer too1. 68 With
the exception of the McGill Pain Questionnaire, the pain rat
ing scales described in the preceding text have been criticized
for focusing primarily on the intensity of pain while exclud
ing other qualitative characteristics. Gagliese and Melzack
have advocated that comprehensive evaluation of pain
should include both unidimensional measures, e.g., VAS,
and multidimensional measures, e.g., McGill Pain Question
naire, because each samples an important part of the overall
pain experience.56 There has been controversy concerning
appropriate mathematical and statistical analyses to be used
with these scales. 29,llo,164,166 Most recently, Herr and col
leagues have provided preliminary support for the use of the
Faces Pain Scale with cognitively intact elderly individuals.7°
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This scale consists of seven cartoon facial depictions arranged
in order from least to most distressed.
Herr and Mobily have reviewed the complexities of clini
cal pain assessment with elderly persons and offered numer
ous practical suggestions. 69 A person's health status, severity
of pain, and ability to cooperate will dictate the number and
detail of evaluation sessions needed to adequately assess pain.
It is critically important to establish good rapport and to
avoid being rushed during examination sessions. Suspected
impairments in vision, hearing, speech, and mental processes
should be evaluated. Nursing home residents may have less
formal education than elderly in the community. Pain mea
surement tools should be selected or modified to account for
these factors, which might limit the validity and reliability of
testing procedures. The clinician must be assured that the pa
tient understands and can successfully use a pain measure
ment tool, with supervision if necessary, especially if the tool
is to be used in the home settingY A pain log or diary should
be used by patients and care-givers to regularly document
pain intensity, medications, response to treatment, and asso
ciated activities. 5 Family members, friends, and other health
care workers can provide useful information about changes
in behavior or functioning. 69 Observational assessment of
pain, with inferences drawn from facial expression, body lan
guage, and other nonverbal behaviors, can be used to identify
pain affecting severely demented older persons. 128 No one
pain measurement tool will meet the needs of all elderly in
dividuals. The patient's physical and cognitive abilities 55,69
and tool preferences68 must be kept in mind during the selec
tion of pain measurement tools. Certain diagnoses associated
with aging, e.g., dementias, including Alzheimer's disease,
will require the development, validation, and reliability test
ing of new measurement tools.
In rendering an evaluation of pain, the health care profes
sional usually labels or further classifies pain experienced by
the patient. Pain of less than 3 months' duration have been
termed acute, whereas pain persisting for 3 or more months is
referred to as chronic. 111 Acute pain occurs as a result of me
chanical trauma, ischemia, or active inflammation. It is often
associated with increased autonomic nervous system activity
and anxiety. Chronic pain is not merely a time extension of
acute pain. Indeed, chronic pain may lack a demonstrable
physical basis. It is often associated with nonfunctional pain
behaviors, e.g., attention-getting pain displays such as gri
maces, guarded motion, or knee buckling, and depression in
the general population. 147,151,163 The interdependence of
chronic pain and depression has generally been noted to be
even greater in the elderly.163 Because of the higher occurrence
of pain, chronic stress and depression has been thought to be
more likely in the elderly.63 However, Middaugh and associ
ates did not find depression to be more prevalent in older as
compared with younger patients with chronic pain. 1I3 Most
recently, Wright and colleagues determined that in persons
with rheumatoid arthritis, younger individuals were more
likely to report depressive symptoms and to have higher lev
els of daily stress and higher levels of pain. 173
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Additional varieties of pain differ based on a number of
characteristics including time frame, severity, quality, distri
bution, and likely basis. Acute recurrent pain is experienced
when there is recurrent nociceptive stimulation associated
with chronic pathology, as in rheumatoid arthritis and os
teoarthritis. Acute ongoing pain occurs with continued no
ciceptive stimulation from uncontrolled malignancy.163 Sub
acute pain is often noted at 72 or more hours after trauma
or inflammation. It may persist for 2 to 3 weeks. 98 It has
been suggested that elderly patients have the tendency
for pain to be referred from a site of origin to other re
gions of the body.26 As discussion of other types of pain,
e.g., radiating, myofascial, thalamic, and phantom, is beyond
the scope of this chapter, the reader should consult other
sourceS.105,106,11l,158,162

THEORETICAL BASIS FOR PAIN
It has been widely proposed that pain is not simply a direct
consequence of the normal aging process. 59,63,90,168 This posi
tion has been supported by ambiguous results from psy
chophysical studies that have induced pain by various means,
e.g., heat, electrical shocks, and mechanical pressure, while
assessing behavioral responses, e.g., pain threshold, reaction,
or tolerance, in human volunteers of different ages. On the
balance, earlier studies of pain did not indicate age-specific
changes in pain sensation. 64 More recent studies, however,
have begun to lend support to age-related changes con
tributing to pain in the elderly.35,63
Mechanisms for modulating pain portrayed in Fig. 23-2
are thought to be operational within the dorsal horn of
the spinal cord. 57,91,161,163,176 Nociceptors attached to small
diameter afferents are activated by intense mechanical or
thermal stimuli and by various chemical sensitizing or de
polarizing agents liberated with trauma or inflammation,
e.g., bradykinin, prostaglandin, histamine, substance P, lactic
acid, and potassium ions. Some of these agents may become
concentrated in the vicinity of nociceptors due to circulatory
impairment or to muscle spasm. Nociceptive excitation of
small-diameter afferents (myelinated A delta and unmyeli
nated C fibers) results in the release of neurotransmitters
that stimulate second-order neurons, ultimately resulting in
the perception of pain at higher brain centers. Sensory input
from large-diameter afferents (myelinated A beta fibers) as
sociated with mechanoreceptors has an inhibitory effect on
input from the smaller afferents conveying nociceptive in
put. Inhibitory descending control from higher centers and
the brainstem also can act to minimize the effects of noci
ceptive input. This descending inhibition is mediated by
neurotransmitters such as norepinephrine (NE; noradrena
line) and serotonin (5-HT).
Anatomical studies have demonstrated that nociceptors,
i.e., free nerve endings, in the skin undergo little structural
change with age. 28 Age-related decreases in responsiveness of
nociceptors and small unmyelinated fibers to noxious chem
ical stimulation have been described. 59 Based on slowed re
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FIG. 23-2 Diagram of a primary afferent nociceptor (e.g., C
fiber) terminal in the spinal cord dorsal horn (see boxed area, up
per left), illustrating the storage and release of neurotransmitters
from the nociceptor terminal in the spinal cord and presynaptic
and postsynaptic receptors. Nociceptor neurotransmitters sub
stance P (SP), calcitonin gene-related peptide (CGRP), and gluta
mate (glu) are stored in vesicles and released when the nociceptor
is depolarized by a peripheral noxious stimulus. Note that these
peptide and non-peptide neurotransmitters are typically co
contained in and co-released from presynaptic vesicles. The postsy
naptic receptors at which SP, CGRP, and glutamate act are identi
fied as filled and labeled boxes. The glutamate receptor is named the
N-methyl-D-aspartate (NMDA) receptor and is an ion channel
that permits entry of calcium into the postsynaptic spinal cord
neuron. Calcium activates a variety of secondary mediators that
can ultimately result in the perception of pain, a supraspinal event.
The activity of nociceptors and of spinal cord neurons can be in
hibited by a variety of means, including actions of descending no
radrenergic (NE) and serotonergic (5-HT) systems acting presy
naptically and/or postsynaptically at 0'2 adrenoceptor and 5-HT
receptors, respectively. Also illustrated are opioid receptors at which
endogenous opioids such as enkephalin (ENK) released from small
interneurons or exogenously administered opioids such as mor
phine can act to inhibit the nociceptive signal. (Courtesy GF Geb
hart, Department of Pharmacology, College of Medicine, Univer
sity of Iowa.)

sponse times to noxious thermal stimulation, an age-related
decrease in conduction of small myelinated fibers consistent
with selective peripheral neuropathy has been suggested. 63
Aging is indeed associated with increased incidence of cer
tain chronic neuropathic pain problems, e.g., post-herpetic
neuralgia and trigeminal neuralgia. Based on changes seen in
animal preparations, Devor speculated that these conditions
could be based on age-related loss of dorsal root ganglion
cells, increased ectopic impulse discharge, and increased
cross-excitation of adjacent dorsal root neurons.35 Addi
tional research is needed concerning possible changes in A
delta and C afferent fibers associated with nociceptors.
Studies have shown age-related decreases in sensation
of touch and vibration 160 that would otherwise oppose
nociception. Age-associated decreases in the number of
mechanoreceptors such as Merkel's disks, Meissner's corpus
cles, and pacinian corpuscles have been demonstrated.
Structural changes have also been noted in these receptors
and in their related large-diameter afferents. 28,16{) However,
the confounding role of inactivity has not been ruled out as
a basis for these changes. 28
Oxidative deactivation of amines involved in descending
inhibitory control is done by the enzyme monoamine oxi
dase (MAO). Interestingly, human hindbrain, plasma, and
platelet MAO activity is increased after about age 60.136
The resultant age-related increase in the deactivation of key
neurotransmitters might increase pain perception and affec
tive disorders such as depression or mania. 64 ,136 Endogenous
opiate-like transmitters playa role in initiating one type of
descending inhibition (via endorphins) and in local inhibi
tion at the spinal cord level (via enkephalins). Decreases in
concentrations of endorphins and enkephalins and a r,educ
tion of endogenous opiate receptors have been noted in old
age. 42 ,163 Keefe and associates have recently noted that older
adults who have impaired cognitive functions may lose the
benefits of descending pain modulation systems. 8l
Thus, there are a number of anatomical and physiological
changes associated with aging that on the balance may actu
ally predispose elderly individuals to both a greater inci
dence of clinical pain and to less effective pain relief with
various conservative treatment interventions.

STRATEGIES FOR PAIN CONTROL
Pain management may be either the short- or long-term goal
of a comprehensive treatment plan. Whenever possible, con
ditions underlying a clinical pain problem should be the fo
cus of treatment. Those who care for elderly patients with
pain have come to appreciate the importance of a compre
hensive multidisciplinary approach to evaluation and treat
ment.* A multidisciplinary approach is specifically indicated
in cases in which the underlying cause of pain is not remedi
ated or only partially treatable. 5 Such an approach may inte
grate the involvement of numerous health care professions
including medicine, nursing, occupational therapy, orthotics
'References 47,56,58,59,67,72,89,113,121,132,148
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and prosthetics, physical therapy, psychology, recreational
therapy, social work, and others. Gibson and colleagues have
summarized and critiqued studies involving the multidisci
plinary management of chronic nonmalignant pain in older
adults. 58 A frequently cited study by Middaugh and associates
determined that patients 55 and older benefited as much, if
not more than, younger patients participating in a multidis
ciplinary chronic pain rehabilitation program. 1l3 A multidis
ciplinary approach is also valuable in identifying and initiat
ing management of comorbidity that occurs with older
individuals who experience chronic pain, e.g., patients with
cardiovascular, gastrointestinal, and psychiatric problems. 67
It has been noted that the selection of pain management
strategies by health care professionals varies with the age of
the patient.24 Burke and Jerret surveyed student nurses for
their perceptions of the best interventions for acute pain. 24
Breathing and relaxation, imagery, and distraction techniques
were selected less frequently for elderly persons as compared
with younger adults. However, touch or massage, physical
comfort approaches, verbal reassurance, and medication were
more commonly selected for the elderly than for younger
adults. Although these results were not analyzed statistically,
different patterns of strategy selection were associated with
patient age. Barta Kvitek and colleagues determined that phys
ical therapists who were given hypothetical patients were sig
nificantly less aggressive in goal setting for older patients. 14
A wide array of conservative treatment approaches for
pain control have been developed over the years. By way of
an overview, Box 23-1 (p. 358) summarizes select conserva
tive interventions used in pain management for the general
population. Traditionally, these interventions have been
used singly or in various combinations in the attempt to
more completely treat factors underlying a clinical pain
problem. The value of combined use of conservative inter
ventions for the management of chronic pain in the elderly
is gaining recognition. 3,5 Primary theoretical mechanisms of
action are suggested relative to the mechanisms for modu
lating pain depicted in Fig. 23-2. The reader is encouraged to
consult other sources for detailed descriptions of specific
treatment procedures. 4,5,85,105,112,122, 147, 155,162

ensure safety of the elderly patient when using specific con
servative treatment interventions, as is discussed in the fol
lowing paragraphs.

Establishing Treatment Effectiveness
Recent clinical guidelines have suggested that many non
pharmacological interventions provide only short-term pain
relief, with few studies showing greater benefit than placebo
controls in randomized trials for long-term management
of chronic pain. 5 As discussed previously, age-associated
changes may render the elderly person less responsive to
treatment. It is important to appreciate that a patient's re
sponse to treatment will be based on a number of factors,
including the natural history of the underlying clinical
problem, a placebo effect, and a specific treatment effect.
Fig. 23-3 illustrates these factors and emphasizes that in or
der for a treatment to be deemed "effective" its impact must
be greater than that attributable to natural history and the
placebo effect.49 The periodic worsening and improvement

Temporal profile of pain severity
Natural history

Time
c

'8.

"Improvement" after
ineffective therapy
B

General Safety Precautions and Contraindications
Even conservative treatment of elderly patients requires fol
lowing a number of general safety precautions and being
alert for contraindications to treatment. In general, the pa
tient should have adequate sensation of temperature and
pain in the area being treated in order to provide feedback to
the clinician. A body region must also be sentient if periph
eral sensory input is critical to a particular mechanism for
pain relief. For example, sensation of light touch should
be present where electrodes are applied for conventional
low-intensity transcutaneous electrical nerve stimulation
(TENS). Potential for increased bleeding, hemorrhage, dis
ruption of fragile tissues, fracture, spread of infection, car
diovascular or neurological compromise, and enhanced
growth or metastasis of cancer represent general contraindi
cations for treatment. Special considerations are necessary to

A

c

FIG. 23-3 Determination of treatment effectiveness. A, The nat
ural history for the severity of pain associated with a clinical prob
lem. B, "Improvement" after an effective therapy is begun at the
time indicated by the arrow. If it is not appreciated that a remission
is expected to occur, the remission will be attributed to the therapy.
C, The natural history of pain severity (a) is compared with results
from placebo therapy (b) and somatically active therapy (c). The
analgesia attributable to active therapy (i.e., treatment effective
ness) is represented by the difference between band c. The placebo
component of the therapy is the difference between a and b.
(Adapted from Fields HL, Levine JD: Placebo analgesia-A role for
endorphins?, in Trends in Neuroscience, 1984; 7:271-273.
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1. Decrease activity of nociceptors or their afferent nerve fibers.
A. Limit mechanical stresses through:
1. Prevention of acute edema formation with ice, compression, elevation, or electrical stimulation
2. Assistive gait device (e.g., cane, walker, and orthotics)
3. Rest from stressful function
4. Limitation of the effects of gravity via hydrotherapy
5. Immobilization (e.g., orthotics, traction)
6. Resorption of chronic edema via mild heat, massage, elevation and compression, or electrical stimulation
7. Elongation of restrictive connective tissue using vigorous heat (as with diathermy or ultrasound) and prolonged stretch
8. Restoration of normal joint arthrokinematics through joint mobilization, stretching or strengthening exercise, or biofeedback
9. Application of ergonomic principles
B. Limit effects of chemical depolarizing and sensitizing agents through:
1. Enhanced local circulation produced with mild to moderate heat, massage, exercise, or electrical stimulation
2. Decreased local metabolic activity with cryotherapy (e.g., cold pack or ice massage)
3. Decreased muscle spasm via select physical agents, massage, exercise, or biofeedback
C. Create local anesthetic or anti-inflammatory effects through:
1. Iontophoresis (e.g., with Lidocaine or Dexamethasone)
2. Phonophoresis (e.g., with hydrocortisone)
3. Cryotherapy (e.g., cold pack or ice massage)
4. TENS
5. Low-intensity laser
II. Increase activity of mechanoreceptors or their afferent nerve fibers.
A. Stimulate mechanoreceptors through:
1. Passive and active joint range-of-motion exercise
2. loint mobilization
3. Comfortable massage strokes (i.e., mild to moderate intensity)
4. Voluntary (e.g., walking, swimming, bicycling) and electrically stimulated exercise
B. Directly stimulate large-diameter afferents from mechanoreceptors through:
1. Comfortable low- to moderate-intensity TENS (e.g., "conventional;' "pulse-burst;' or "modulated" TENS modes)
2. Comfortable submaximal intensity NMES
III. Increase descending control via cortical or reticular formation inhibition.
A. Reduce patient anxiety through:
1. Progressive relaxation exercises
2. Inducing relaxation with biofeedback (e.g., EMG or thermal modes)
3. Patient education concerning basis for pain and the plan for its successful treatment
B. Maximize a placebo effect.
C. Increase physiological and psychological stress through use of uncomfortable "counterirritants" such as:
1. Intense massage (e.g., strong friction, acupressure, connective tissue massage)
2. Acupuncture or e1ectroacupuncture
3. Uncomfortable but maximally tolerated NMES
4. Uncomfortable but maximally tolerated TENS (e.g., "strong low rate;' "brief intense," "pulse-burst," or "hyperstimulation" modes)
5. Uncomfortable brief ice massage
TENS = trans<:utaneous electrical nerve stimulation; NMES = neuromuscular electrical stimulation; EMG = electromyography.

of symptoms that reflect the natural history of some disease
processes, such as rheumatoid arthritis, often present a con
fusing picture to the clinician attempting to assess the im
pact of a therapeutic intervention. Did the patient's status
improve because of effective treatment or in spite of ineffec
tive treatment?
It has been determined that 30% to 70% of patients will
obtain satisfactory pain relief from a placebo treatment. 15•37,49
Classically, placebo effects have been assessed in experimen
tal research by randomly assigning patients to either active
drug or sham drug, i.e., sugar pill placebo, groups under
double-blind conditions. This methodology requires that
neither the patient nor the clinician knows which treatment

has been given. In some investigations it is impossible to dis
guise treatments so that the patient or clinician is unaware of
which treatment is active or placebo. For this reason, non
crossover designs, in which a subject receives only one ex
perimental treatment intervention, have been favored. 91 In
any event, the person performing patient assessments should
not be aware of the treatment given. 62
A placebo can be effective for anyone under the right con
ditions. It has been suggested, however, that older persons
respond more frequently to placebos. 26 The placebo effect is
not simply based on a reduction in a person's anxiety. Larger
placebo effects have been associated with patients having
high anxiety, severe pain, or expectation of a good treatment
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outcome. The attitude of the health professional, communi
cated by personal enthusiasm or skepticism about a treat
ment, can also influence the magnitude of a placebo re
sponse. 1S,49 It is important to recognize that investigators
may inadvertently provide a suggestion of treatment effec
tiveness for a control or placebo treatment that is psycholog
ically stronger than that given with an active treatment in
tervention. Such an influence might have occurred in the
study by Deyo and colleagues that reported TENS to be in
effective for chronic pain in the general population.36 The
use of neutral or permissive instructions to all research sub
jects regardless of group assignment should help to mini
mize this problem.s In clinical practice, however, the health
professional may choose to take advantage of the placebo
effect as a means of maximizing pain relief. Controversy ex
ists as to the effective duration of a given placebo effect. 37
Sternbach has suggested that placebos do not work for
longer than 1 to 2 weeks. l50 The physiological basis for the
placebo effect involves both endorphin and nonendorphin
mechanisms. 90
Unless involved in research to establish the true effective
ness of a treatment intervention, practitioners will not give
placebo treatments to their patients. Under clinical condi
tions, however, it is certainly desirable to establish the effi
cacy of a treatment in decreasing pain, improving limited
function, and saving health care dollars. Valid and reliable
testing procedures, including those discussed for the assess
ment of clinical pain, must be used at regular intervals dur
ing the course of patient treatment and follow-up examina
tions in order to establish the efficacy of an intervention.

Review of Select Treatment Interventions
Review articles concerned with pain manage~ent for elderly
individuals have most commonly recommended the conser
vative treatment interventions of assistive devices and or
thotics; exercise; thermal agents, i.e., heat or cold; and
TENS." More recently, the true importance of psychoeduca
tional interventions has been recognized.3.41.s1 In the follow
ing review of select treatment interventions for pain man
agement, it is valuable for the reader to consult Box 23-1
regarding theoretical mechanisms of action. Well-controlled
studies done with individuals aged 55 years and older are
highlighted. It is important to recognize, however, that many
studies have used small experimental group samples. This
has greatly contributed to the inability to statistically discern
a difference between experimental treatment groups.I33,167
Assistive Devices and Orthotics
Assistive devices and orthotics are used to control pain by
limiting mechanical stresses to nociceptors in affected struc
tures. Ambulatory aids such as canes and walkers are proba
bly the most common assistive devices used by the elderly
with pain. Foot, knee, and leg pain were the most frequent

'References 5,45,47,59,89,119,124,131-133,163,172
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complaints reported by 457 individuals older than 50 sur
veyed by Finsen.5o A two-point cane gait (cane in hand op
posite to involved hip) can reduce pain-inducing hip contact
force by 36%.21 Care must be taken, however, not to im
properly overload the joints of the upper extremity when us
ing these devices. Pressure on hip and knee joints during
push-off may also be controlled through the use of raised
seats on toilets and chairs. Appropriate shoe orthoses, in
cluding inserts and heel lifts, can be used to minimize pain
of the foot, knee, hip, and back.72.101,124
Varying degrees of immobilization can be attained for
neck and back pain with spinal orthoses. The limited tem
porary immobilization from a soft cervical collar may be ap
propriate for a patient with mild cervical spondylosis, whereas
a patient with rheumatoid arthritis and atlantoaxial sublux
ation would benefit from a more rigid Philadelphia collar 1l9
or a sternal-occipitomandibular immobilizer (SOMI).1I2
A thoracic lumbosacral orthosis (TLSO) may be used to
manage compression fractures associated with spinal osteo
porosis.142 In older women, kyphosis is related to spinal
osteoporosis, and it commonly causes chronic upper and
middle back pain. 40 Spinal flexion can be controlled with
a Jewett hyperextension' orthosis or a cruciform anterior •
spinal hyperextension (CASH) orthosis.124 Finsen has sug
gested that serious morbidity from back pain associated
with osteoporotic fractures does not begin to occur until
80 years of age. so Pain from spinal stenosis can be addressed
with orthoses that limit extension, such as the Williams flex
ion orthosis.'24
Exercise
Exercise involves the performance of physical exertion for
improvement of health. Various forms of exercise may be
used to modulate pain either directly or indirectly, as de
picted in Box 23-1. A direct effect on pain may be achieved
in some cases by increasing comfortable mechanoreceptor
input to the central nervous system via active or passive ex
ercise. Indirect effects of exercise on pain may be related to
increased blood flow, which disperses chemical depolarizingl
sensitizing agents; decreased edema; inhibition or fatigue
of muscle spasm; enhanced range of motion, flexibility,
strength, or endurance, which may improve biomechanical
factors; and relaxation and reduction in anxiety. The impor
tance of combining exercise with other therapeutic interven
tions, e.g., thermal agents and patient education, to attain
significant clinical outcomes, including pain relief, is well
recognized. 3,61,85,93
Although it has been known for some time that elderly
persons are capable of significant strength gains from volun
tary resistive exercise, 118 published literature dealing with the
effectiveness of exercise in controlling pain experienced by
elderly persons is surprisingly sparse. Unfortunately, even
fairly recent studies have been poorly controlled, have not
been appropriately blinded, and have used small numbers of
subjects that have limited the power of statistical analy
ses. S3 ,133 The following studies are examples of some of the
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better research that supports the use of exercise in pain man
agement for older adults.
Minor and associates assessed the relative efficacy of
three exercise protocols for patients with chronic rheuma
toid arthritis or osteoarthritis.ll 6 The mean age of the 120
subjects who entered the study was 59 years. After baseline
testing, subjects were stratified by diagnosis and randomly
assigned to one of three groups: aerobic walking, aerobic
aquatics, and nonaerobic active range of motion (ROM) and
relaxation exercise controL Additionally, subjects in all
groups participated in exercises for flexibility and isometric
strengthening. All exercise groups were supervised and met
for 1 hour, 3 times per week, for 12 weeks. At the conclusion
of the 12-week period, all subjects were consistentlyencour
aged to continue exercise, including participation in com
munity programs (aquatics, walking, and fitness). It was not
noted whether the assessors were blinded to subjects' group
assignments. At the end of the 12-week period, the aerobics
groups showed significant improvements over the nonaero
bic group relative to aerobic capacity, 50-feet walking time,
physical activity, anxiety, and depression. No significant be
tween-group (aerobics vs. nonaerobic) difference was seen
for pain. However, both the walking and nonaerobic groups
demonstrated significant within-group improvements in
pain. Three months later only aerobic capacity significantly
differed between the groups. The nonaerobic group no
longer had a significant improvement in pain. At the 9
month follow-up, no significant between-group differences
were seen. Numerous significant within-group differences
existed, including decreases in pain for the aquatic and non
aerobic groups. Significant changes in the intensity of med
ication regimens could not be disclosed at 12 weeks or 9
months. This study demonstrates that supervised exercise
can successfully motivate elderly individuals to improve fit
ness and control pain without significantly exacerbating
arthritic symptoms.
Kovar and colleagues completed a study of supervised fit
ness walking with 92 patients (mean age of 69 years) having
osteoarthritis of the knee. 56 After initial assessment, out
patients participated in an 8-week program based on ran
domized assignment to one of two groups: a fitness-walking
and patient education group or a control group receiving
standard medical care. Walking/education sessions were
conducted by a physical therapist 3 times per week for
90 minutes. Supervised indoor fitness walking using sup
portive athletic or walking shoes on a tile floor was done for
up to 30 minutes. Patient education consisted of guest
speakers and group discussions; instruction in proper walk
ing techniques; light stretching and strengthening exercises;
and supportive encouragement. In addition, self-efficacy
and behavioral psychology concepts were used to ensure ad
herence with the walking regimen. Patients in the control
group were only contacted each week by telephone to discuss
their activities of daily living. All patients were assessed be
fore and after the intervention period using a 6-minute test
of walking and select subscales of the Arthritis Impact Mea
surement Scale (AIMS). The assessor was not blinded to

subject group assignment. Results of the study indicated that
patients in the walking/education group had significant im
provements in comparison with control subjects regarding
increased walking distance, i.e., an average improvement of
70 meters vs. a 17 meter decrease; a 39% increase in physical
activity; and a 27% decrease in pain. Although medication
was used less frequently in the walking/education group,
there was no significant difference from the control group.
This study indicates that an intervention program consisting
of supervised fitness walking and patient education can have
significant impact on the management of osteoarthritis.
Singh and colleagues evaluated the responsiveness of
32 depressed community-dwelling older persons (mean age
of 71 years) to a randomized controlled trial of progressive
resistance exercise training. 143 After baseline assessment,
subjects were assigned by randomization to either the train
ing group or the control group for 10 weeks. All outcome
measures, except that for strength, were conducted by a
blinded assessor. Progressive resistance training, done 3
days per week, consisted of chest presses/pull-downs, leg
presses, and knee extension/flexion. Resistive load was set at
80% of the one-repetition maximum load (initially and at
the fourth week) and was increased at each session as toler
ated. Training sessions consisted of three sets of eight repe
titions for each exercise (lasting approximately 45 minutes
total; followed by 5 minutes of stretching). The control
group met 2 days per week for a I-hour program of inter
active health education, i.e., lectures, videos, and discussion,
on topics including nutrition, heart disease, first aid, falls,
home safety, incontinence, medical ethics, and eye/ear dis
ease. In comparison with subjects in the control group, sub~
jects in the training group had significant improvements in
strength, i.e., 33% increase vs. 2% decrease; all measures of
depression; bodily pain; vitality; and social functioning.
There were no significant changes in measures of self
efficacy or activities of daily living. This study demonstrates
that exercise training can be a significant factor in manag
ing patients with major or minorc depression or dysthymia,
including pain.
Appropriate precautions should be followed when using
exercise with elderly individuals. Severe osteoporosis may
even pose limitations for ROM exercises. Older hyperten
sive individuals who perform a Valsalva's maneuver during
strenuous resistive exercise risk a dangerous elevation in
blood pressure. Exercise-induced muscle damage and sore
ness occur especially after vigorous eccentric exercise in
both young and old subjects. Although rates of tissue repair
are similar for healthy active subjects, older subjects show
significantly greater muscle shortening.32 This may predis
pose the older individual to a greater risk of further injury
from exercise.
Thermal Agents
Traditionally, a wide range of thermal agents have been used
to treat painful conditions affecting the elderly. Thermal ef
fects leading to the modulation of pain may be directly
and/or reflexly mediated. It would thus seem important to
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know the effective depth of penetration into the body of the
common thermal agents. Table 23-1 summarizes this infor
mation, as has been described by others.60.84.85.93,98,II2,17o A
number of sources can be consulted for specific descriptions
of thermal agent treatment procedures.6O·84.85.93,112
During the past 40 years a large number of studies have
been concerned with establishing the efficacy and effective
ness of thermal agents in controlling pain and related clini
cal problems. Unfortunately, only a small number of pub
lished reports have specifically included elderly individuals
as subjects. Representative studies that have included indi
viduals aged 55 and older are summarized in Table 23-2.
Overall, treatment efficacy was demonstrated for the thermal
agents used. However, significant treatment effectiveness-
albeit short term-was only shown in the study by Clarke. 31
As can be seen from Table 23-2, opposing thermal agents,
Le., cold vs. heat, have been shown to have equivalent effi
cacy with some clinical pain problems. 61 ,167 This may be re
lated to separate but equally potent mechanisms of pain re
lief, which when combined with exercise act to further
control pain and enhance function. Proposed theoretical
mechanisms of action may not be supported, however. For
example, Klemp and colleagues determined that ultrasound
treatment of chronic fibromyotic upper trapezius muscles
resulted in a significant decrease in muscle blood flow dur
ing treatment. S3
Kauffman has reviewed physiological factors that need to
be considered when therapeutic heat and cold are used with
the elderly.79 The following factors contribute to increased
risk of thermal injury for the elderly: decreased reactivity of
the hypothalamic thermoregulatory system; decreased auto
nomic and vasomotor responses; impairments of the circu
latory system; loss of sweat glands; atrophy of skin, with
reduction in circulation; lessened sensation of thirst; and de
creased perception of thermal gradients. Common medica
tions can further impair thermoregulatory control. Vasodila
tion in the skin may be hampered by diuretics, which limit
volume expansion. Sweating in the skin may be inhibited by
anticholinergic drugs. Various dermatological conditions
and spinal cord lesions may impair sweating as a mechanism
of heat loss. Skin vasodilation associated with heating of a
large body surface area may place hazardous demands on
cardiac output. 79 Conversely, cold may produce a temporary
increase in systolic and diastolic blood pressure, which poses
a risk for hypertensive patients. It has been recommended
that blood pressure be monitored and that treatment with
cold be discontinued if blood pressure becomes elevated. 1I2
Increased mechanical stiffness of joints, aversion to cold, and
cold intolerance may limit applications of cold with some
older patients. 93.112 Long-term use of steroids can produce
fragile capillaries, which are easily damaged by thermal or
mechanical agents. ll2
Precautions exist for the use of electromagnetic energy
generated by a number of therapeutic heating modalities, e.g.,
microwave and shortwave diathermy.33.78,lI2 Of major concern
for the elderly is the potential for interference with the func
tioning of cardiac pacemakers and other electromedical de-

TABLE 23-1

DEPTH OF EFFECTIVE PENETRATION
INTO THE BODY BY COMMON
THERAPEUTIC THERMAL AGENTS
THERMAL AGENT

DEPTH INTO SOFT TISSUES

Cold pack
Hot pack
Hydrotherapy (warm)
Paraffin
Fluidotherapy
Infrared
::-ronluminous
Luminous
Shortwave diathermy (27.12 MHz;
subcutaneous fat < 2 cm thick)
Microwave diathermy (2450 MHz;
nondirect contact applicator;
subcutaneous fat < 0.5 cm thick)
Ultrasound
3 MHz
I MHz

2mm-4 cm
2-5mm
2-5mm
2-5mm
2-5mm
2-5mm
5 mm-I cm
I-3cm
I-5cm
I-2cm
I-5cm

vices, e.g., urinary bladder stimulators, electrocardiographs,
and electromyographs. Jones reported on numerous cases of
adverse physiological dysfunction associated with electromag
netic field interference in patients who have cardiac pace
makers. Significant interference occurred at distances of up to
15 feet.7 8 Improvements in pacemaker design have eliminated
this hazard for some pacemaker units. II2 ,146 Based on electro
cardiographic changes in experimental animals, it has been
recommended that treatment be avoided over the heart with
ultrasound, which is not an electromagnetic form of energy.
Cardiac pacemakers should not be directly exposed to ultra
sound, which may interfere with electrical circuitry.1I2 Metal
components of objects external to patients, e.g., jewelry,
clothing zippers or snaps, and furniture, or implanted within
patients, e.g., joint prostheses and surgical rods, plates, and
screws, act to focus electromagnetic energy in a manner that
Gan produce burning of contiguous tissue. A similar focus
ing effect is produced by moisture on the skin or in dressings
and clothing. The patient's eyes, fluid-filled joints, inflamed
tissues, and excessive adipose tissue should be avoided for
similar reasons. Such problems are encountered most often
with microwave and shortwave diathermy. Although thera
peutic ultrasound does not produce dangerous heating of
metal like the diathermies, it should not be applied over the
eye. Further research on the effects of ultrasound on non
metallic prosthetic joint components has been advocated. 112
The following are specific precautions that should be
taken to prevent thermal injury of the older patient when us
ing thermal agents: 79 ,93,1l2
1. Heating can act to increase the inflammatory process in
acute, subacute, and chronic conditions. Deep heating of
joints involved with certain pathologies, e.g., the arthri
tides, may contribute to temperature-sensitive enzymatic
lysis of joint cartilage. 44 Superficial moist heating for less
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TABLE 23-2

PUBLISHED STUDIES ASSESSING THERMAL AGENTS FOR THE ELDERLY WITH PAIN
INVESTIGATORS

SUBJECTS

DESIGN

TREATMENT PROTOCOL DETAILS

TRllATMENT OUTCOME

AIdes & Jadeson2
(1952)

~
233
X age 62 yrs
Hypertrophic arthritis
with chronic cervical
or lumbosacral pain

• Not blinded, sequential
clinical trials of US
• . Separate group same
age patients (N 25)
received sham US (unit
off) in first treatment
series

Descriptive results only:
1. Sham-treated patients
reported to show no
improvement in first
series; good response to
active US in subsequent
series
2. At 12 mo post, 233 active
US-treated patients:
44% = "apparently
permanent
improvement"
27% = "partial
improvement"
29% "questionable or
no improvement"

Wright!74
(1964)

~
38
X age 62 yrs
Osteoarthritic knee

• Not blinded,
noncrossover
Randomized assignment
to 1 of 3 treatments:
1. Placebo tablets
2. Placebo intra
articular injections
(saline)
3. SWD

Clarke et al.'l
(1974)

~
45
X age = 61 yrs
Chronic osteoarthrosis
of knee

• Noncrossover*
• Randomized assignment
to 1 of 3 treatments:
1. Ice
2. SWD
3. ShamSWD
{untuned}

Hamer & Kirk6!
(1976)

~
31
X age = 59 yrs
Chronic frozen
shoulder

• Noncrossover*
• Prospective assignment
of patients into
cryotherapy or US
groups

• AIl patients had poor
response to prior medical
and PT treatments
• 3 series of 8-12
treatments, 3-10 min
duration, q 48 hr, at
1O-day intervals
• US: 0.8 + 1 MHz, at
1.3-11.9 W, direct
coupling with oil or
indirect with water,
moving technique; US
intensity and duration
increased each series
• 3rd series included
infrared, hot pack, and
hydrotherapy
• Evaluated pre and 14-day
post final series, q s 3.5
mo to 1 yr post
("Improvement" based on
unspecified pain and
ROM assessments)
• No patients had injections
or SWD s 6 mo prior
• Treated as outpatient for 6
wk: placebo tablets B.I.D.;
4 placebo injections (1 q 2
wk); SWD 20 min 3X/wk
• Evaluated pretreatment +
q 2 wk (criteria: walking
time, categorical
evaluations of tenderness
and pain; no. analgesic
meds/day; "improvement"
;;:: 2/4 criteria improved)
• Continued occasional med
use
• No injections or PT in
prior year
• Outpatient treatment
X 3/wk for 3 wk
• Specific treatment
protocols "according to
standard practice:' Ice
applied in bags above and
below knee.
• Evaluated pre- and post
treatment, and at 3 mo
(4-point verbal pain and
stiffness rating scales)
Patients free to continue
meds (except
corticosteroids)
• Treated 3X/wk for 3 wk
• Cryotherapy: towels
dipped in crushed ice and
water to shoulder for
15 min

PNP proprioceptive neuromuscular fucilitation; PT
*Evaluator blinded; separate therapist.

= physical therapy: ROM

range of motion; SWD

= shortwave diathermy: US

1. Placebo injections:

significantly better
improvement than tablets
2. Significant combined
short (s4 wk) and long
term (> 10 wk) differences
placebo tablets vs. SWD
3. Better long-term
improvement with SWD
but not significant

At conclusion of treatments:
1. Significant improvement
in pain for ice ¥s. SWD or
shamSWD
2. Significant improvement
in stiffness for ice vs. SWD
or sham SWD
At 3 mo post treatments:
1. No significant difference
between treatments
2. 82% of patients had
improved pain, stiffness,
knee ROM, walking time,
and physician/patient
assessments
1. Both groups improved
2. No significant differences
between groups for:
Number of treatments
(12.4 ice ¥s. 14.8 US), pain
grade improvement
(2.0 ice vs. 2.3 US),
improvement in shoulder
ultrasound.
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TABLE 23-2--CONT'D

PUBLISHED STUDIES ASSESSING THERMAL AGENTS FOR THE ELDERLY WITH PAIN
INVESTIGATORS

SUBJECTS

DESIGN

Hamer & Kirk61
(1976)
-coned

Bulgen et aP'
(1984)

Williams et al. ,67
(1986)

Svarcova et al.);J
(1988)

N = 42
X age 56yrs
Chronic frozen
shoulder

• Noncrossover*
• Randomized assignment
to 1 of 4 groups:
1. Ice packs and PNF
2. Maitland
mobilization
3. Injection
4. Non-treatment

:t:! = 18
X age = 58 yrs
Rheumatoid arthritic
shoulder

• "Single-blinded;'*
noncrossover
• Randomized assignment
to hot-pack or cold
pack groups

N = 180
X age = 63 yrs
Osteoarthritis of hip or
knee

• Not blinded,
noncrossover
• Patients divided into
3 treatment groups:

TREATMENT PROTOCOL DETAILS

• US: ?site for US, 5-8 min
continuous, at 0.5 W/cm 2
• All patients did passive
and active exercise b.Ld.,
10 min, for hospital and
home programs
• Patients discharged from
outpatient therapy when
pain relief attained
• Evaluated pre- and post
treatment (pain
assessment technique
unspecified)
• All got home pendulum
exercise, non-ASA
analgesics and diazepam
(p.r.n. at night)
• No specific details on ice
packs, PNF, or
mobilization
• Injections of 20 mg
methyl prednisone acetate
and 1% lignocaine
hydrochloride (0.5 mL to
subacromial bursa, 0.5 mL
to shoulder joint)
• Groups no. 1 and 2 treated
3X/wk for 6 wk; no. 3
injected 1x/wk for 3 wk
• Evaluated pretreatment,
1x/wk for 6 wk, and
1X/mo for 6 mo (pain
assessed by visual
analogue scale; ROM)
• Patients free to continue
meds (no steroid injection
in prior 3 mo)
• Treated 3 X /wk for 3 wk
• Hot pack: initially at
1380 F; 8 layers of Turkish
towel between pack and
skin
• Cold pack: crushed ice in
Turkish towel, 4 layers
between ice and skin
• Both heat and cold
applied for 20 min,
followed by supervised
20-min exercise program
to cervical spine, both
shoulders, and upper
extremities
• Evaluated pre- and post
treatment (pain assessed
with McGill Pain
Questionnaire, parts 1
and 4)
• US: moving 5 cm/sec,
3 fields,S min each
• Galvanic: 0.1 ma/cm',
20 min; SWD: pulsed at

TREATMENT OUTCOME

rotation (14.1 ice vs.
12.4 US)

1. Problems noted with use
of visual analogue scale to
assess pain; no data given,
"majority pain free at
6mo"
2. ROM (cumulative)
improvement: greatest for
injection (no. 3), with
significant between-group
difference at wk 4; ice with
best improvement at 6 mo
but nonsignificant
difference between groups

1. Both groups improved,

but no within-group
statistics performed
2. No significant differences
between groups for:
Pain rating index
improvement: 5.7 heat vs.
6.9 cold
Flexion ROM: 12.2 heat
vs. 5.0 cold
Abduction ROM:
26.1 heat vs. 22.8 cold

Between treatment
comparisons only
For pain relief (at
treatment 10):
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TABLE 23-2-COm'D

PUBLISHED STUDIES ASSESSING THERMAL AGENTS FOR THE ELDERLY WITH PAIN
INVESTIGATORS

Svarcova et al. 153
(1988)
--cont'd

SUBJECTS

DESIGN

TREATMENT PROTOCOL DETAILS

TREATMENT OUTCOME

1. US
2. Galvanic current
3. SWD
• Active and placebo
medications given to
one-half of subjects in
each group

46 MHz, 2 fields, 2 min
each
• Active med: 400 mg
ibuprofen
• US, galvanic current and
SWD for 10 treatments,
q 2 days, med B.LD for

1. All treatments plus active

3wk
• Evaluated at treatment
sessions 5 and 10 (pain
by visual analogue;
4 category "therapeutic
effect" rating)

than 20 minutes, on the other hand, has been shown to
result in a lowering of joint temperature.1J Thus, it is
critical that the most appropriate treatment modality be
selected for a given clinical condition.
2. Operating temperatures for heating agents should be
lowered, whereas those for cooling agents should be
raised. For example, if a vigorous heating effect is needed
to increase connective tissue extensibility in conjunction
with prolonged stretch, targeted tissue should be heated
to only 40° C as opposed to 45° c. 112 Typical modality in
tensity settings will need to be modified, and in some
cases, thermostatic controls will need to be reset, e.g., for
paraffin and hot and cold pack units. Use of paraffin with
a low melting point (104° F as opposed to 124° F) has
been recommended. 12 Both hot and cold packs may need
to be better insulated with greater thicknesses of dry tow
eling, which the patient should not be permitted to com
press with his/her body weight.
3. A slower rate of temperature change may be more desir
able. Therapeutic ultrasound, which produces the most
rapid deep-temperature elevation by easily penetrating
subcutaneous fat, may need to be used with a modified
technique, e.g., lower intensity, faster sound head move
ment, and less overlap of sound head strokes.
4. Treatment times may need to be shortened. The custom
ary 20- to 30-minute treatment time used with superficial
heating agents may need to be limited to no longer than
20 minutes.n,m More conservative treatment times for
deeper-heating agents may also be appropriate, e.g., use
of ultrasound for 5 minutes for each 150 cm2 of skin sur
face 60 rather than for an area two to three times the size of
the sound head. m
5. Reflex-based consensual vasodilation may be used to pro
duce less pronounced increases in skin blood flow in body
regions that cannot tolerate direct heating. 93 Consensual
circulatory reactions for cold have been controversial. s5
Although these modifications may improve the safety of
various treatment interventions, further research is needed
to determine whether resultant therapeutic effects are less
ened substantially.

med were significantly
better than treatments
alone
2. No significant differences
between treatment groups
For "therapeutic effect":
1. No significant difference
between groups
2. Overall, 89% of subjects
rated treatments as "good"
to "excellent"

A number of clinical factors should guide the health care
professional in the selection and application of the appro
priate thermal agent. Michlovitz has discussed key factors to
consider when using thermal agents in the management of
rheumatic diseases. lI2 These factors, modified for a broader
consideration of other pain-related diagnoses encountered
with elderly patients, include the following:
L The stage of the inflammatorylrepair process is impor
tant to determine. Based on signs, symptoms, and physi
ological characteristics, the acute inflammatory stage may
last as long as 2 weeks. Cardinal signs of local pain, red
ness, increased temperature, swelling, and loss of func
tion are common. There is a predominance of neu
trophils. The subacute stage of inflammation may then
continue for up to 1 month and is associated with a con
siderable lessening of cardinal signs. The chronic stage
of inflammation occurs after 1 month and is associated
with the presence of lymphocytes, monocytes, and
macrophages and with the proliferation of fibroblasts re
lated to adhesion and scar formation. Within the first
24 to 72 hours after trauma or onset of inflammation,
heating agents must be avoided to prevent aggravating
changes in local permeability, circulation, and metabo
lism. Cooling the affected site results in decreased mem
brane permeability and vasoconstriction, which act to
limit formation of edema. 1I2 Local tissue metabolism is
also lowered, which may also act to limit secondary hy
poxic injury of adjacent tissues. Concurrent compression
with an elastic wrap and elevation further act to control
edema formation. s5 Beyond 72 hours, mild and then
more vigorous local heating may be indicated. However,
the patient is always monitored for signs and symptoms
of aggravated inflammation. It should be appreciated that
early vigorous cooling can also worsen inflammation. ll2
In addition, cold may also be used to modulate pain in
subacute and chronic stages.
2. The "target tissue" for the thermal agent must be deter
mined. In the acute stage, cooling to the site of inflam
mation is desired. However, mild heating superficial to
inflamed tissues may successfully relieve muscle spasm
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and related pain. In some chronic conditions, deep, vig
orous heating combined with prolonged low-load stretch
may be required to restore pain-free joint range of mo
tion. However, it has been suggested that deep heating of
subacute and chronic arthritic joints may promote carti
lage destruction.44
3. The size of the body region, i.e., tissue volume, and num
ber of joints involved present practical treatment consid
erations. The diathermies may more easily be used to heat
large and relatively deep-body regions than ultrasound
used on multiple fields. Unlike the diathermies, ultra
sound will not dangerously heat subcutaneous fat. Hy
drotherapy may be preferred to hot packs or paraffin for
superficial tissue heating when multiple joints or large
body regions are involved.
4. The decision to continue treatment in the clinic or via
home program instruction may be guided in part by the
suitability of appropriate treatment modalities. Some
cooling agents, e.g., ice cubes in a plastic bag or used for
massage, and heating agents, e.g., moist towels mi
crowaved in unsealed plastic bags, timer-controlled elec
tric moist-heating pads, and home paraffin units, may
successfully be used in the home environment with
proper patient education. All deep-heating agents, e.g.,
diathermies and ultrasound, require application by a
health care professional in the clinic or home.
Transcutaneous Electrical Nerve Stimulation
The most common form of therapeutic electrical stimula
tion used for pain control is TENS, which involves the stim
ulation of cutaneous and peripheral nerves via electrodes on

365

the surface of the skin. Six types, or "modes;' of TENS have
been most commonly discussed in the literature. These six
modes are conventional, strong low-rate, brief-intense,
pulse-burst, modulated, and hyperstimulation TENS. Each
mode uses unique electrical output characteristics and a va
riety of electrode site options. Different perceptual-motor
qualities are associated with each mode as a result of nerve
and/or muscle activation. Table 23-3 introduces key features
of these common TENS modes, including typical stimulator
characteristics, electrode sites, and desired perceptual-motor
experience. To communicate effectively, it is important that
clinicians and researchers specify details of their methods
rather than just relying on descriptive TENS mode labels.
Other publications should be consulted for more detailed
discussion of the theoretical bases for pain relief with TENS
and associated clinical decision making. 9,105
Although a number of professional publications have
suggested or recommended TENS for pain control with el
derly patients," a survey by Leseberg and Schunk revealed
that initiation of TENS treatment for the elderly by physical
therapists was in reality quite low. 97 Despite the fact that
hundreds of research papers have been published on
TENS, 123 very few studies have been conducted with patients
with an average age in the mid-50s and older. Table 23-4
summarizes published studies that have assessed either the
efficacy or effectiveness of TENS for elderly patients with
acute or chronic pain. In addition, Levy and associates used
TENS to treat experimental acute arthritis induced in rat

'References 5,47,59,72,89,94,119,124,131,132,154,156,159,163,172

TABLE 23-3

COMMON MODES OF TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION FOR PAIN CONTROL
TYPICAL STIMULATOR OUTPUT

DESIRED PERCEPTUAL-MoTOR

MODE CLASSIFICATION

CHARACTERISTICS

TYPICAL ELECTRODE SITES

EXPERIENCE

Conventional
(Barr et aL) 12

Frequency: 10-100 Hz
Pulse duration: 50-100 /LS
Amplitude: low to medium"
Frequency: below 10 Hz
Pulse duration: 100-300/LS
Amplitude: high"
Frequency: 60-150 Hz
Pulse duration: 50-250 /LS
Amplitude: high*
Frequency: high (60-100 Hz)
modulated by low (0.5-4 Hz)
Pulse duration: 50-200 /LS
Amplitude: low to high"
Frequency, pulse duration, or
amplitude modulated
separately or together down
60% from preset values
Amplitude: Low to high"
Frequency: 1-100 Hz
Pulse duration: up to 500 ms
Amplitude: high"

At perimeter of painful area or
over nerve to region; or at
segmentally related area
Over nerve related to muscle in
or remote from painful area

Distinct paresthesia superimposed
on painful areas, or in segmentally
related area
Uncomfortable rhythmic muscle
contractions at patient tolerance

Over nerve related to muscle in
or remote from painful area

Uncomfortable tetanic muscle
contraction that fatigues, at
patient tolerance
Weak to strong intermittent tetanic
muscle contraction and
paresthesia

Strong low-rate
(Andersson et al.Y
Brief-intense
(Leo et al.)96
Pulse-burst
(Mannheimer and
Carlsson) 104
Modulated
(Miller et al.)ll5

Hyperstimulation
(= "noninvasive"
electro acupuncture )
(Leo )95

'Adequate to give desired perceptual-motor experience.

Over nerve related to muscle in
or remote from painful area

Any of these listed sites

Weak to strong sensation, with or
without muscle contraction; may
minimize perceptual
accommodation

Acupuncture points

Sharp burning sensation at tolerance;
no muscle contraction

~

8i
TABLE 23-4

PUBLISHED STUDIES ASSESSING TENS FOR THE ELDERLY WITH ACUTE AND CHRONIC PAIN
INVESTIGATORS

Acute pain
Smith et at'''
(1983)

Finsen et a1. 51
(1988)

Chronic pain
Abelson et al. I
(1983)

SUBJECTS

DESIGN

TENS MODE

ELECTRODE SITES

PROTOCOL DETATLS

TREATMENT OUTCOME

N = 50 (subject
_ subset)
X age 73 yrs
Total condylar-total
knee replacement
surgery

• Not blinded,
noncrossover
• Prospective division of
patients into TENS
and non-TENS groups

Unspecified (likely
CONVorMR)
"pleasant stimulation"

2 electrodes parallel
to incision

• Preoperative TENS
education
• Patients adjusted TENS
unit controls, with
bj.d. monitoring by PT
• TENS continuous until
discharge
• All patients had PT
(exercise and gait
training)
• Treated 30 min 2X/day
for 2 wk
• TENS unit light on
• Analgesic meds on
demand
• Pain assessment
technique unspecified

Patients in TENS group had
significantly fewer
injections of Demerol,
lower total Demerol
dosage, fewer days until
straight leg raise, shorter
hospital stay; no significant
difference in days until
ambulation

lS = 51
X age 69 yrs
Lower extremity
amputation due to
diabetes or
artherosclerosis

N = 32
X age 56yrs
Rheumatoid arthritis
with chronic wrist
pain

• Not blinded,
noncrossover
• Randomized
postoperative
assignment to:
1. Active TENS
2. Sham TENS (no
stimulation)
3. Sham TENS and
chlorpromazine

"Double-blind;'*
noncrossover
• Random assignment
to active or placebo
TENS (no
stimulation) treatment

PB
(90 J.LS impulses at

100Hz; burst of 7
pulses 2 X/sec;
amplitude to
discomfort)

BI?
(frequency = 70 Hz;
high intensity)

2 electrodes over
femoral nerve, 2
over sciatic nerve

Dorsal and ventral
wrist

• Anti-inflammatory
meds stopped 12 hr
before treatment
• Neutral statement on
likely effects to both
groups
• Treated 15 min 1 X/wk
for 3 wk
• TENS unit light on
• Visual analogue pain
relief rating pre- and
post-treatment

1. Self-rated analgesic effect
for all active TENS and
50% of sham TENS
2. Nonsignificant difference
in analgesic use or
phantom pain in first 4 wk
3. Active TENS had
significantly more healing
at 6 and 9wk
4. Active TENS had
significantly fewer cases of
phantom pain at 16 wk
( 10%) than sham (36%)
or sham plus
chlorpromazine (58%); no
difference 1 yr later
Only within-group
comparisons done:
1. Active TENS gave
significant improvements
in resting and grip pain,
power, and work
2. Placebo effect for pain
averaged 17%;
nonsignificant for all
criteria
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Lewis et aL 100
(1984)

Langley et al."1
(1984)

N 28
Median age 61 yrs
Osteoarthritis with
chronic knee pain

"!::!:

33
X age 54 yrs
Rheumatoid arthritis
with chronic hand
pain

• "Double-blind,"t
crossover
• Active and placebo
TENS (no
stimulation) treatment

CONY orB!?
(frequency = 70 Hz)

1. B!?
Frequency = 100 Hz;
pulse duration =
200 ps
2. "Acupuncture-like"
(PB?)
Frequency = 100 Hz,
on for 70 ms, pulsed
2/sec; both no. I and
2 at highest tolerated
intensity, displayed
on oscilloscope
3. Placebo = no current
but given signal on
oscilloscope

• "Double-blind,'"
noncrossover
Random assignment
to group 1 or 2 active
TENS or group 3
placebo TENS (no
stimulation)
treatments

4 electrodes at
acupuncture points
around knee

dorsal and I ventral,
proximal to wrist

• Initial "washout" week,
paracetamol only med
(also available during
TENS trials)
• Home program: 30-60
min 3X/day for 3 wk
of each treatment
• TENS unit light on
• Assessed weekly,
including visual
analogue pain relief
rating

• Initial neutral
instructions to all
suggestion
given to
• Nomeds < 24
• Treated once for
20 min
• Pre- and post
treatment assessment
each 15 min, including
visual analogue pain
rating

1. "> 50% pain relief" for
46% active, 43% placebo
2. Significant difference in
median duration of pain
relief: active (151 min) vs.
placebo (110 min)
3. Significant improvement
pain relief after 3 wk
active, not placebo
4. Both groups had
significant improvement
in "pain index" based on
knee ROM and weight
bearing, and reduction in
meds
5. Preferred treatment if
continued> 3 wk: 43%
active, 36% meds, 14%
placebo
1. Overall"~ 50% pain
relief": 59% in group 1;
64% in 2, 55% in 3
2. Nonsignificant group
differences, as all groups
had significantlv decreased
3. Nonsignificant
differences for
relief, total
tenderness, or number of
tender joints
4. No significant changes in
power or work
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knees. 99 A 5-rrunute TENS treatment resulted in a small but
significant increase in temperature (largest mean value =
OA°C) and a significant decrease in pressure measured intra
articularly. Synovial fluid volume and total leukocyte count
were also significantly less than the levels found in the oppo
site nontreated knee.
The author of this chapter conducted a modified double
blind crossover study with elderly individuals (N 22,
mean age 74 ± 10 years) who had chronic musculoskele
tal pain. 1O Although all subjects were informed that TENS
could possibly produce pain relief, this was done with neu
tral instructions. Each of three TENS treatments was given
to each subject for 30 minutes at 48-hour intervals for
1 week. (The three TENS treatments consisted of conven
tional TENS: frequency = 60 Hz, 40 JLS pulse duration, am
plitude to distinct paresthesia; pulse-burst TENS: seven im
pulses each of 40 JLS duration and frequency of 110 Hz,
pulsed at two per second, amplitude producing maximum
tolerated muscle contraction; and sham control TENS: con
ventional TENS settings but stimulation on for only 10 sec
onds.) Stimulation via two electrodes was perceived within
the painful area. Pain and simulated functional activities
were assessed by a blinded investigator who used separate vi
sual analogue scales. Significantly less immediate pain relief
was seen for the sham control treatment (19.5% vs. 32.5%
for true conventional and 33.9% for pulse-burst). When
compared with the control treatment, both active TENS
treatments produced significantly greater pain relief for up
to 8 hours but had no significant effect on the simulated
functional activities used in this study.
Overall, these studies indicate both efficacyl,145 and effec
tiveness of TENS in controlling a range of pain problems ex
perienced by elderly individuals under controlled short
term conditions. lO ,51,10o Only when strong suggestion was
provided to a placebo TENS group was active TENS seen to
be ineffective for older patients,9l as has been the case for
the general population.36 Well-controlled studies assessing
pain control with long-term TENS use, i.e., for greater than
1 month, in the elderly are sorely lacking.
Demand-type (synchronous) cardiac pacemakers repre
sent the primary contraindication for electrical stimulators,
including TENS devices. Although TENS has been safely
used on the body close to older-style fixed-rate (synchro
nous) pacemakers and on regions remote from demand
type units, a wide range of hazardous electrical stimulation
characteristics and electrode placements has yet to be fully
investigated. 9 At this time it is probably safest to recommend
that all patients with cardiac pacemakers be electrically
monitored during extended initial trials of therapeutic elec
trical stimulation. 9,3o If interference is noted, it may be ap
propriate to re-program the pacemaker to a lower level of
sensitivity.30 It also has been suggested that electrical stimu
lation not be performed on the anterior chest wall of pa
tients with cardiac histories, over the carotid sinus, or close
to the larynx. lOS The effects of TENS on patients with cere
bral vascular accidents, transient ischemic attacks, epilepsy,
and seizure disorders are not well-established.

Dry skin associated with aging and cleansing of the skin
with alcohol-based products act to increase the impedance
under electrodes used for electrical stimulation. This will
necessitate the use of higher-intensity stimulation, which
may be uncomfortable and irritating to the skin. Skin im
pedance can be lowered by hydration of the skin with skin
cream or nonabrasive electrode geL Use of alternate elec
trode sites will prevent breakdown of fragile skin from cu
mulative effects of allergic, chemical, electrical, and me
chanical irritation. Tape and self-adhering electrodes
should be peeled back slowly while underlying skin is held
down to prevent skin stripping.
Although clinical procedures involved in the application
of TENS have been outlined elsewhere,9,105 factors related to
successful pain control with TENS for the elderly merit spe
cific discussion, Even though the clinician is faced with an
array of stimulators, only a handful of publications have
critically assessed specific brands and models of TENS
units. 9 Equipment-related factors play an important role in
the success or failure of treatment with TENS. These factors
include reasonable cost, "user-friendly" instruction manuals
and unit controls, durable unit components, independence
between unit control settings and other unit output parame
ters, good battery life, and electrical output being limited to
established safety standards. The American National Stan
dard for Transcutaneous Electrical Nerve Stimulators should
be consulted for detailed safety guidelines. 6
A guiding concept for the treatment of all patients with
TENS, regardless of age, is a modification of the "KISS"
principle, i.e., Keep It Simple Stimulation. Technology in
corporated into some TENS units is inappropriately de
signed or too complex. Unit components are easily lost or
misplaced by patients. Controls may be confusing and may
be difficult to see or to adjust because of their small size. For
this reason an older-style single-channel TENS unit with
only one control dial, i.e., on/amplitude, may be superior in
some instances to the latest subminiature multiprogram
mabIe unit. Electrode systems need to be custom fit to each
patient's needs and abilities. A patient with severe hand os
teoarthritis may be unable to manipulate and secure tradi
tional carbonized silicone rubber electrodes, conductive gel,
and tape; only higher-priced reusable, self-adhering elec
trodes ,may be suitable, Health care professionals need to be
familiar with options available in TENS units and compo
nents, e.g., lead wires, connectors, electrode styles, adhesive
materials, and battery packs, and be able to exercise reason
able freedom in selecting the optimal TENS setup for their
patients,
Unfortunately, an adequate number of comparative stud
ies have not been conducted to determine the best mode of
TENS for treating specific types of pain. Wolf and colleagues
have noted that some patients with peripheral nerve injuries
benefit from higher-intensity stimulation.l7I Patients gener
ally find conventional TENS and lower-amplitude versions
of other modes, i.e., pulse-burst and modulated, to be most
acceptable. The author of this chapter has found elderly pa
tients with chronic pain to rate conventional low-intensity
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TENS as being more comfortable than high-intensity pulse
burst TENS.13 Although it has been recommended that ini
tial treatment be performed with conventional TENS (fre
quency at 60 Hz, short-pulse duration, and amplitude that
gives distinct paresthesia in the painful region),11,12,102 alter
nate TENS modes may need to be used to attain successful
pain controU,96,IOS
It is critically important that the patient and significant
others be given adequate instruction in self-treatment and
outcome documentation, e.g., via activity logs and pain and
functional rating scales. The patient must attain successful
pain control under the supervision of the health care profes
sional before being given a home program that has any
chance of long-term success. Medicare and many insurance
companies require at least a I-month rental period before
authorizing a TENS unit purchase.
Psycho educational Interventions
Allegrante has reviewed an array of related psycho educational
interventions used to manage pain that can be of value in
treating elderly patients. 3 These interventions include pa
tient/care-giver education, cognitive-behavioral therapy, and
family and social support. In relation to the theoretical mech
anisms of action noted in Box 23-1, it is likely that these
interventions exert their effects directly via an increase in de
scending inhibitory control mechanisms. Additionally, these
interventions ultimately can lead to behaviors that decrease
undesired activity in nociceptors or their afferents, or that in
crease desired input from mechanoreceptors or their afferents.
Traditionally, educational interventions have been used
to enhance patient and care-giver knowledge about disease
and its treatment, to modify attitudes and beliefs, and to
improve a range of skills, e.g., self-management, problem
solving, coping, communication, and compliance/adherence
behaviors.
Ferrell and associates have developed and tested a three
part home-based educational program for elderly patients
with cancer and their care-givers. 46 Program content in
cludes a general overview of pain and its management, spe
cific information about pharmacological management, and
discussion about and demonstration of 19 non-drug man
agement approaches, e.g., heat, cold, massage, relaxation,
distraction, and imagery techniques. Educational materials
include written information and instructions and audio cas
sette tapes. In the third session the visiting nurse recom
mends a non-drug intervention, including the purchase of
equipment with a total cost of no more than $50. A combi
nation of pharmacological and non-drug interventions has
been suggested to provide optimal pain relief. Key teaching
principles for pain education have been outlined. These in
clude emphasis on individualized education, with consider
ation of cultural influences; brief instructional sessions, with
breaks as needed; sensitivity to issues of cost, e.g., the seem
ingly minimal cost of purchasing tape recorder batteries may
be a financial burden; incorporating the patient's values
and beliefs, e.g., use of prayer and inclusion of culturally
sensitive methods; and involvement of care-givers in non-
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drug interventions, which can decrease their sense of help
lessness. Throughout this well-accepted program, Ferrell has
noted that pain education is essential to empower patients
and care-givers to increase their involvement in pain man
agement.
Very positive results have also been seen for patient ed
ucation in conjunction with arthritis managemene Per
haps best known is the Arthritis Self-Management Pro
gram (ASMP), the 12-year results of which have been
summarized by Lorig and Holman for more than 1000
clients. 103 The community-based program consists of 6
weekly 2-hour sessions instructed by trained lay leaders.
Participants receive the Arthritis Helpbook. They and sig
nificant others are instructed in the following: an overview
of the anatomy/physiology of different types of arthritis,
medication uses and effects, designing an individualized
exercise and cognitive pain management program, nutri
tion, patient/physician communication, and solving disease
related problems. Results from the ASMP, based on the
comparison of responses from active program participants
vs. wait-list control subjects in randomized trials, indicated
the following: (1) program participants had significantly
increased self-efficacy, significantly increased frequency of
exercise and relaxation per week, significantly decreased
pain, significantly decreased arthritis-related physician vis
its, and trends toward decreases in depression and disabil
ity; (2) self-efficacy, i.e., confidence that one has in his/her
ability to perform a specific behavior or change a specific
cognitive state, was enhanced by an education program
that emphasized self-efficacy; and (3) without formal rein
forcement' significant ASMP effects lasted as long as 4
years.
Cognitive-behavioral treatment is comprised of an ar
ray of psychosocial approaches.3,46,81 The cognitive ap
proaches challenge how patients perceive themselves and
their pain, and help them divert their thoughts away from
pain. Behavioral approaches are used to decrease pain be
haviors, and to increase wellness behaviors.81 Specific tech
niques are used to improve coping and problem-solving,
and to reduce emotional distress associated with pain.
These techniques include passive and progressive relax
ation; biofeedback; rest and activity cycling; attention di
version/distraction; imagery/visualization; meditation and
prayer; self-hypnosis; and cognitive restructuring. 3,46,81
Keefe and colleagues have provided the following practi
cal suggestions for implementing a number of these tech
niques with older individuals: 81
1. During relaxation training, patients often fall asleep.
This can be minimized by conducting practice when pa
tients aren't fatigued, reducing the length of sessions, and
allowing patients to keep their eyes open.
2. Brief "mini -practice" sessions of relaxation should be en
couraged throughout the day, i.e., 20 to 30 seconds in
duration, up to 20 times per day.
3. Activity-rest cycling is used to break the pain cycle by
making activity levels contingent on time, not on pain.
Over-doers should stop and rest before increased pain is
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experienced; under-doers should gradually increase ac
tivity levels.
4. Imagery should involve all of the patient's senses and be
preceded by relaxation.
5. In using cognitive restructuring, patients should monitor
their negative thoughts. A rational coping thought should
be developed to challenge each negative thought. For ex
ample, the negative thought "the pain will never end"
brings feelings of depression. An appropriate coping
thought might be "the pain has always lessened in the
pase'
Middaugh and associates assessed the efficacy of biofeed
back-assisted relaxation training in comparing the responses
of 20 younger (mean age of 38.5 years) and 17 older (mean
age of 62.4 years) patients with chronic pain. 1l4 A total of
8 to 12 training sessions, with daily homework sessions, were
performed. The sessions consisted of muscle relaxation
i.e., initially tense/relax muscle contractions progressed to
diaphragmatic breathing and relaxation without tensing;
digital skin temperature and respiratory rate were moni
tored-and EMG biofeedback-Le., monitoring muscles in
a specific area of pain, with relaxation practiced during ac
tual and simulated daily activities. Testing was done before
and after training. Both younger and older subjects demon
strated comparable significant improvements in skin tem
perature and respiratory rate responsiveness. A subgroup of
patients with cervical pain showed similar improvements
in EMG measures for the upper trapezius muscle. Maxi
mum reported pain was decreased significantly for both the
younger and older groups, but current pain was only de
creased significantly for the older participants. This often
cited study indicates that older patients with chronic predom
inately musculoskeletal pain are responsive to biofeedback
assisted relaxation training.
Keefe and Williams determined that there were no signif
icant age-related differences in the use or perceived effec
tiveness of pain coping strategies among patients with
chronic pain. s2 Older patients who viewed themselves as ef
fective in controlling pain and in avoiding maladaptive "cat
astrophizing" strategies reported significantly lower levels of
pain and disability. After cognitive-behavioral training, older
patients who increased their perceived effectiveness of cop
ing (and decreased catastrophizing) were more likely to have
decreased pain and disability.sl Both daily and "time-lagged"
coping effects have been determined for patients experienc
ing rheumatoid arthritis. so Patients who reported high levels
of coping efficacy on one day had lower levels of pain and
more positive mood the following day.
The health status and coping abilities of individuals with
chronic illness can be greatly influenced by spouse, family,
and social support. 3•B! Direct support can include assisting
the patient to practice and in maintaining coping skills, e.g.,
identifYing high-risk situations, identifYing natural cues to
assist with coping, and developing a plan for dealing with
flares in pain. However, excessive or solicitous support may
foster a dependent life-style that perpetuates pain behav

-,

iors. S ! Jamison and Virts determined that 1 year after com
pleting a chronic pain management program, patients who
described their families as being supportive reported signif
icantly lower pain intensity, less reliance on medications, and
less interference with activities than patients who perceived
their families as nonsupportive/ 6 Interestingly, Rene and as
sociates found that supportive monthly telephone calls by
lay personnel that promoted self-care were associated with
improvements in joint pain and physical function over a
I-year period for patients with osteoarthritis.!34

Case Studies
To more completely describe the application of conservative
pain management principles, two case studies involving
older patients are now presented.

Case 1
Mr. Jones was an 81-year-old retired electrical contractor,
living alone, with severe degenerative joint disease. He was
referred as an outpatient to the physical therapy department
from the medical center's Geriatric Evaluation Unit (GEU).
His main complaint was right hip pain on weight bearing.
Mr. Jones had tripped over a curb with his right foot 1 week
ago, which had resulted in immediate hip pain. His related
history included blindness, moderate bilateral hearing loss,
no evidence of fracture by roentgenogram taken on the day
of referral, and a prescription for naproxen (375 mg, 3 times
a day). The clinic physician felt that Mr. Jones should be as
sessed as a candidate for possible right total hip replacement
by an orthopedist, but the patient vigorously opposed this
idea. (Mr. Jones reported that a good friend had recently
died as a result of complications associated with just such a
surgery.) Evaluation in the physical therapy department re
vealed moderately limited active and passive ROM and 3/5
grade muscle strength of all right hip muscles (except ab
ductors at 2/5) associated with pain. Strength at other right
lower extremity joints and of other extremities and trunk
was generally at 4/5. He was independently ambulatory with
a slow antalgic gait using his sounding cane in the right
hand. Mr. Jones noted only localized "deep" hip pain; his
pain with weight bearing was rated 7/10; with active hip mo
tion, 5/1 0; and at rest supine, 2/1 0 (by Pain Estimate Rating).
It was the assessment of the physical therapist that Mr. Jones
had strained the muscles of his hip (principally the abduc
tors) and was in a subacute stage of pain. The initial treat
ment plan included patient education/recommendations for
reduction of mechanical forces on muscles of the right hip to
decrease pain and promote healing and gentle active ROM
exercises to maintain and later increase hip ROM to restore
safe functional gait. It was recommended that weight
bearing activity be temporarily decreased, but he refused to
be fitted for a standard straight cane. He was willing to limit
ambulation, especially on stairs, for a period of "a couple
weeks." He was instructed in an initial home program of
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gentle active ROM exercises for the right hip. Since he was
planning to leave the community for the next few months to
visit his children out of state, he was instructed to arrange
for re-evaluation upon his return.
Mr. Jones attended physical therapy after another GEU
visit 5 months later. The GEU physician had increased the
naproxen (375 mg) to 4 times a day. Roentgenograms re
mained negative. On this occasion, he reported increased
right hip pain extending to the lateral mid-thigh: rated 8/10
with weight bearing, 6/10 with active ROM, and 3/10 at rest
supine. He exhibited marked tenderness to palpation at the
right greater trochanter only. Although not agreeable to
manual muscle testing of the hip, no distal weakness was
noted. Mr. Jones now accepted fitting and instruction in use
of a straight cane, which he found to be safer when using in
the right hand. His home ROM exercise program was mod
ified to self-assisted ROM in pain-free range only. A future
trial of TENS for pain control was suggested to Mr. Jones.
A trial of TENS for pain control was begun 1 week later.
Pain rating before treatment was 8/1 0 during weight bearing
of ambulation, even with the cane on right. TENS was begun
in the "conventional" mode (frequency = 60 Hz, phase
width
40 JLS, amplitude adjusted to produce a "distinct
electrical sensation overlying the area of pain"). One TENS
unit channel was used, with one electrode over the greater
trochanter and the other at mid-lateral thigh. At the end of
stimulation for 20 minutes, Mr. Jones rated pain with weight
bearing and ROM at 3/10 and pain at rest 0/10. With the
TENS unit turned off, significant carryover of pain reduc
tion was seen for approximately 2 hours. A second TENS
trial was done 4 days later, with initial pain again at 8/10 on
weight bearing. Within 20 minutes of stimulation, this pain
was reduced to 4110, with significant post-stimulation carry
over again for 2 hours. Mr. Jones was formally instructed in
a home TENS program 3 days later, to be done twice a day in
conjunction with the self-assisted ROM program. Reusable
self-adhering electrodes could be applied and cared for by
Mr. Jones after detailed instruction and supervision. He also
mastered TENS unit operations (including the battery
recharging procedure and use of alternate electrode sites).
After 4 weeks, Mr. Jones was admitted to the hospital with
a small gastrointestinal bleed. Although taken off naproxen,
he continued TENS and was regularly able to reduce his pain
with weight bearing to 3/10 and had no pain at rest. Unfor
tunately, 1Yz months later, he fractured his right hip while
lifting heavy pails of water for his six dogs. He underwent a
successful right total hip replacement, which included con
ventional postoperative physical therapy. At a return GEU
visit 9 months later, Mr. Jones demonstrated a symmetrical
pain-free gait without any assistive device. Strength of the
right hip muscles was found to be 4-5/5, with full ROM
throughout. Mr. Jones was continuing a home exercise pro
gram of resistive exercise and walking on a daily basis.
This case illustrates the practical implementation of con
servative pain management interventions for a highly inde
pendent older individual. The physical therapy program in
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volved extensive patient education and psychological sup
port. The program included the use of an assistive device,
exercise, and TENS in a manner that helped to both con
trol pain and maintain functional independence during an
8-month period leading up to a much-feared total joint re
placement surgery.

ease 2
Mrs. Smith was a 61-year-old right-hand-dominant female
hospital clerk with a chief complaint of right shoulder pain.
This pain prevented use of the right upper extremity for
work and activities of daily living that required the finger
tips to be raised higher than her ear lobe, e.g., stocking items
on overhead shelves and combing her hair. She was seen ini
tially in the physical therapy department 1 day after sudden
onset of right shoulder pain that occurred while she was
tearing paper from a computer printer; her recollection of
the pain was rated at a level of 10110. She was referred from
the orthopedics department with a diagnosis of right sub
acromial bursitis and a prescription for topical 5% hydro
cortisone to be used for phonophoresis. The patient was tak
ing ibuprofen and acetaminophen as needed. Physical
therapy evaluation revealed a "painful arc" of active right
shoulder abduction ROM from 60 to 120 degrees in neutral
rotation and from 90 to 120 degrees in full external rotation.
A manual muscle test of the right deltoid and rotator cuff
muscles was rated at 4/5 (with pain); left shoulder and bilat
eral elbow, wrist and hand muscles were all 5/5. Upon pal
pation of the right subacromial area, the patient noted sharp
pain and rated it 9/10. Pain with active shoulder abduction
was rated 7/10 and was relieved by rest and medications.
Manual examination of the cervical spine did not reproduce
shoulder pain. The patient reported not being allergic to
cold or medications. Mrs. Smith was assessed to have acute
onset right subacromial bursitis. Short-term treatment goals
were to decrease inflammation and pain. Long-term goals
were to restore full pain-free ROM and shoulder strength
and to regain use of the shoulder for functional work activi
ties and ADL. Physical therapy treatment consisted of rest
from repeated trauma in the workplace through temporary
job task reassignment; education in a home program (appli
cation of specific ergonomic principles in the home and
workplace; ice massage for 7 to 10 minutes, twice a day for
1 week; and gentle pain-free ROM exercise); outpatient
treatment 3 times a week consisting of phonophoresis (using
5% hydrocortisone with continuous I-MHz ultrasound, at
0.7 to 0.8 W/cml, moving technique for 7 minutes); and ex
ercise (ROM; progressive resistive exercise when inflamma
tion gone).
At physical therapy re-evaluation 10 days later, Mrs.
Smith reported that the right shoulder was generally feel
ing better. Examination disclosed a painful arc from 70 to
120 degrees in neutral and from 90 to 115 degrees in exter
nal rotation, manual muscle tests were unchanged, and med
ication use was still as needed. Pain with active shoulder ab
duction was rated 6/1 O. One week later, Mrs. Smith claimed
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that she was pleased with her progress on pain control but
noted shoulder "weakness." Examination showed a painful
arc of active shoulder abduction (in neutral rotation) at
90 to 110 degrees, pain was rated 4/10, and muscle strength
tests were unchanged. The patient claimed less frequent
medication use. She was begun on gentle progressive resis
tive exercise for the right shoulder using a "yellow" -coded
Theraband and was monitored closely for increased inflam
mation. At a clinic visit 1 week later, phonophoresis was dis
continued. A painful arc remained at 90 to 110 degrees, with
pain rated at 4/10 and strength unchanged. Medication use
was now infrequent. Mrs. Smith's exercise program pro
gressed to a "red" -coded Theraband.
Mrs. Smith was discharged from formal out-patient phys
ical therapy 1 week later (1 month after her initial visit),
claiming to be pain free. The patient had resumed her origi
nal workload, with task modifications. No painful arc with
active right shoulder abduction or to palpation was present;
thus, pain was rated 0/10. Manual muscle testing showed
deltoid and rotator cuff muscles at 4+/5, without pain. Med
ications were being used infrequently for inflammation or
pain. Mrs. Smith's home progressive resistive exercise pro
gram, using a "green-" and then "blue" -coded Theraband
with proprioceptive neuromuscular facilitation (PNF) pat
terns (Dl and D2 flexion) was reviewed, and she was deter
mined to be independent in its application. She was assessed
as having good progress with her program, which she con
tinued at home and in the workplace. She appeared to un
derstand that she was at risk for recurrence of this condition.
A formal re-evaluation was to be done in 2 months.
This case illustrates the successful conservative manage
ment of an injured older employee. Specific outpatient phys
ical therapy care was provided in the acute and subacute
stages of her condition. A detailed home program was insti
tuted for a 3-month period that actively involved the patient
in her own recovery and set the stage for prevention of a re
currence. Clinical improvement by natural history of the
healing process cannot be ruled out as a significant factor
in this case. However, left untreated, it is very possible that
this condition would have been exacerbated in the work
place and might have progressed to a chronic painful or
frozen shoulder.

SUMMARY
A large proportion of older individuals experience signifi
cant physical pain as a result of the aging process and related
illness. Fortunately, there is growing interest both in accurate
assessment of clinical pain and in conservative pain man
agement for the older patient. When properly applied, con
servative treatment interventions exist that have been
demonstrated to be either efficacious or effective in the con
trol of pain associated with select problems affecting in
dividuals aged 55 and older. However, given physiological
age-related changes, concerns for patient safety and treat
ment effectiveness require further modifications in many

treatment protocols. Additional studies of pain assessment
tools, especially for older individuals who· have significant
cognitive impairments, are warranted. Conservative treat
ment interventions should continue to be examined both
singly and in combination for their effectiveness in manag
ing a wider range of pain-related problems of concern to
older individuals.
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health problems commonly associated with increased risk of
ulcer development and delayed wound healing: (1) periph
eral circulatory diseases (either arterial or venous), (2) dia
betes mellitus, and (3) hypertension. Frail elders, with mul
tiple medical problems and decreased activity level, often
have numerous risk factors for developing dermal wounds
and for delayed wound healing. Box 24-1 lists factors com
monly associated with delayed wound healing.

Normal Age-Related Changes in Wound Healing
Current research indicates that healthy older adults experience
a somewhat slower rate of wound healing than younger per
sons I2,13,60,144 but that the quality of the wound scar mayactu
ally be better in the healthy older person. II - 13,144 Normal age
related changes in skin, immune system, and microcirculation
are believed to influence the rate of wound healing, although
the exact mechanisms are undeary,14,60,I44 Overwhelmingly,
the individual with a chronic dermal wound is not simply
"old:' This individual has an illness or injury related to one
or more of the risk factors identified in Box 24-1. It is the
presence of the disease state, not old age, that leads to
markedly delayed wound healing (chronic wounds). The in
ability of a dermal wound to heal represents a pathological
state that warrants vigorous intervention and should not be
considered a "normal" consequence of the aging process.

Normal Tissue-Healing Process
When a tissue is injured, the body's natural response is to ac
tivate the inflammatory process. This process guides each se
quential step of tissue repair and protects the wound against
invading microorganisms. 123 The acute inflammatory phase
is an essential first step in tissue repair, usually lasting about
2 days, and is carefully orchestrated to provide the correct
physiological stimulus for the level of injury. If an inade
quate inflammatory response occurs, the healing process will
be delayed; if an excessive response occurs, enhanced scar
ring can occur. Typically, the tissue moves into the prolifera

INTRODUCTION

.
~

Advanced Age and Chronic Dermal Wounds
Chronic dermal wounds occur most commonly in the older
population. This higher prevalence in the elderly corre
sponds to a higher proportion of older adults who have
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tive phase within about 3 days of onset of injury. In this
stage, wound contraction and epithelialization occur. In the
final stage of wound repair, the remodeling stage, the wound
is no longer open. The connective tissue, which is usually
laid down in a fairly random manner in the proliferative
stage, becomes better aligned with the stresses put upon it,
resulting in a strong, pliable scar. This process can take up to
1 year to complete. As discussed previously, in the absence of
pathology, the healing time for older adults is slightly longer
than for younger adults, and the quality of the scar should
be generally similar (if not better) than scars of younger
adults. 11•13 Comorbid disease states may affect both the rate
of wound healing and the quality of the scar tissue.

Wound Classification
In general, chronic dermal wounds are classified according
to the predominant underlying cause oftheir occurrence: ar
terial insufficiency, venous insufficiency, pressure (decubi
tus)' and neuropathy (insensitivity). For a given patient, an
ulcer may fit into more thim one classification category. Ul
cers are also categorized according to their severity. Two dif
ferent classification systems are commonly used. The more
general classification, often associated with pressure and ve
nous insufficiency ulcers, assigns the ulcer to one of four
stages dependent on the depth of the ulcer (Table 24_1).116
An alternative system, described by Wagner and often asso
ciated with neuropathic and arterial insufficiency ulcers,
considers depth of the ulcer as well as the health of the sur
rounding tissues (Table 24_2).147
This chapter discusses the epidemiology, etiology, and
clinical signs and symptoms for each of the four general
causes of chronic ulcers: arterial insufficiency, venous insuf
ficiency, pressure induced, and neuropathy. Tests used to
identify high-risk patients are described as well as general
treatment approaches and interventions.
TABLE 24-1

Regardless of the underlying cause of the ulcer, the gen
eral treatment approach includes removal of risk factors that
impede the normal healing process (see Box 24-1), augmen
tation of normal wound healing, and prevention of injury
recurrence. 52,145 The final section of the chapter identifies
common physical therapy interventions for the treatment of
dermal wounds, reviews the rationale for their use, and dis
cusses any special considerations when applying these inter
ventions to older adults. The ultimate goal of intervention is
complete closure of the wound with a strong, resilient scar.

Wound Examination
Examination of the patient with a chronic dermal wound in
cludes identifying and quantifying factors that contribute to
wound development and/or delayed wound healing as well
as obtaining objective information about the wound itself.
Examination activities can be organized into three broad
categories: (1) medical and social history; (2) review of re
lated physiological systems, e.g., cardiopulmonary and vas
cular, musculoskeletal, neuromuscular; and (3) objective
tests and measures of the integument, including wound
characteristics, and quantification of factors contributing to

I.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

NATIONAL PRESSURE ULCER ADVISORY
PANELS CLASSIFICATION SYSTEM FOR
PRESSURE ULCERS
STAGE

DESCRIPTION

Stage I

Non-blanchable erythema of intact skin. In
individuals with darker skin, discoloration of skin,
warmth, edema, induration, or hardness also may
be indicators.
Partial-thickness skin loss involving epidermis,
dermis, or both.
Full-thickness skin loss involving damage to or
necrosis of subcutaneous tissue that may extend
down to, but not through, underlying fascia.
Full-thickness skin loss with extensive destruction;
tissue necrosis; or damage to muscle, bone, or
supporting structures.

Stage 2
Stage 3
Stage 4

From Panel for the Prediction and Prevention of Pressure Ulcers: Pressure Ulcers in
Adults: Prediction and Prevention. Clinical Practice Guideline No. J, AHCPR
Publicati<m No. 92-0047. Rockville, MD, Agency for Health Care Policy and Research,
US Public Health Service, US Department of Health and Human Services, 1992.
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Inadequate blood supply to the wound
Wound infection
Inadequate nutrition
Adherent scab or eschar
Wound edema
Venous hypertension
Anemia
Cigarette smoking
Systemic hypertension
Decreased capillary membrane diffusion
Increased blood glucose levels
Medications-steroids, certain immunosuppressive drugs,
high doses of antimicrobial agents (e.g., >0.001 % povidone
iodine; >0.5% sodium hypochlorite)

From Feedar J, Kloth L: Conservative management of chronic wounds, in
Kloth L, McCulloch J, Feedar J (eds): Wound Healing: Alternatives in
Management. Philadelphia, FA Davis, 1990.

TABLE 24-2

WAGNER CLASSIFICATION SYSTEM
OF ULCER STAGES
STAGE

o
1
2
3
4
5

DESCRIPTION

Intact skin
Superficial ulcer involving skin only
Deep ulcer involving muscle and, perhaps, bone and
joint structures
Localized infection-may be abscess or osteomyelitis
Gangrene, limited to forefoot area
Gangrene of the majority of the foot
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wound development and delayed wound healing, such as
circulatory insufficiencies or sensory deficits. 9,102,140
The Guide to Physical Therapist Practice identifies the
general tests and measures applicable to the physical ther
apy management of patients with integumentary system
dysfuoction. 9
Treatment approach will be influenced by the wound
characteristics. Therefore, the general appearance of the
wound should be noted. Is the wound open or closed? If it is
open, what color is the tissue? Is granulation tissue evident?
Does the wound look dean and free of necrotic tissue and
pus? Is there any drainage from the wound? If yes, is the
drainage dear and thin, purulent and thick, or bloody? How
much drainage is there? A wound culture should be taken
from the deepest part of the wound, not simply from the
surface tissue.
If the wound is covered, what is covering it? Is it covered
by thick, crusty material; tightly adherent eschar; thick, pu
rulent material; or healthy granulation tissue? Adherent es
char, purulent materials, and necrotic tissue need to be re
moved for wound healing to progress. Wound infection
needs to be eliminated, and excessive fluid loss needs to be
brought under controL
What is the size and depth of the wound? The external di
mensions of the wound can be reliably traced by placing a
material such as transparent acetate sheets, plastic wrap, or
sterile x-ray film against the wound and tracing its out
line. IOI ,102,140 Graph paper can then be used to calculate the
approximate size of the wound. The depth of the wound can
be determined by placing a sterile, cotton-tipped probe into
the wound and recording the depth of penetration of the
probe. A detailed discussion of wound examination proce
dures can be found in recent wound management texts by
Sussman and Gogia. I02,I40

The Health Care Team
Physical therapists working with patients with chronic der
mal wounds are usually working as part of an interdiscipli
nary team. Each team member brings unique skills and
knowledge. The team may include, but is not limited to, a
family practitioner or other physician, vascular surgeon,
nurse, dietitian, physical therapist, occupational therapist,
orthotist, and podiatrist. One team member is often identi
fied as the "case manager:' This individual coordinates ser
vices among the multitude of health care team members in
volved in the patient's care. The physical therapist may serve
in this role in some health care settings.
The family practitioner (or internist) will evaluate and
treat the patient for general medical conditions that may im
pede the overall healing process. A vascular surgeon will de
termine the location and severity of vascular insufficiencies
and the appropriateness of various surgical approaches for
re-establishing more normal vascular hemodynamics (either
arterial or venous) as well as the need for skin grafting to
close the wound. Nursing will develop and implement a care
plan to monitor the wound environment; minimize risk fac
tors for delayed wound healing; and make dressing changes

as needed to maintain a clean, healthy tissue environment
supportive to healing. A dietitian should plan the specific di
etary needs of the patient to ensure adequate nutritional
support during the healing process. Other health profession
als can be consulted as needed, depending on the patient's
specific needs. For example, an orthotist may fabricate ap
propriate footwear for the patient with an ulcer on the foot.
The role of physical therapy can be very narrow and fo
cused (providing one specific direct intervention in concert
with a broad team involvement) or quite broad (serving as
case manager, coordinating services, and providing multiple
interventions). Through the use of physical agents, gait
modifications, selective therapeutic exercise activities, func
tional training, and patient education, physical therapists
provide important augmentation of the healing process. The
physical therapist's role in the interdisciplinary team must
always be considered in the overall treatment planning.
Additionally, both patient and care-givers must become
an integral part of the health care team because the healing
of a chronic dermal wound is a long-term process. Both
care-givers and the patient need to understand the purpose
of each intervention, accurately and consistently follow
through with all patient and family-directed interventions,
and recognize inappropriate treatment responses.
Good communication between all members of the team
is essential. Each team member should understand the
unique perspective of other members of the team and work
to build a consistent, effective overall treatment approach.
Since the purpose of this chapter is to address the specific
role of physical therapy in wound management, the spe
cific activities of other team members have only been men
tioned briefly. This does not imply less value for the role
of other team members but simply reflects the main focus of
the chapter.
CHRONIC DERMAL WOUNDS FROM
ARTERIAL INSUFFICIENCY

Epidemiology
Arteriosclerosis obliterans (ASO) represents about 90% to
95% of all cases of chronic occlusive arterial disease. 50,lOs
ASO is also known as atherosclerotic vascular disease and
obliterative arteriosclerosis. Most dermal ulcers associated
with arterial insufficiency are secondary to ASO.sO Ulcers re
lated to ASO indicate a severe compromise of local circula
tion and thus tissue nutrition. Typically, the distal foot, par
ticularly the tips of the toes, is the first area to undergo
ischemic damage.
ASO affects men more commonly than women, and
prevalence increases with age. Paris and colleagues in a study
of nursing home residents found that 35% of the subjects
who were between 76 and 80 years old had significant arter
ial disease. 117 This number. gradually increased with increas
ing age. Approximately 65% of patients older than 90 had
significant arterial disease. Petermans evaluated 261 older
adults admitted to one acute care hospital in Belgium for
medical problems not associated with vascular disease.1l8
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In this sample, with a mean age of 81,58% were found to
have ASO.

Etiology
The formation of atherosclerotic plaques begins in child
hood with the laying down of fatty streaks within the intimal
wall of the medium and large arteries. Over time, fibrous
plaques develop. The progression to atherosclerotic vessel
occlusion with onset of symptoms generally occurs very
slowly over many decades. 50 ,75 The body accommodates to
this chronic, slowly progressive decrease in perfusion by pro
ducing collateral circulation in the area served by the oc
cluded vessel and by decreasing peripheral vessel resistance
so that blood can pass through the artery more easily. These
adaptations delay the onset of ischemic symptoms until sub
stantial narrowing of the lumen of the vessel occurs.84,IOS
In the person with severe arterial insufficiency, minor
trauma can result in a non-healing ulcer. Tissue injury from
a poorly fitting shoe, an ingrown toenail, or stubbing one's
toe are examples of situations that can lead to a serious der
mal wounds in the person with ASO. In this individual, the
increased oxygen demand that accompanies the normal in
flammatory response to tissue injury may go unmet due to
the inability to increase blood flow into the area. Unmet oxy
gen demands lead to further tissue ischemia and, eventually,
cell death.
Risk factors for the development of ASO include cigarette
smoking, diabetes mellitus, high intake of saturated fats, be
ing male, and sedentary life_style. so,76,87,1l7 Although the exact
mechanism through which cigarette smoking exacerbates
ASO is unknown, it is clear that individuals who smoke at
least 20 cigarettes per day have much greater risk of devel
oping symptomatic ASO than do non-smokers. 37,87,91,105 The
elimination of cigarette smoking is very important in con
trolling the progression of ASO. One recent large prospective
study suggests that non-smokers who consume moderate
amounts of alcohol (seven glasses per week) are at lower risk
of peripheral arterial disease than individuals who have less
than one drink per week.37 Smokers, however, do not receive
a circulatory benefit from moderate alcohol consumption.
The negative circulatory effects of cigarette smoking cannot
be counteracted with moderate alcohol consumption.
Individuals with hypertension have a greater risk of com
plications from ASO than do non-hypertensive persons. 50,75
In patients with diabetes mellitus a high association between
peripheral vascular insufficiency and distal lower extremity
neuropathy exists. 61 .6S Lower extremity neuropathy is a ma
jor contributing factor to the development of foot ulcers of
patients with diabetes. The vascular insufficiency that occurs
concurrently with neuropathy in many patients with dia
betes appears to be a key factor in delayed healing (or non
healing) of neuropathic ulcers. 61 ,65 Neuropathic ulcers are
discussed later in this chapter.

Clinical Signs and Symptoms ofASO in the Elderly
Older adults, particularly those older than 70, may have
atypical presentation of ASO. It is common in the elderly to
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have substantial pathology, even leading to gangrene of the
part, without any complaints of intermittent claudication
one of the first and most commonly observed signs of ASO
in the younger population. 76 Intermittent claudication pain
stems from inadequate blood flow through the exercising
muscle. This pain is usually felt in the calf but can occur in
the thigh, hip, or buttocks.127The pain is first noted during
ambulation and, characteristically, quickly disappears once
the person sits down 'and stops contracting the involved
muscles.
Older patients may complain that their legs feel heavy
or cold, rather than painful, with ambulation. Characteristic
changes in the skin below the level of circulatory compro
mise are commonly observed. Ulcers may develop on the
toes (Fig. 24-1).

Objective Tests for Arterial Insufficiency
Noninvasive hemodynamic assessment of blood flow can be
done through flow-detecting Doppler ultrasound, volume
detecting plethysmography, or tissue oxygen tension tests
(TcpOz). Doppler ultrasound is a simple, reliable, noninva
sive test of arterial circulation. The frequency of the ultra
sound unit is such that the pattern of sound waves reflected
from the moving blood provides a very sensitive indicator of
blood flow in the area being sonated. The test is performed
by first occluding blood flow to the lower leg with a blood
pressure cuff. The ultrasound is applied as the cuff deflates,
and the systolic pressure is recorded.lOs.14o Meaningful values
are obtained by comparing the blood pressure response of
the arm with that of the ankle, creating the ankle!arm, or the
anklelbrachial, index (ABI). In young adults the ratio of an
kle to arm pressure is 1: 1, giving a pressure "index" of" l." In
normal older adults the ankle pressure may be slightly
higher than the arm pressure, thus increasing the index to
slightly greater than l. However, an ABI greater than 1.1 may
indicate calcific changes in arterial walls that impede com
pression of the vessel and thus greatly decrease the accuracy
of the test.
Although researchers and clinical experts differ some
what in their interpretation of critical values of the ABI, the
following are general guidelines. An ABI of less than 0.9 is
suggestive of vascular disease. 117,l40 It is commonly believed
that a value less than 0.7 or 0.75 confirms arterial disease and
is associated with intermittent claudication..·,s7,117 A value
less than 0.4 to 05 indicates severe impairment, is usuallyas
sociated with rest pain, and serves as an indicator for avoid
ing exercise to the involved limb.57.105.l4o An ABI of greater
than 0.45 is believed necessary for a foot ulcer to heal. 22 An
ABI of less than 0.25 is associated with ischemic ulceration
and impending gangrene. S7
Transcutaneous tissue oxygen tension tests measure the
partial pressure of oxygen across the skin when the skin is
heated to a pre-determined level (typically 43° to 44° C).
When the skin is warm, the transcutaneous oxygen value has
been found to closely approximate the blood value. 102,132
The test has limited reliability in the presence of infection
oredemaY2
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CHRONIC ARTERIAL INSUFFICIENCY

CHRONIC VENOUS INSUFFICIENCY

(Advanced)

(Advanced)

No edema

Skin shiny, atrophic

•

Edema

~

•
Brown pigment - - - - 

A

Ulcer of ankle - - 

B

Ulcer of toe
Pain

Intermittent claudication, progressing to rest pain

None to an aching pain on dependency

Pulses

Decreased or absent

Normal, though may be difficult to feel through edema

Color

Pale, especially on elevation; dusky red on
.dependency

Normal, or cyanotic on dependency. Petechiae, then
brown pigmentation appear with chronicity.

Temperature Cool
Edema

Normal

Absent or mild; may develop as the patient tries to Present, often marked
relieve rest pain by lowering the leg

Skin changes Thin, shiny, atrophic skin; loss of hair over foot
and toes; nails thickened and ridged (trophic
changes)

Often brown pigmentation around the ankles, stasis
dermatitis, and possible thickening of the skin and
narrowing of the leg as scarring develops

Ulceration

If present, involves toes or points of trauma on feet If present, develops at sides of ankle, especially medially

Gangrene

May develop

Does not develop

FIG. 24-1 Characteristics of chronic insufficiency of (A) arteries and (B) veins. (From Bates B: Guide to
Physical Examination and History Taking, ed 4. Philadelphia, JB Lippincott, 1997. Used by permission.)

Arteriography is the most invasive of the evaluative pro
cedures and is usually reserved for patients for whom vascu
lar reconstructive surgery is contemplated. Arteriography re
quires the injection of radiopaque dye into an artery with
subsequent radiographic visualization of restrictions to the
flow of dye through the arteries. This is considered to be a
very reliable method of evaluating the specific location and
severity of the vascular occlusions.

General Treatment Approaches
When the dermal wound is triggered by arterial insuffi
ciency, improving arterial circulation as well as eliminating
risk factors for delayed wound healing (see Box 24-1) take

priority. Arterial bypass surgery, endarterectomy, and percu
taneous transluminal angioplasty with or without placement
of endovascular stent are frequently utilized. 141 Arterially in
sufficient chronic dermal wounds do not usually occur until
the occlusion is severe, potentially threatening limb viability.
If the ABI is less than 0.45 or substantial gangrene is present,
the probability of wound healing with conservative inter
vention is low. Therefore, surgical intervention for the re
establishment of blood flow through the occluded segment
usually takes precedence at this time. Surgical intervention is
the treatment of choice if the patient has no substantial con
traindications to surgery and the location of the occlusion is
amenable to this intervention. 50,141 These procedures com
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TABLE 24-3

SUMMARY OF PHYSICAL THERAPY MODALITIES FOR WOUND HEALING
ExPECTED TREATMENT OUTCOME
PHYSIOLOGICAL EFFECTS
THERAPEUTIC MODALITY

TREATMENT GOALS

OF MODALITY

Low-intensity electrical
stimulation

Augment wound healing
~ Wound infection

Compression devices
Dressings
Elastic bandages
Elastic stockings
Pumps

Wound and limb edema
tWound nutrition

Whirlpool

Clean wound and prepare
for debridement
Ease wound dressing
removal

Nonthermal ultrasound

Augment wound healing

Hyperbaric oxygen
Total contact
casting/walking splint

tWound nutrition
High plantar pressures
to allow safe PWB gait
Enhance wound healing

Consensual heating of
low back

tBlood flow to feet

Patient! care-giver
education

Maximize wound healing
Prevent wound
recurrence

Stimulate endogenous
bioelectrical activity
Bactericidal
tLymphatic and venous return
Tissue colloid osmotic
pressure
Normalize fluid dynamics
tFibrinolytic activity at wound
margins
Water agitation helps remove
debris, topical medications
residue
Softens necrotic, adherent
tissue and bandages
Accelerates or reactivates
normal wound-healing
process
t02 saturation at the wound
Redistributes plantar pressures
to unload high-pressure
areas
Immobilizes irritated tissues to
foster healing
Minimizes deconditioning by
allowing ambulation
Induces reflex vasodilation of
distal blood vessels by
temperature of low back
Patient and/or care-givers able
to take an active role in
achieving wound healing
and preventing wound
recurrence

t

t

t

ARTERIAL

VENOUS

PRESSURE

+

++

++

NI

++

+""

+t

+:J;

+:f:§

+

+

+

+

NEUROPATHIC

+

+

+

NI

N1

NI

++

+

NI

NI

NI

++

++

++

++

'Compression dressing if wound edema is present.
tUse compression devices if limb edema is present.
t Use neutral water temperature.
§Avoid dependent limb position.
+ = some, but limited, evidence of positive outcomes; + + substantial evidence of positive outcomes; ? = insufficient evidence to determine outcome; N1
indicated for this wound type; PWB = partial weight bearing.

modality is not

monly provide at least temporary circulatory patency (l to
3 years). If surgery is contraindicated or has proven unsuc
cessful, a sympathectomy is often used to inhibit vasorestric
tive tone in the lower extremities.

cers caused by arterial insufficiency. Also, patient and care
giver education in wound care and prevention of reinjury
are essential components of any intervention.

Physical Therapy Intervention

CHRONIC DERMAL WOUNDS FROM
VENOUS INSUFFICIENCY

A number of physical therapy interventions may be used in
the attainment of treatment goals (Table 24-3). Low-inten
sity electrical stimulation for tissue repair (ESTR) applied
directly over the wound may augment normal healing and
decrease wound infection. Whirlpool at neutral skin temper
ature will assist in wound cleaning and debridement. Hot
packs placed over the low back may reflexly enhance blood
flow to the feet. There is some, but limited, evidence that hy
perbaric oxygen therapy (HBO) will enhance healing of ul

Epidemiology
Fitzpatrick notes that "chronic venous insufficiency (CVI) of
the legs is one of the most common medical problems in
the elderly:'7o Coon and colleagues in a 1973 study found
that CVI affected 7 million people in the United States and
that more than 500,000 of these individuals suffered from
chronic ulcerations of their lower extremities. 46 Venous ul
cers make up between 70% and 90% of all ulcers of the foot

-------------
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and lower leg. 77 Predisposing factors for the development of
CVI are a history of thrombophlebitis, family history of ve
nous insufficiency, and trauma. 4,7
Unlike ulcers of arterial origin, venous ulcers rarely lead
to limb amputation. However, venous ulcers tend to be very
chronic problems, with a high incidence of recurrence. 4•111
The ulcers are easy targets for infection. The decreased
movement of blood through venous varicosities and incom
petent valves increases the risk of acute thrombophlebitis
with its potentially life-threatening consequences.
In a comprehensive study of the population of Goteborg,
Sweden, 1377 patients sought medical care for leg or foot ul
cers in 1980. 77 At least 700/0 of these ulcers were believed to
be of venous origin. The median age of the patients with ul
cers was 73, and the majority was women. Men developed
ulcers on average 5 to 10 years earlier than women. The in
cidence of ulcers increased rapidly with increasing age-l 0/0
of the 70-year-old population compared with 5% of the
90-year-old population. The Goteborg study also indicated
that patients with ulcers had double the mortality rate of
matched individuals without ulcers, primarily due to a higher
than-average rate of ischemic heart disease in those patients.

Etiology
In the lower extremities, the venous system is made up of
deep, superficial, and communicating (also called perforat
ing) veins. In general, blood from the superficial veins re
turns to the heart by flowing through the communicating
veins into the deep veins and is prevented from flowing
backward by the bicuspid venous valves, which allow blood
only to move toward the heart. Typically, competent venous
valves can withstand 200 mm Hg pressure without allowing
retrograde blood flow. 143
Unlike arteries, veins have very little smooth muscle.
Therefore, active venous constriction is minimal. Veins also
have a lower resistance than arteries to passive dilation from
elevated local blood pressure. Movement of venous blood is
dependent on blood flow pressure gradients and external
compression of the deep veins by contraction of the calf
muscles, particularly when the legs are in the dependent po
sition. Competent venous valves are essential in controlling
the unidirectional flow of blood toward the heart.
When the calf muscles contract, the deep veins are con
stricted and push the blood in them toward the heart. Relax
ation of the calf muscles allows reopening of the deep veins,
which provides a low-resistance pathway for blood to be
drawn from superficial into deep veins.4.34 During active calf
muscle contraction, the blood pressure in the superficial
veins drops from its normal value of 90 mm Hg with quiet
standing to 20 to 30 mm Hg.34 Damage to a venous valve
may make this blood flow pattern ineffective, thus allowing
blood to move in both directions. 1M This abnormal blood
flow pattern results in unremitting hypertension in the af
fected superficial veins.
This unremitting hypertension leads to a "stretching" of
the interendothelial pores of the venules (Fig. 24-2). With an

increase in the size of these pores, larger molecules are al
lowed to diffuse out of the vein, changing the colloidal os
motic pressure gradients with resultant interstitial edema. 4,34
The chronic presence of interstitial edema sets the stage for
the development of a non-healing wound.
The traditional belief that venous ulcers result from inad
equate oxygenation due to blood stagnation/s although still
taught, was proven incorrect many years ago. 33,34 Indeed,
blood flow in the area of a chronic venous wound is generally
good. Rather, the ability to diffuse nutrients and waste prod
ucts into and out of the wound area appears impaired. 4 ,g,34
The exact cause of decreased diffusion across the venous
ulcer is unclear. There are several theories, all with some sup
port but no definitive answer. One theory implicates the
diffusion of large-molecule fibrinogen into the interstitial
space/·33•34 Sustained venous hypertension fosters a gradual
build up of fibrin, which forms a pericapillary fibrin cufU
This fibrin cuff impedes diffusion across capillary mem
branes. Another theory is commonly called the "white blood
cell trapping theory." With sustained venous hypertension
and decreased diffusion across capillary membranes, white
blood cells become trapped. These blood cells are 2000 times
stiffer than red blood cells, forming a neutrophil barrier in
the microcirculation. 8 Additionally, when "trapped;' the white
blood cells release potent proteolytic enzymes that are in
tended to stimulate a healing inflammatory response. How
ever, excessive amounts of the enzyme are released, accord
ing to the theory, which results in capillary tissue damage
and subsequent wound development and delayed wound
healing. 4 ,g,143 Much work still needs to be done to better de
lineate the underlying cause of non-healing venous ulcers.

Clinical Examination for Venous Insufficiency
The International Consensus Committee on Chronic Ve
nous Disease has recently agreed to a clinical classification of
chronic venous disease that uses four different classifications
of the ulcer: clinical description, etiology, anatomical, and
pathophysiology. 18 The signs and symptoms of CVI are out
lined in Fig. 24-1. The most common site of ulcer develop
ment is just above the medial malleolus. Typically, the ulcer
is shallow, irregularly shaped, and persistent and often be
comes worse with prolonged walking or sitting with the legs
dependent.

Tests for Venous Insufficiency
Strain gauge plethysmography, air plethysmography, and
photoplethysmography are noninvasive procedures tradi
tionally used to provide objective assessment of venous valve
competence. 18,n.m However, these tests have limitations in
their ability to provide specific information about the exact
location or extent of the venous problem. With increasing
frequency, duplex Doppler ultrasound, particularly with
color-flow Doppler scanning, is being used for non-invasive
assessment of the peripheral venous system. This test can
detect both the anatomical distribution of a blockage or
narrowing as well as the severity of venous reflux in spe
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cific veins. 8,18,64,92 The test is still not 100% accurate but
does increase specificity and accuracy over plethysmography
techniques.
Continuous Doppler ultrasound provides a simple and
quick screening for both arterial and venous insufficiencies
and is often part of a routine vascular assessment. Typically,
a significant finding with continuous Doppler is an indica
tor for further, more-sophisticated assessments. Since stud
ies have demonstrated that approximately 20% of patients
with peripheral venous disease also have peripheral arte
rial disease, screening for arterial insufficiency should be a
standard part of the assessment of the patient with venous
dysfunction.92
If surgical intervention is contemplated, then the more
invasive venography is performed. The injection of ra
diopaque dye into the vein is followed by radiographic visu
alization of the vein. This technique outlines the exact loca
tions of occlusions and valve incompetencies.
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General Treatment Approaches
Decreasing superficial venous hypertension is the key to pre
venting and healing venous ulcers. Queral and Dagher cau
tion that "CVI of the lower extremities, leading to ulceration,
is largely an incurable disease. However, treatment is possi
ble and amelioration of the ulcer and the insufficiency is
achievable."12l
Conservative management of a CVI ulcer focuses on
strategies to decrease limb edema. Complete bedrest with
the legs elevated will accomplish this goal, but this strategy
is neither practical nor safe for most elderly patients.74 The
use of various external compression devices when the legs
are dependent is effective for many individuals. Surgical
interventions to correct venous incompetency are occasion
ally used. Superficial vein ligation and stripping are the
most common surgical procedures used for incompetent ve
nous valves. B•12l Successful treatment is temporary, however,
unless the patient complies with strategies to minimize
lower extremity edema and hypertensive stress on a long
term basis.56

Physical Therapy Intervention
An array of treatment approaches summarized in Table 24-3
and discussed in detail later in this chapter are available to
the physical therapist to meet the goals outlined in the pre
ceding text. Edema may be controlled throughthe long-term
use of compression devices such as custom-fit or ready
made elastic stockings, standard or specialized elastic ban
dages, Unna's paste boots, and compression orthoses. In the
presence of moderate or severe edema, the use of an inter
mittent, or sequential, compression pump may be warranted
in addition to external compression garments or boots. 2
Use of these pumps is contraindicated in the presence of
marked arterial insufficiency, local infection, acute throm
bophlebitis, or lymph node infection.
Athermal (nonthermal) ultrasound has been used to en
hance the normal healing process. In selected cases, whirlpool

FIG. 24-2 Interendothelial pores of capillaries. AI> theorized by
Browse, these pores can be stretched by prolonged, increased capil
lary pressure, thus allowing plasma proteins to escape into intersti
tial fluid. (From Sherwood L: Fundamentals of Physiology: A Hu
man Perspective. St Paul, Minn, West Publishing, 1991. Used by
permission.)

may be beneficial to soften eschar before debridement or to
clean the wound. Whirlpool should be used judiciously,
however, to avoid increasing lower extremity edema and
should not be continued once the wound is clean and de
brided. Hyperbaric oxygen also has been used successfully to
treat CVI ulcers.
Complete bedrest with limb elevation fosters wound
healing, but this is neither practical nor safe for most elderly
persons. The use of compression devices combined with fre
quent bouts of limb elevation is considered the hallmark of
wound healing in CVI.

PRESSURE (DECUBITUS) ULCERS

Epidemiology
There is little doubt that pressure sores are a major problem
confronting health practitioners in nearly every geriatric set
ting in the United States. Eighty-two percent of patients with
decubitus ulcers are older than 70 years. l46 Prevalence esti
mates of pressure ulcers in the nursing home population have
ranged from as low as 2.6% to as high as 24%.29 In a study
that included 19,889 nursing home residents in 51 nursing
homes, Brandeis and colleagues found that 17.4% of the resi
dents had pressure ulcers upon admission; 11.3% of the ulcers
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were classified as stage 2 or worse. 29 This figure contrasts
with an 8.9% prevalence of pressure sores among residents,
which included 6.8% of residents with ulcers classified as
stage 2 or worse. The presence of a pressure sore upon ad
mission is an important clinical finding with grave implica
tions. Berlowitz and Wilking found that patients who were
admitted to a nursing home with a pressure sore were nearly
twice as likely to die within 6 weeks of admission as patients
who did not have a similar lesion upon admission. 20 In an
other study of almost 5000 nursing home residents, Spector
and colleagues concluded that the following factors signifi
cantly related to having a pressure ulcer: older age; being a
male, nonwhite, or unable to bathe; needing help to transfer;
wearing a catheter; experiencing fecal incontinence; being
confined to bed; having been recently hospitalized; and hav
ing no rehabilitation potential. 137
Decubitus ulcers are not confined to nursing homes. In
deed, in the majority of persons (57% to 60%) who develop
pressure ulcers, the ulcer first developed in the acute care
hospital. Estimates of the prevalence of pressure ulcers in
acute care settings varies from 2.5% to 29.5%.5.142 Some evi
dence suggests that a number of factors influence the devel
opment of pressure sores in hospitalized elderly: fractures,
fecal incontinence, hypoalbuminemia, and cognition.s Pres
sure ulcers can involve intensive therapeutic efforts by a
multiplicity of professionals. The costs of total patient care
for treatment of these lesions have ranged from $4,000 to
$40,000, depending on the stage of the wound. 29

Etiology
Prolonged pressure and shear forces, particularly over bony
prominences, can impair blood flow, leading to tissue is
chemia and ulcer formation. 19.51 The duration of the pres-

WEIGHT

sure load, degree of accompanying shear forces, and general
health status of the patient have substantial impact on the
amount of pressure needed to provoke ulcer formation.19
Normal capillary pressure ranges from 20 to 35 mm Hg.19
Individuals with normal circulation can tolerate prolonged
pressures much higher than 35 mm Hg without tissue dam
age. Part of the reason for this is that the pressure through
the capillaries can increase up to diastolic levels in response
to an outside pressure stress.83 The skin, in particular, with its
inherent ability to shunt blood, has a high tolerance for
anoxia. However, in the presence of shearing forces, which
cause a distortion of small blood vessels, less external pres
sure is needed to occlude blood flow. 67 A very common
source of shear force is lying in bed with the head of the bed
elevated, particularly at an angle greater than. 45 degrees
(Fig. 24-3). In this position, the skin overlying the ischium
and sacrum stays in one position, and the underlying tissue
moves in response to the forces of gravity and the weight of
the body.
Deeper structures are more susceptible than the skin to
ischemic damage in response to high shear forces. 19.m This
often results in an ulcer that, although small in appearance,
has a deep sinus tract. It is estimated that the typical pres
sures exerted by lying on a bony prominence will cause
tissue damage within 2 to 6 hours.126 Damage may occur
sooner in the high-risk, frail individual. 17 Common risk fac
tors for the development of pressure ulcers are identified in
Box 24-2. Advanced age, per se, does not increase one's risk
of developing a pressure ulcer, but many chronic conditions
common to old age commonly place older people in a high
risk category.19.107 Additionally, normal skin changes of ad
vanced age, such as decreased extensibility of the skin and
decreased skin blood flow, may compromise the tissue's abil
ity to adapt to a compressing force. 49
Schubert has implicated low systolic blood pressure, par
ticularly prevalent in ill individuals older than 70 years, as
an additional risk factor for the development of pressure
ulcers. 130,131 In ill elders, lower systolic pressure was signifi
cantly correlated to low peak skin blood cell flux and a
slower circulatory recovery after occlusion. This suggests

sua·

CUTANEOUS
TISSUE

tends to
move

down
1.
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4.
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FIG. 24-3 Shear forces occurring when lying in bed with head of
bed angled up. The skin overlying the trunk remains stationary as
the body shifts downward, resulting in torsion of underlying tissue,
including blood vessels. (From Fernandez S: Physiotherapy 1987;
73:451. Used by permission.)

6.
7.
8.
9.
10.

Immobility
Decreased sensation
Muscle atrophy
Decreased circulation
Positioning allowing high shear forces
Poor nutritional status
Incontinence
Site of a previous ulcer
Edema at the site of increased pressure
Anemia
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that low blood pressure may be an important risk factor for
the development of a decubitus ulcer in the frail elderly
patient.

Clinical Signs and Symptoms
ofDecubitus Ulcer Formation
Pressure ulcers do not occur spontaneously. At least one and
often multiple risk factors for pressure ulcers are present (see
Table 24-5). The patient who develops a decubitus ulcer is
usually ill and probably has limited mobility, often including
limited bed mobility. Sensory loss or decreased cognition
may impair the patient's awareness of excessive pressure.
Skin redness over areas exposed to pressure, particularly
bony prominences, may indicate damaging pressure levels. A
transitory hyperemic response occurs any time pressure is
removed from the skin. Normally, this redness should disap
pear within 1 hour.17 Redness that lasts longer suggests a
stage 1 decubitus ulcer (see Table 24-1). Because of the ten
dency for damage in deep structures before superficial struc
tures, the presence of prolonged hyperemia, even in the ab
sence of observable tissue damage, should be taken very
seriously. The potential damage beneath the skin may be
very difficult to identify. Areas at greatest risk of pressure ul
ceration are illustrated in Fig. 24-4.
The Norton Scale, first proposed in 1962, and the Braden
scale, described in 1988, are commonly used tools to assess
the extent to which an individual is "at risk" of developing a
pressure ulcer.28,113 The Norton scale provides a numeric
score between 1 and 4 for each of five factors: physical con
dition (very bad to good), mental condition (stupor to
alert), activity (bed to ambulant), mobility (immobile to
full), and incontinent (doubly to not). A lower score indi
cates a greater risk of pressure ulcer. A score of 16 indicates
"onset of risk;' and score of 12 or less indicates "high risk."113
The Braden scale also provides a numeric summary of "risk
of pressure ulcer." This scale has six factors, each with a fairly
detailed written description of characteristics of each score
within each factor. The factors included in the Braden scale
are sensory perception, moisture, activity, mobility, nutri
tion, friction or shear.28 The test forms, with further descrip
tions, have been collected by Sussman and Bates-Jensen. 14o
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tions of this technique are that it only measures very super
ficial skin blood flow and it is not readily available in clini
cal settings.
If arterial or venous insufficiency is suspected, the vas
cular tests identified in previous sections of this chapter
should be performed. No evaluation technique is clinically
avail-able to reliably measure the shear forces that are
strongly implicated in tissue breakdown, particularly at the
sacrum and ischium.

General Treatment Approaches
The key to preventing decubitus ulcers and reversing the de
layed wound healing associated with them is pressure relief.
The patient or the care-givers need to ensure frequent posi
tioning changes and consistent use of the appropriate pres
sure-relieving cushions and mattresses prescribed for the pa
tient. A summary of the various pressure-relieving devices,
with discussion of the benefits and drawbacks of each, is dis
cussed in detail by Rappl.I22
As with other types of ulcers, the factors that may delay
wound healing need to be addressed if a healthy wound en
vironment is to be achieved (see Box 24-1). If the patient's
medical condition will support involvement in a muscle
strengthening program, consequent increases in muscle
mass may assist in decreasing the threat of decubitus forma
tion as well as in increasing mobility.

Objective Evaluation ofDecubitus Ulcer Risk
Few clinical tools are readily available to measure the ef
fects of external pressure on blood flow through the in
volved tissue. Laser Doppler fluxmetry, which measures
microcirculatory changes, may be of some value. This de
vice measures the number of skin blood cells in a given
portion of skin. Skin blood cell flux (SBP) is defined as "the
product of the number of skin blood cells and their veloc
ities within the measuring volume." 130 When this technique
is applied, blood flow is temporarily occluded, and when
pressure is released, the rate of blood-flow change is mea
sured. This technique can identify individuals with slug
gish postpressure responses and low occlusive pressures,
which may help to identify high-risk patients. The limita

FIG. 24-4 Areas at greatest risk for pressure ulcer formation.
(From Fernandez S: Physiotherapy 1987; 73:450. Used by per
mission.)
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Physical Therapy Intervention
Patient and care-giver education is an important primary in
tervention. Thorough instruction in proper positioning pro
cedures to avoid excess time in one position and effective use
of individualized pressure-relieving devices are essential.
Since immobility is a major contributing factor to pressure
ulcers, all patients who are capable should receive therapeu
tic exercise and functional training to maximize their ability
to move, thus decreasing the time periods of sustained tissue
pressure. Even small improvements, such as improving the
patient's ability to roll from side to side, can be very benefi
cial. Low-intensity electrical current or non-thermal ultra
sound may be used to enhance wound healing. Whirlpool
may be used for wound cleaning and debriding.

NEUROPATHIC PLANTAR ULCERS
Neuropathic plantar ulcers are a special category of pressure
ulcer. These ulcers do not develop in response to prolonged
periods of maintained pressure, as with decubitus ulcers.
Rather, these ulcers develop in response to repetitive pres
sure stresses on weight-bearing surfaces of the foot in per
sons with peripheral neuropathy.

Epidemiology
The vast majority of plantar ulcers occur in persons with di
abetes mellitus (DM).38,133 The National Center for Health
Statistics identifies diabetes mellitus as one of the five most
common chronic diseases of persons older than 65 years. 78
The incidence of DM gradually increases with increasing age
until about age 65, when it levels off to 9.3% of the popula
tion/a The prevalence of DM in the elderly black and His
panic populations is, however, as high as 20% to 24%.
The increased prevalence of DM in the older population
combined with the long time period between onset of dis
ease and onset of neuropathic changes increases the proba
bility that plantar ulcers will be most evident in old age. Foot
pathologies associated with DM are frequently responsible
for long periods of inactivity, illness, hospitalization, and
limb amputation. 7a,9a,133 An estimated 25% of persons with a
lO-year history of DM and 50% of persons with a 20-year
history of DM have distal neuropathic changes, Distal
neuropathy and impaired peripheral circulation often co
exist in individuals with long-standing diabetes. 53 ,61

Etiology
Repetitive mechanical stress on weight-bearing structures of
the insensitive foot is the primary precipitating factor in the
development of plantar ulcers. 22 ,134 A lack of protective sen
sation in the foot impedes the individual from sensing ex
cessive plantar pressures during ambulation.
Normal foot biomechanics allow considerable force to be
safely placed across the foot because weight-bearing forces
are distributed over a large surface area. In a normal upright
posture the body's weight rests primarily on the heel and the
five metatarsal bones, with the midfoot and great toe assum

ing a lesser amount of weight and the four smaller toes as
suming very little weight. 40
If biomechanical abnormalities exist, the weight-bearing
surfaces may become malaligned, leading to abnormally
large loads being carried over small surface areas. Individ
uals with intact sensation feel discomfort from these ab
normal weight-bearing forces and alter their gait or their
footwear to relieve this repetitive mechanical stress. How
ever, the person who lacks protective sensation will, un
knowingly, continue to submit the foot to these excessive
stresses, thus placing the foot at risk for injury. Even minor
biomechanical abnormalities can, over time, lead to substan
tial trauma in the person with neuropathy. The metatarsal
heads and the great toe are common sites of increased plan
tar pressures and ulceration. 22 ,12o,B4
Foot deformities and biomechanical abnormalities are
common in diabetic patients and may arise from many
sources. Motor neuropathy may accompany sensory neu
ropathy, leading to weakness in the intrinsic and extrinsic
muscles of the foot.47 Resultant muscle imbalances foster the
development of deformities such as claw and hammer toes,
both of which increase pressures under the metatarsal
heads. 26,27,82,139 Foot deformities associated with age-related
biomechanical dysfunction may also be present in this
population and may include hallux valgus, hammer toes,
plantar-flexed first ray, and pes planus. 62 These deformities
are commonly associated with increased pressure over the
metatarsal heads and the great toe.
Decreased range of motion (ROM) in the ankle is com
monly observed in the elderly person with DM. Decreased
joint flexibility will alter dynamic joint movement, possi
bly leading to abnormal weight-bearing pressures during
gait. 109,1I0 Hallux limitus has been associated with high pres
sures under the great toe and ulcers of the great toe. 21 De
creased dorsiflexion and subtalar joint movement have been
implicated in increased forefoot pressures and history of
plantar ulcers in patients with peripheral neuropathy.l09
The risk of ulceration is further enhanced by changes in
the forefoot fat pad. Foot deformities, such as claw and ham
mer toes, often result in distal slippage of the fat pad. Good
ing and colleagues found that patients with DM have signif
icantly thinner forefoot fat pads than age-matched subjects
without diabetes,13 These changes result in decreased cush
ioning over the metatarsal areas most likely to be exposed to
high plantar pressures.
Autonomic neuropathy is also implicated in increased
risk of ulceration. The patient with an autonomic neuropa
thy lacks natural skin hydration, resulting in skin that is very
dry and easily fissured. The autonomically denervated limb
will be unable to "deactivate" the arteriovenous shunting
mechanism. This neuropathic change is believed to be the
mechanism responsible for the fivefold increase in foot
blood flow reported by Archer and colleagues in their study
of persons with nonpainful autonomic denervation of the
foot. 10 Despite this high blood flow, the adequacy of local tis
sue nutrition is unclear because the blood is being shunted
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through the arteriovenous system and away from the nutri
tive capillaries. 10•133 A secondary complication of this high
blood flow is osteopenia, resulting in increased risk of neu
ropathic fracture at the foot. This is a very serious complica
tion of autonomic neuropathy that greatly compromises the
individual's ability to ambulate.
Persons with DM have a risk of large-vessel occlusion
similar to that of age-matched persons without diabetes.
However, atherosclerosis in medium-sized vessels, particu
larly the tibial and peroneal, occurs much more frequently
in persons with DM than in nondiabetics. 82 •84,133 In contrast
to traditional teachings, little evidence exists that blood flow
compromise in the foot is related to microcirculatory dis
ease. 98,133 Circulatory compromise in the foot appears to stem
primarily from compromised blood flow through the per
oneal and tibial arteries, not from microcirculatory changes. 98

Clinical Signs and Symptoms
ofNeuropathic Ulcer
Signs of high plantar pressure may include localized areas
of increased warmth, redness, discoloration, hematoma, cal
lous formation, or swelling, particularly if these changes oc
cur on a weight-bearing surface. A traumatized area may
have a "boggy" feeling to it. An overt ulcer may be superficial
or deep and mayor may not involve tissue necrosis. The ul
cer may be open or covered with a scab, eschar, or thick cal
lus. A large callus overlying the ulcer may mask underlying
tissue damage. Removal of the callus is necessary to ade
quately evaluate the underlying tissue. 133 Wagner's six-stage
classification system is often used to categorize the severity
of plantar ulcers (see Box 24-2). The patient should also be
evaluated for signs of autonomic dysfunction, including in
creased warmth and redness of the entire foot; very dry,
cracked skin; and loss of sweating in the foot.

FIG. 24-5 Correct pressure to use for testing protective sensation
using Semmes-Weinstein monofilaments. Note the "C" curve of the
filament and the positioning of the filament perpendicular to the
skin surface.
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Tests for Neuropathy and High Plantar Pressure
The presence of protective sensation can be reliably measured
using Semmes-Weinstein monofilaments. 53 .93 These thin ny
lon monofilaments are calibrated according to the force re
quired to cause them to buckle when they are briefly pressed
against the skin at a right angle to the skin (Fig. 24-5). The
thinner the filament, the lower the monofilament number
and the lower the force needed to induce buckling. The thin
ner filaments are, therefore, considered more sensitive. Pro
tective sensation in the foot is considered absent if an indi
vidual cannot feel the 5.07 monofilament. 22 Monofilament
testing should be performed at several sites on the foot, with
emphasis on areas exposed to high weight-bearing pressure
(Fig. 24_6).22.93
Motor nerve conduction velocity testing, described in
most basic electrotherapy texts, can provide important in
formation regarding the state of innervation of the muscles
of the foot and, therefore, the practicality of potential
muscle-strengthening programs and risk of foot deformity.
Muscle testing, ROM testing, and biomechanical evaluation
of the foot should all be included in the evaluation of the in
sensitive diabetic foot. If an ulcer is not present, then a care
ful gait analysis, both static and dynamic, should be per
formed. This evaluation should focus on identifying any gait
abnormalities, subtle or obvious, that may predispose the
patient to areas of high plantar pressures. If the patient with
an insensitive foot currently has a plantar ulcer, the gait eval
uation must be deferred until the ulcer is healed or until an
acceptable pressure-relieving device is in place.

FIG. 24-6 Sites to test for protective sensation when using
Semmes-Weinstein monofilaments. (From Birke J, Sims D: The in
sensitive foot, in Hunt G led]: Physical Therapy of the Foot and An
kle. New York, Churchill Livingstone, 1998. Used by permission.)
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Qualitative assessment of high plantar pressure can be
obtained with an inexpensive ink mat. An ink impression
is obtained when the patient stands on a three-layered
mat. The top layer is dry and does not absorb any ink. The
middle layer contains an even layer of ink. The lower layer is
a clean paper surface onto which the ink impression is made.
The greater the pressure, the darker the ink impression.
Presently, quantitative measurements of plantar pressures
are performed primarily with research-focused, expensive
equipment not readily available in most clinics. Micro
processor-controlled imaging systems are used to provide a
computer-driven visual image of the forces a person places
across an illumination plate, or force transducer, as the per
son stands or walks across the device. 26,4o With improve
ments in computer technology it is realistic to anticipate the
development of a relatively inexpensive and "user-friendly"
computer-assisted pressure measurement device that can be
used for patient assessment of plantar pressure sites in gen
eral clinical practice.
If there is any indication of concurrent arterial or venous
insufficiency, then vascular testing, as described in previous
sections of this chapter, should also be obtained.

General Treatment Approaches
As with other ulcers, wound care is the first step in the care
of a plantar ulcer. The wound must be clear of infection,
necrotic tissue, and excessive callous formation for healing
to progress. 138 Plantar pressures must also be substantially
decreased. This can be achieved by placing the patient on
complete bedrest, by allowing ambulation but with a strict
non-weight-bearing (NWB) status, or by using an external
limb-support device, e.g., cast or walking splint. 22,24.74.95.114
External support will substantially decrease the pressure
over the ulcer site and decrease movement at the foot and
ankle while allowing the patient to partial weight bear on
the foot.
Each approach has benefits and drawbacks. If the patient
complies with strict bedrest, the ulcer will usually heal and
ulcer changes can be monitored easily.43 However, the nega
tive physiological effects of bedrest are well-documented,
and elderly patients in particular are vulnerable to these neg
ative effects.
Allowing ambulation but requiring a strict NWB status
will also foster wound healing, allow the wound to be easily
monitored, and eliminate the need for bedrest. However,
even short periods of unprotected weight bearing may delay
healing. If the patient lacks the physical strength, balance, or
determination to remain strictly non-weight bearing, this
treatment approach may fail.
Total contact casting (TeC) is an effective wound-healing
approach for many patients with neuropathic ulcers.95 The
primary drawback is the inability to inspect the ulcer visu
ally at frequent intervals. A walking splint or a cutout shoe,
which allow frequent inspection of the skin, may be more
beneficial for patients with substantial circulatory compro

mise. The drawback of these latter devices is the higher risk
of shearing and friction forces with weight bearing due to
the less precise fit of these devices.

Physical Therapy Intervention
Physical therapists are often involved in the evaluation for
and fabrication of external pressure-relieving devices such as
Tee, walking splints, and cutout shoes. The fabrication of
these devices, particularly the Tee, requires a great deal of
training and practice.24 The entry-level physical therapy
practitioner should understand the principles behind Tee,
recognize appropriate patients for this approach, and effec
tively communicate this information to other members of
the health care team. Fabricating Tee is an advanced clini
cal competency.
As with other types of ulcers, a team approach is needed
to adequately treat these patients. Preventing infection, en
suring adequate nutrition for ulcer repair and control of di
abetes, removing calluses and adherent eschar, maximizing
distal circulation, ensuring compliance with recommended
weight-bearing status, providing patient education opportu
. nities, prescribing and fabricating protective footwear and
orthotics, and providing gait training will be a joint effort of
many health professionals.

PHYSICAL THERAPY INTERVENTIONS
TO AUGMENT WOUND HEALING
A wide variety of modalities are used by physical therapists
to treat patients with chronic dermal wounds. Each modal
ity is focused on one of two overall goals: (1) to directly
amplify the body's natural healing process or (2) to elimi
nate factors that block the activity of the body's natural
healing processes, e.g., wound infection and inadequate
wound nutrition.

Electrical Stimulation of the Wound Site
For many years, low-intensity ESTR has been advocated for
the augmentation of wound healing, regardless of the un
derlying cause of the ulcer. Several studies, each using slightly
different pulse generators, have demonstrated the substan
tial benefit that accompanies this intervention. 3,16,39,66,71,89,152
Despite the demonstrated effectiveness of ESTR, adoption of
this technique by clinicians has been slow. Physical therapists
are appropriate health care professionals to introduce this
technology to the health care community and establish the
scientific credibility of the technique.
In Wolcott and co-workers' classic study, 20 elderly pa
tients with ulcers from either arterial or venous insufficiency
received ESTR. 149For these 20 patients, the median decrease
in ulcer size was 100% for the patients with venous insuffi
ciency and 96% for those with arterial insufficiency. In both
cases, these previously non-healing ulcers healed at a rate of
14% per week once the electrical stimulation was begun. Re
searchers who used similar protocols at a later date reported
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even more rapid healing rates.39.71.89 Carley and Wainapel
tested Wolcott's protocol using a matched-control design in
which control subjects received sham electrical stimula
tion. 39 They found that the 35.6% per week healing rate of
patients in the electrically stimulated group was twice that of
patients in the sham treatment group.
Kloth and Feedar, using a well-controlled design, demon
strated that high-voltage pulsed stimulation (HVPS) at very
low output levels can be used successfully to heal stage 4 de
cubitus ulcers.89 In their study of 16 elderly patients, the
wounds in the electrical stimulation group healed com
pletely within 7.3 weeks, at an average weekly healing rate of
45%. During this same period, the wounds of subjects in the
control group increased in size 29%. In all these studies, both
experimental and control subjects received the same ulcer
care. Kloth states that pressure was relieved from ulcer sites,
a high-protein dietary supplement was used, wound tissue
was debrided as needed, and the wounds were kept clean and
free of infection.89 All wounds were debrided before electri
cal stimulation was initiated, and elimination of any wound
infection was the initial treatment priority. Baker and col
leagues found the rate of healing of chronic ulcers in patients
with diabetes increased twofold when an asymmetrical
biphasic electrical current was added to standard wound
care. 16 Treatment occurred 5 to 7 days per week for 30 to
90 minutes per day at an amplitude less than the muscle con
traction level. The underlying causes of the dermal wounds
were not identified in the study.
Although it is clear that electrical stimulation can be very
effective in wound healing, the ideal electrical stimulation
parameters remain elusive.72 A variety of parameters have
proven effective. One set of parameters, those used by Kloth
and Feedar in their recent examination of wound healing
with HVPS, is outlined in Table 24-4. 89 Most investigators
have used unidirectional current, either pulsed or uninter
rupted, both of which provide a means of controlling the
polarity of each electrode. The polarity of the electrical cur
rent is implicated in both augmentation of wound healing
and inhibition of infection. Placing the positive electrode
over the wound is generally believed more effective in aug
menting healing than placing the negative electrode over the
wound. In contrast, the negative electrode over the wound
may be more effective in inhibiting infection.31.32.136
The underlying rationale for enhanced tissue repair in re
sponse to ESTR is unknown, although many theories have
been proposed. Increased adenosine triphosphate (ATP)
production as well as enhanced cellular migration at the
wound site, increased collagen synthesis, increased wound
blood flow, and bactericidal effect have been reported in skin
wounds treated with electrical stimulation.6.16.41.88.112 Experi
mentally induced wounds treated with electrical stimulation
have been found to have a greater tensile strength in addition
to faster healing rates. 112
Regardless of the underlying triggering mechanism, the
effectiveness of the low-intensity current used with ESTR in

TABLE

24-4

PROTOCOL FOR ESTR UTILIZING
HIGH-VOLTAGE PULSED CURRENT
PARAMETER

PROTOCOL

Pulse rate
Intrapulse interval
Amplitude

105 pulses per second
50 Il-s
Sensory only; no muscle contraction
If serous drainage after 1 hour of
stimulation, increase amplitude
If bloody drainage after 1 hour of
stimulation, decrease amplitude
Continuous
45 minutes,S times per week
" + " over the wound for healing
"-" over the wound if infected
"Switch polarity" if healing plateau is
reached

Duty cycle
Treatment time
Polarity

Adapted from Kloth L. Feedar J: Phys Ther 1988; 68:503-508.

relmtIatmg stalled wound healing is consistent with the
Arndt-Schultz law of biological response:
Weak stimuli excite physiological activity, moderately strong stimuli fa
vor it, strong stimuli retard physiological activity, and very strong stim
uli arrest physiological activity.48

Compression Techniques
Control of edema is a major factor in attaining healing of
chronic lower extremity ulcers complicated by insufficient
venous function. 8,97 In the presence of venous insufficiency,
compression devices assist in decreasing interstitial fluid vol
umes. The pressure shift encourages the movement of fluids
and proteins from the interstitial spaces into veins and lym
phatics. There is less venous reflux, and the calf muscle
pump can work more effectively.104 This maintained external
_compression at the wound site also has been associated with
increased fibrinolytic activity at the wound, thus improving
wound nutrition. 35
Many devices have been used to provide controlled com
pressive forces to the lower extremity. Among these are a
variety of elastic bandages, ready-made and custom-fit gra
dient-pressure elastic stockings,Unna's boots, and intermit
tent pneumatic compression devices. 2.8,42,97.128.i29 Two recent
studies have found no relationship between patient age and
success of compression therapy for healing chronic venous
ulcers.97.128
The degree of compression needed and the patient's tol
erance and activity level dictate the specific device. Typically,
the goal of compression devices is to provide sufficient com
pression to overcome the existing excessive outward capil
lary pressure gradients, thus stimulating fluid resorption. 129
Devices using graded pressures, greater distally than proxi
mally, enhance this movement of fluids. For patients with
chronic venous insufficiency it is important that they con
tinue to wear a compression device even after the wound is
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healed. Typically, the underlying venous circulatory problem
that lead to a chronic ulcer still exists, and the maintenance
of external pressure when the legs are dependent is an essen
tial component of preventing recurrences. 128
The compression found in elastic compression stockings
varies from about 8 to 50 mm Hg at the ankle. A pressure of
30 to 40 mm Hg at the ankle with a 15- to 20-mm Hg de
crease proximally is common. A pressure of 40 to 50 mm Hg
may occlude blood flow in some. Very light compression
may be ineffective. If the edema and ulceration are limited to
the distal extremity, knee-high compression wrap may suf
fice. If the edema extends above the knee, full-length com
pression will be required.
Standard elastic wraps are inexpensive and fairly easy to
don but commonly do not provide appropriate levels of
compression. Standard elastic bandages can be applied too
loosely or tightly. These bandages frequently shift position
with limb movement, resulting in inconsistent pressure ap
plication. Ready-made compression stockings are convenient
and usually come in three to four "standard" sizes, thus with
limited range of patients for whom they are appropriate.
Standard compression stockings are much less expen
sive than custom-fit stockings. Custom-fit gradient
pressure stockings are often needed to obtain appropriate
amount and placement of compression. Although these
stockings provide a very precise fit, a common drawback of
the snug fit is the inability of the individual to don the stock
ings independently. This is particularly common in older
persons who may require higher levels of external compres
sion to counteract the venous hypertension. I35 Custom-fit
stockings are available in variety of pressures and with zip
pers for easier donning. 12B The development of very ab
sorbent hydrophilic dressing materials that can be used un
der the stocking has decreased, but not eliminated, the risk
of skin maceration. 63,124
In general, elastic compressive devices should be put on
before getting out of bed in the morning and taken off once
the patient is in bed at the end of the day. This ensures that

TABLE 24-5

COMPRESSION PUMP PARAMETERS
COMMONLY USED FOR VENOUS
INSUFFICIENCY WOUNDS OF
THE LOWER EXTREMITY
PARAMETER

INTERMITTENT PUMP

SEQUENTIAL PUMP

Compression

30-60mm Hg
(most often
30-40mmHg)
90 sec "on";
30 sec "off"

30-60 mm Hg (most often
30-40mm Hg)

Duty cycle

Treatment
time

1-3 hr, 2 to 3 times
daily

190 sec "on" with 60-sec
sequential inflation of
three areas: distal to
proximal; 50 sec "off"
20 min-2 hr, 2 to 3 times
daily

external compression is applied at all times when the legs are
in a dependent position.
Compression pumps are often needed in addition to gra
dient elastic stockings to enhance fluid resorption. 104 Two
different inflation modes are commonly available, single
and multiple-chamber compression. The single-chamber
unit inflates the entire chamber (distal and proximal por
tions) simultaneously. A newer variation, the multiple
chamber unit, inflates sequentially, beginning distally and
moving proximally. Evidence suggests that the sequential
mode of inflation results in more effective edema reduction
in a shorter time period than the single-chamber method. 2,104
Typical parameters for compression pumps used to treat
chronic venous insufficiency are listed in Table 24-5.

Total Contact Casting and Other Protected
Weight-Bearing Devices
Unna's boot, TCe, and a variety of walking splints and shoes
are available to allow selected patients with foot ulceration to
remain ambulatory while fostering wound healing. Unna's
boots are used primarily with patients with venous insuffi
ciency ulcers who have intact sensation in the foot, The
Unna's boot maximizes the muscle-pumping capability of
the calf by providing an unyielding surface against which
compressive forces on the interstitial tissues can develop.
Thus, each muscle contraction promotes effective pumping
of fluid into veins and lymphatics.
Unna's boot, first described more than 100 years ago, con
sists of a "nonstretchable, pliable, adhesive mold" that is ap
plied to the ulcered lower extremity somewhat like a cast.%
These boots are left on for days or weeks, and patients are al
lowed to partial weight bear on them. Contraindications to
the use of Unna's boot include large amounts of wound
drainage, wound infection, and arterial insufficiency. Unna's
boot eliminates the need for daily donning and doffing of
tightly fitting stockings and has been associated with more
rapid ulcer healing than custom-fit gradient-pressure stock
ings. 81 ,96 The major disadvantage is the inability to perform a
daily visual check of the wound for signs of skin irritation or
wound deterioration.
TCC is used primarily for the treatment of patients with
Wagner's stages 1 and 2 neuropathic plantar ulcers (see
Table 24-2). The goal of these devices is to redistribute the
weight-bearing forces across the foot and immobilize in
flamed tissues to allow healing to occur. The patient's lack of
sensation makes proper fit of these devices crucial.
The TCC contours the foot much more precisely than the
Unna's boot. Plaster is very carefully molded around the foot
and lower leg to conform very closely to the contours of the
limb, thus providing very even pressure distribution with
minimal shearing or rubbing forces. A rocker-bottom heel is
applied to the cast to minimize metatarsal pressure. This
type of casting was introduced to this country by Brand in
the 1960s for the treatment of plantar ulcers in patients with
neuropathy related to Hanson's disease (leprosy). This inter
vention has since been expanded to include patients with di

Chapter 24

CHRONIC DERMAL WOUNDS IN OLDER ADULTS

abetic neuropathy. The effectiveness of Tee in healing dia
betic neuropathic plantar ulcers has been demonstrated by
several researchers. 79,94,1l9,134 In these studies, 73% to 100% of
the ulcers treated with Tee healed completely within 5 to
6 weeks of initial casting. On average, these healed ulcers had
been present from 9 to 14 months before initiation of Tee
and had shown no evidence of healing. The lack of control
groups weakens these studies slightly. However, the complete
healing of ulcers of 9 to 14 months' duration within 5 to
6 weeks of the application of the Tee suggests that the in
tervention, not the passage of time, was the major influence
in these successful outcomes. Mueller and colleagues, in a
controlled clinical study, supported the hypothesis that Tee
is more effective than alternative conservative techniques in
the treatment of plantar ulcers yo Helm and colleagues re
ported a low ulcer recurrence rate (19.3%) over a 2-year pe
riod in patients treated with Tee and careful post-ulcer
reinjury prevention training. aD Nearly 50% of the ulcers that
did recur were attributed to patients' nonadherence to the
post-ulcer prevention plan.
The Tee is changed at least every 2 weeks. It is changed
more frequently if loosening, large amounts of drainage, or
damage to the cast is noted. For Tee to be effective, the cast
must fit very precisely, and the patient needs frequent fol
low-up and thorough training in care of the foot and cast.
Birke and co-workers sum up the goals of Tee as follows:
"The casts redistribute walking pressures, prevent direct
trauma to the wound, reduce edema, and provide immobi
lization to joints and soft tissue."24 A more detailed descrip
tion of the fabrication techniques for Tee are found in sev
eral publications. 22,24,43
Total contact casting is contraindicated for individuals
who have cellulitis, hypotrophic skin changes, infection, or
severe arterial insufficiency (NA index less than 0.45). Indi
viduals classified by Wagner as having stage 3, 4, or 5 ulcers
need medical or surgical intervention before Tee should be
considered. 24 Efforts should be made to decrease lower leg
edema before the application of a Tee.
For the patient for whom Tee is contraindicated, a cus
tom-molded walking splint may be appropriate. 23,24,55 This
splint follows the general principles of the Tee except that it
can be removed easily to check on the condition of the skin.
This advantage is tempered by the fact that the fit is not as
snug as the Tee, allowing more shearing forces on the ulcer,
which may impede healing.
Birke and co-workers also describe the use of a walking
sandal for patients with ulcers on the weight-bearing sur
faces of their toes. 24 These sandals remove pressure and shear
forces from the toes but are less successful in redistributing
weight throughout the foot and in decreasing joint move
ment at the foot and ankle. For selected patients, however,
these may be very valuable tools.
Any technique that allows continuation of walking while
the ulcer is healing is of great benefit to the elderly patient.
The detrimental effects of bedrest can be devastating, partic
ularly to an individual on the verge of frailty. The techniques
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of Brand, Birke, and Sims should be given strong considera
tion in the overall treatment of neuropathic plantar wounds.

Whirlpool
Whirlpool is commonly used to clean and debride wounds
because its agitation and moisture are believed to loosen, de
bride, and soften adherent eschar. Wet to dry dressings, often
used to facilitate the separation of eschar and thickened ex
udate, may be very painful to detach and may remove good
granulation tissue along with eschar. Soaking the wound in
the whirlpool before removal of dressings may greatly de
crease this discomfort. Antimicrobial agents can be added to
the water to help fight wound infection. Warm water is often
used to increase blood flow, induce relaxation, and decrease
pain. However, although widely used, almost no information
exists on which to judge objectively the effectiveness of
whirlpool for enhancing wound healing. Some precautions
to the use of whirlpool with chronic wounds, however, are
well-delineated.
In patients with severe arterial insufficiency, the whirlpool
temperature should not be raised above a neutral water tem
perature, 92° F to 96° F (33.5° e to 35.5° C). One must re
member that any modality that increases tissue temperature
also increases tissue metabolism, which increases the tissue's
need for oxygen. Typically, the body meets this increased
oxygen demand by vasodilation, thus increasing blood flow
through the tissue. Persons with severe arterial insufficiency
have inadequate blood flow at neutral tissue temperatures
and are unlikely to be able to meet this increased demand for
blood as tissue temperature rises. Thus, this increased meta
bolic demand may result in further tissue necrosis rather
than healing. In addition, the arterially insufficient limb will
allow greater local heat build up than normally perfused tis
sue because of the lack of insufficient blood flow to conduct
heat away from the local tissue.
Whirlpool also needs to be used cautiously for persons
with venous insufficiency. Placing a leg with chronic venous
hypertension into the dependent position, then inducing va
sodilation by circulating warm water around it, does not
make any sense physiologically. This activity will simply pro
mote further engorgement of the veins. For this same rea
son, Birke and Sims discourage use of whirlpool for neuro
pathic ulcers.22 In very limited situations, use of a large
whirlpool or Hubbard tank may be appropriate. However,
patient positioning in the tank should eliminate the depen
dent position, and a neutral water temperature should be
used. Readers are referred to entry-level texts on physical
agents for detailed descriptions of whirlpool application
techniques.90 ,lOB
Wound irrigation and wound lavage using either a low
pressure syringe system or a high-pressure lavage system
(with or without return suction) is becoming increasingly
popular to debride and clean wounds. 99 ,lo3 These systems,
which use jets of water (usually saline solution) rather than
a full whirlpool bath, allow greater selectivity of treatment
location. Areas needing debridement or sinus tracts needing
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cleaning can be focused on while healthy granulation tissue
is avoided. Typically, these devices take less time to set up
and clean than a whirlpool and have a lower risk of cross
contamination because most use disposable materials. The
more sophisticated units have a "return suction" feature that
collects the saline solution after it is ejected. These types of
devices have been used in surgery for years and in some spe
cialized burn units. Their popularity in basic wound care is
fairly recent, however. Clinically, many wound care special
ists are now using these devices frequently and anecdotally
reporting good results. However, there is virtually no pub
lished evidence of their general effectiveness or of the rela
tive effectiveness over traditional whirlpooL Much work is
needed in this area.

Nonthermal Ultrasound
Several researchers have found nonthermal ultrasound more
effective than sham ultrasound in enhancing wound healing,
particularly ulcers of venous origin.36.59.125 In general, how
ever, ultrasound appears to be less effective than several al
ternative treatment approaches. Three separate studies each
reported 33% to 35% decreases in wound size during a
4-week trial of 3-MHz, pulsed, nonthermal ultrasound at an
intensity of 0.2 to 1 W/cm 2 delivered to the periphery of the
wound for 5 to 10 minutes, 1 to 3 times weekly. However,
within the same time frame, other studies of the effects of
TCe, ESTR, Unna's boot, and compression garments plus
compression pumps all report much greater wound healing.
The 3-MHz, rather than the standard I-MHz, ultrasound is
purported by Dyson to be the most effective frequency for
dermal wounds because more energy is absorbed in super
ficial tissues. 58•59 Indeed, one study that concluded that
ultrasound was ineffective for wound healing used a
1-MHz frequency.IOo Parameters commonly identified as
effective for wound healing are listed in Table 24-6.
Ultrasound seems to enhance the patient's ability to move
through the inflammatory stage of repair. It does not inter
fere with the inflammatory stage, which Dyson reminds us is
the body's natural mechanism for stimulating and guiding
the tissue repair process, but rather it enhances the body's

TABLE 24-6

ULTRASOUND PARAMETERS COMMONLY
USED FOR CHRONIC DERMAL WOUNDS
PARAMETER

GUIDELINES

Frequency

3 MHz for stage 2 ulcers
1 MHz for stage 3 or 4 ulcers
0.2-1.0 W/cm 2
20% pulsed
1-2 min per area 1% times the size of the
soundhead; 3 times weekly
Around the edges of the wound or
directly over the wound with water
based occlusive dressing as conducting
medium

Intensity
Duty cycle
Treatment time
Treatment location

...

ability to use the inflammatory stage to stimulate repair. 58.59
In patients with normal wound hemodynamics, the use of
nonthermal ultrasound has been associated with a stronger,
more resilient wound scar. 59 The exact mechanism by which
this occurs, however, remains elusive.
Despite the fact that the impact of ultrasound on wound
healing may be less pronounced than with some other
modalities, there are advantages to this modality. The treat
ment time is very short (about 10 minutes), and treatment
frequency may be as low as 1 to 3 times per week. This tech
nique does not require enclosing the leg in a cast or boot for
long periods. It also does not require advanced skills to ap
ply the modality competently, and most patients find the
modality very comfortable. Systematic study needs to be un
dertaken to evaluate the possibility or combining nonther
mal ultrasound with other modalities to further enhance
wound healing, e.g., using custom-gradient elastic stockings
and intermittent compression devices daily plus ultrasound
3 times per week in the patient with chronic venous insuffi
ciency ulcers.
Much remains unknown about the effectiveness of ultra
sound for wound healing. The few studies to date have all ex
amined venous insufficiency ulcers. No reason was given in
any of these studies for the exclusion of ulcers from other
pathologies. Except for the recognition that very low inten
sities of current are preferable, very little information is
given to justify the arbitrary parameters used for treatment.
Much further work is needed to determine whether these are
the "best" parameters.

Hyperbaric Oxygen
Hyperbaric oxygen (HBO) has been used successfully to treat
venous insufficiency ulcers and decubitus ulcers but has a
low success rate with arterially insufficient ulcers.54.68.69.115
With this technique, the ulcerated limb is placed into a
pressurized chamber, and pure oxygen is circulated within
the chamber at a rate of 4 to 8 Llmin. The pressure within
the chamber is either held steady,at 1.03 atm of pressure
(22 mm Hg) or varies cyclically from 1 atm of pressure up to
3 atm (810 mm Hg). Pressures greater than 22 mm Hg may
occlude capillaries; therefore, any pressures greater than this
level must be cyclic. The majority of studies of HBO have
used the constant 22 mm Hg pressure. Large increases in the
partial pressure of oxygen (Po,) have been noted during
HBO treatment.
It is unclear as to whether the increased POz values, exter
nal compression, in-patient nursing care, or an interaction
of these factors were the keyes) to success. The effectiveness
of Unna's boots, compression pumps, and other compres
sion devices has been well-documented. It may be that the
1.03 atm of pressure that was applied for several hours daily
was the salient feature of successful ulcer healing, not the in
creased atmospheric oxygen. Also, in the majority of studies
reviewed, patients were admitted as hospital in-patients for
2 to 8 weeks to receive HBO. The in-patient setting alone,
with its ready access to high-quality, frequent wound care
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and the increased potential for longer periods of bedrest and
decreased limb dependency, probably contributed to wound
healing. The relative benefits of increased oxygen tensions,
which is the unique aspect of HBO, cannot be ascertained
from these studies. Will compression devices; bedrest; and
good, frequent wound care be just as effective as HBO? Will
a home program be just as effective? Much more research
needs to be done to identify the comparative role of this
modality in the treatment of ulcers.

Treating the Low Back for Vasodilation ofthe Feet
In the 1960s, the use of superficial heat to the low back was
suggested as an effective adjunct to the treatment of periph
eral vascular disease because of observations made by
Abramson and Wessman that heating of the low back re
sulted in a reflex vasodilation of the skin vessels of the
feet.l,148 No further evaluation of the effectiveness of this
method of consensual heating for patients with PVD has
been found in the literature. Further evaluation of this sim
ple and safe technique is warranted.
Another indirect approach to increasing blood flow to the
feet is through epidural electrical stimulation at the TlO
spinal cord level using standard transcutaneous electrical
nerve stimulation (TENS) parameters. This modality re
quires a surgical procedure to implant electrodes into the
epidural space. Once implanted, the stimulation is given for
many hours daily and has been found to be very effective in
decreasing pain and avoiding limb amputations in patients
with severe arterial insufficiency. Owing to the implanted
nature of the electrodes, physical therapists are not currently
involved in this form of indirect stimulation. 15,3o,45.85.86

SUMMARY
Healthy elders have little risk of developing non-healing ul
cers. III and frail elders, however, are at a much higher risk,
as all four leading causes of dermal wounds-arterial insuf
ficiency, venous insufficiency, pressure, and neuropathy
are closely associated with illnesses that are most prevalent
in the older population.
Effective treatment of chronic dermal ulcers requires
careful evaluation and an individualized treatment approach
based on team collaboration and involvement. The underly
ing cause of initial ulceration needs to be determined as well
as the factors that are currently impeding the healing process.
The health care team needs to develop a coordinated treat
ment approach that focuses first on removing the factors that
are contributing to the non-healing status, e.g., infection, es
char, and poor nutrition, and then use interventions that will
foster healing. The intervention is modified, as needed, to
ensure continual movement toward healing. Once healing is
achieved, it is essential that the patient and care-givers be
fully educated in strategies to prevent wound recurrence.
In situations in which the physiological effects of the
modality have been carefully matched with the physiological
needs of the wound, many physical therapy modalities have
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been found to be effective in fostering wound healing. Elec
trical stimulation for tissue repair; compression pumps; and
external support devices, such as total contact casts, are ex
amples of modalities with strong clinical and research sup
port for their effectiveness. Nonthermal ultrasound and hy
perbaric oxygen have shown some evidence of effectiveness,
particularly for patients with venous insufficiency ulcers.
However, the extent of their benefit seems less pronounced
than some alternative modalities available to us.
Whirlpool, although widely used for chronic wounds, has
almost no research data to support or refute its usefulness.
Clinically, it is often the preferred modality for cleaning
wounds and preparing them for debridement. The ability of
whirlpool to stimulate healing or disperse medication into
the wound is questionable. Wound irrigation and lavage
techniques are replacing whirlpools in many clinics. There is
no evidence to judge the relative benefit of this much more
localized treatment, but the perceived benefits in terms of
cost savings, ease of care of equipment, and decreased risk of
cross-infection have made these products popular.
Physical therapists have a great deal to contribute to the
care of patients with chronic ulcers. It is essential, however,
that the intervention chosen fits the specific physiological
needs of the patient and blends well with the overarching
treatment approach of the involved health care team.
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OUTLINE

tion strategies grounded in sound theory and research may
make the difference between the patient's success or failure
in achieving rehabilitation goals. In this chapter, patient ed
ucation and the physical therapist'S role as a patient educa
tor are emphasized in terms of a practical yet philosophically
based experience that can influence older patients' self
direction in prescribed treatment regimens. A review of
learning theories is presented, followed by a philosophical
approach to learning and patient education. Characteristics
of older adult learners and some common barriers to their
learning also are summarized. The role of the care-giver and
teaching strategies to enhance this role are discussed, and se
lected assessment methods are presented. The chapter con
cludes with three typical patient education scenarios that il
lustrate some of the concepts presented relative to patient
education as a treatment modality.

CHAPTER OBJECTIVES
As a result of studying this chapter, the reader should be able
to do the following:
1. Identify the characteristics of older adult learners that in
fluence the planning and implementation of patient edu
cation sessions
2. Identify typical obstacles to effective patient education
interaction with older adults
3. Apply instructional strategies to improve interaction with
older adult learners in patient education settings
4. Develop and apply a patient education philosophy

INTRODUCTION
Imparting information to a patient is one of the most com
mon interventions a physical therapist uses. However, pa
tient education is often the least addressed topic in physical
therapy schools and the least understood concept as far as ef
fective methodology. Rehabilitation professionals often do
not perceive themselves as educators despite of the fact that
the therapist spends much of any treatment session instruct
ing patients in new techniques or home programs or facili
tating relearning of motor skills. Using appropriate educa

LEARNING THEORIES
Learning by its very nature defies easy definition and simple
theorizing. The concepts of behavioral change and experience
are central to learning theories. Learning is defined as the

397

398

Part Three

PROBLEMS AND PROCEDURES

capacity to behave in a given fashion, which results from
practice or other forms of experience that causes an endur
ing change in behavior.32 Learning as a process, rather than
an end product, focuses on what happens as learning takes
place. Explanations of this process are called learning theo
ries. It is necessary to understand the components of how
learning occurs to effectively address specific learning situa
tions. The organization schema of Merriam and Caffarella26
has been adopted in this chapter to explore the development
and application of learning theories through four learning
orientations: behaviorist, cognitive, humanist, and social.

Behaviorist Orientation
Behaviorism is a familiar theory credited to John B. Watson
(1878-1958) but also loosely encompasses other researchers
such as Thorndike, Tolman, Guthrie, Hull, and Skinner. 3o
Behaviorism focuses on observable behavior shaped by
environmental forces. Learning occurs when there is a
change in the form or frequency of observable perfor
mance. 14 The key elements in learning are the stimulus,
the response, and the association between the two. The envi
ronment plays the most important role in the behaviorist
theoretical approach. Behavioral theorists believe that the
teacher's role is to design an environment that elicits desired
behavior and to extinguish behavior that is not desirable. An
example in physical therapy patient education would be the
therapist verbally reinforcing a correct transfer technique
as it is being performed while ignoring the behavior when
the transfer technique is done incorrectly. Another example
might be when the therapist instructs a patient in stair
climbing and consistently reinforces the "correct technique:'
such as the right foot advancing first. The patient eventually
performs according to the therapist's instructions but may
not know why.
Important concepts of learning that are derived from a
behaviorist orientation are Thorndike's Law of Exercise and
Law of Readiness. The Law of Exercise asserts that the repe
tition of a meaningful connection between a situation and a
response results in substantial learning when simultaneous
reinforcement is present. Sheer repetition on its own does
not strengthen learning. The Law of Readiness states that if
the learner is ready for the connection, learning is enhanced;
if not, learning is inhibited. The systematic design of in
struction, behavioral objectives, notions of the instructor's
accountability, programmed instruction, computer-assisted
instruction, and competency-based education are strongly
grounded in behavioral learning theory.
The behaviorist orientation is thought to be ideal for
learning that requires rote responses and recalling of facts.
Behaviorism is not appropriate for higher order thinking
skills, such as problem solving. 14

Cognitive Orientation
In the late 1950s, learning theory began to shift away from
behaviorism, in which the emphasis was on promoting
the student's performance by manipulation of the stimulus,

to a cognitive orientation, in which the emphasis was on
promoting mental processing. Cognitive processes such as
thinking, problem solving, language, and concept formation
were stressed in the cognitive approach. Learning is equated
with discrete changes between states of knowledge rather
than in the probability of response. Cognitive theories focus
on the conceptualization of students' learning processes and
address the issues of how information is received, organized,
stored, and retrieved by the mind. 14 The cognitive approach
focuses on the mental activities of the learner that lead up
to a response and acknowledges the processes of mental
planning, goal-setting, and organizational strategies. A cog
nitive theorist who is relevant to older adult learning is
Jerome Bruner.
Bruner developed a theory about the act of learning in
volving the following four simultaneous processes: (1) abil
ity to use specific skills in acquiring knowledge; (2) develop
ing an attitude toward learning that involves a "sense of
discovery" of relationships and a "need to know" feeling;
(3) transformation, or the process of manipulating knowl
edge to make it fit new tasks; and (4) evaluation, or checking
whether the way information is manipulated is adequate to
the task.? These learning principles became the foundation
for an instructional theory that emphasizes the need for
the instructor to (1) implant a desire to learn (to motivate);
(2) organize the body of knowledge to be taught (to enhance
memory, storage, and retrieval); (3) sequence the presenta
tion of materials to be learned (to enhance storage and re
trieval); and (4) specify the nature and spacing of rewards
and punishments (to provide feedback). Each learner has
a unique sequence preference based on past learning, stage
of development, the nature of the material, and individual
differences.
One concern of a cognitive researcher would be how ag
ing affects an adult's ability to process and retrieve informa
tion and how aging affects an adult's internal mental struc
tures. An example of applied cognitive theory in geriatric
physical therapy would be demo!lstrated in how the thera
pist organizes a treatment session with the goal of instruct
ing the patient how to weight shift prior to ambulation. In
such an example, the therapist would build on the simple to
more complex tasks of supine weight shifting and to sitting
weight shifting before proceeding to standing weight shifting.
Progression would then advance from bipedal weight shifting
to unilateral weight shifting to advancing a foot forward.
Concern for the proper pacing of instruction would be ad
dressed throughout the treatment session.

Humanist Orientation
Humanist theories consider learning from the perspective of
the human potential for growth. From a learning theory per
spective, humanism emphasizes that a person's perceptions
are centered in experience, as well as the freedom and re
sponsibility to become what one is capable of becoming.
These tenets underlie much of adult learning theory that
stresses the self-directedness of adults and the value of expe
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rience in the learning process. Two psychologists who have
contributed much to the understanding of learning from
this perspective are Abraham Maslow and Carl Rogers.
Maslow interpreted the goal of learning to be self
actualization or the full use of talents, capacities, and poten
tialities. Carl Rogers described his philosophy of learning
and teaching in his book Freedom to Learn for the 80'S.29 He
defined the elements of learning as a "quality of personal in
volvement"-with both feeling and cognitive aspects being
part of the learning event. Learning is self-initiated so that
even when the impetus or stimulus comes from an external
source, the senses of discovery, of reaching out, and of grasp
ing and comprehending come from within. Learning is so
pervasive that behavior, attitudes, and perhaps even the per
sonality of the learner are affected. Learning is evaluated by
the learner. The learner knows whether the instruction is
meeting a need and is leading toward a goal,29 Rogers states
that significant learning combines the logical and the intu
itive, the intellect and the feelings, the concept and the expe
rience, the idea and the meaning.

Perceptual Theory
The perceptual theory suggests that views or perceptions of
people, objects, and events in the individual's environment
will have much to do with behavior. Adults have lived in the
world for a given number of years and have gained many
perceptions of their environment and of all its objects and
events. Five concepts ~hat affect an individual's perception of
environment are beliefs, values, needs, attitudes, and self
experience.
Beliefs are what adults perceive to be true, whether these
take the form of faith, knowledge, assumption, or supersti
tion. Beliefs are reality to individuals, and individuals behave
as if the beliefs are true. Values identify people's feelings
about what is important to them and could be related to
ideas, a way of life, material things, or people. Needs are what
individuals require to maintain or enhance themselves. Ac
cording to this concept, needs can be divided into two kinds:
(1) physiological needs, such as food, water, air, shelter, and
(2) social needs, such as the need for approval and accep
tance, status, prestige, or power. Attitudes reflect an emo
tionalized belief about the degree of worth of someone or
something. Self-experience (self-concept) is how people see
themselves, how they feel about being that person, how they
think others see them, how they see other people, and how
they feel about this.
People are most threatened when they are forced to
change the ways in which they seek to maintain or enhance
their concept of self. Threat then causes defensive behavior
and a narrowing and constricting of the perceptual field.
When threatened, people are resistant and seek to maintain
themselves instead of seeking growth or enhancement of
self-concept. Rogers advocated that external threats should
be kept to a minimum when learning is perceived as threat
ening to the self. A corollary is that self-evaluation and self
criticism are more acceptable to adults than evaluation by
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others. Humanist orientation emphasizes the individual's
choice, responsibility, and internal motivation (locus of con
trol). For example, the patient's desire to become indepen
dent after a severe stroke becomes the internal motivation
for going through intense rehabilitation and discomfort.
This motivation coupled with self-evaluation may lead the
patient to develop new ways of doing things independent of
the therapist.

Social Learning Theory
Social learning theory is a system of thought based on imi
tation or modeling. Bandura postulated that one can learn
from observation without having to imitate what was ob
served. 5 He further explored self-directed behaviors. In order
for people to regulate their own behavior, well-defined ob
jectives or goals are selected; contractual agreements are ne
gotiated to further increase goal commitment; objective
records of behavioral changes are used as additional sources
of reinforcement for their self-controlling behavior; and
the stimulus condition under which the behavior customar
ily occurs is altered. For example, for the older adult who
has difficulty adhering to his/her diabetic diet, removing the
source of temptation or storing the forbidden food in a dif
ferent place would alter stimulus conditions. The progressive
narrowing of stimulus control, for example, may initiate
change over a period of time instead of creating a total
change at one time. A commitment to monitor food intake
would also be important from the social learning viewpoint.
The term locus of control is used to explain which behav
ior in the individual's repertoire will occur in a given situa
tion. Typically, people with an internal locus of control will
adhere more consistently and longer than those with an ex
ternallocus of control, which requires external motivation
such as praise and material rewards. Social learning theories
provide an additional factor in how adults learn byacknowl
edging the importance of context and the learner's interac
tion with the environment to explain behavior.

Adult Learning Orientation
Andragogy is a term popularized by Knowles to explain a

philosophical orientation for adult education. 21 His four
main assumptions of changes in self-concept, role of expe
rience, readiness to learn, and orientation to learning lay
the foundation for the instruction of older adults.
Changes in self-concept occur as individuals grow and
mature. Their self-concept moves from one of total depen
dency (as is the reality of an infant) to one of increasing
self-directedness. Any experience that adults perceive as
putting them in a position of being treated as a child will
interfere with their learning, commonly resulting in ex~
pressions of resentment and resistance.
Role of experience defines the role of lifetime experi
ences. As individuals mature, they accumulate an expand
ing reservoir of experience, producing an older adult who
has a rich and varied background to faciliate new learning
and knowledge. Any situation in which adults' experiences
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are perceived to be devalued or ignored may be perceived as
rejecting their experience and even their person.
The concept of readiness to learn explains the shift from
an external stimulus to an internal stimulus. As individuals
mature, their readiness to learn is decreasingly the product
of biological development and academic pressure and is in
creasingly the product of the developmental tasks required
for the performance of evolving social roles. Learning expe
riences must be timed to coincide with the learners' devel
opmental tasks. For example, a geriatric patient may need to
attempt ambulation before comprehending the importance
of general strengthening or balance activities.
Orientation to learning reflects the adult's purpose for
learning. Adults tend to have a problem-centered orienta
tion to learning. Real-life problems are the purpose for
seeking educational opportunities. The immediate applica
tion of information learned is a primary need of the adult
learner. 21
In conclusion, the following principles developed by
Darkenwald and Merriam summarize the principles applic
able to patient education as a treatment modality:ll
• Adults' readiness to learn depends on their previous
learning.
• Intrinsic motivation produces more pervasive and per
manent learning.
• Positive reinforcement is effective.
• Material to be learned should be presented in an orga
nized fashion.
Learning is enhanced by repetition.
• Tasks and materials that are meaningful are more fully
and more easily learned.
• Active participation in learning improves retention.
• Environmental factors affect learning.
• Adults learn throughout their lifetime.
• Adults exhibit learning styles that illustrate various
learning theories such as the following:
a. Having personal strategies for coding information.
b. Perceiving in different ways-cognitive procedures.
c. Perceiving learning activities to be problem-cen
tered and relevant to life.
d. Desiring some immediate appreciation.
e. Having a concept of themselves as learners.
f. Being self-directed.
The learning theories and principles presented in this
section are diverse but can also compliment each other. The
effective health care provider will use a variety of patient
education interventions based on the outcomes desired.
PSYCHOLOGICAL FACTORS OF
THE LEARNING SITUATION
To develop a philosophical approach to patient education,
physical therapists must understand their own motivations
and biases toward their role as the helper, their attitudes to
ward their patients, and their attitude toward the informa

tion they are sharing. Understanding the older adult's per
ceptions of self and of learning is also important. This sec
tion discusses factors that contribute to the therapist's and
patient's attitudes toward teaching and learning.

Therapist's Perception of the Patient Educator
One motivation for entering the health care field is to help
people. This avowed motive is sincere in most cases. People
become helpers because they really enjoy helping others
and want to impact their lives positively. Although the mo
tive to help others focuses on the needs of the patient, the
needs of the "helper" must be acknowledged as a philoso
phy of patient education is developed. The helper's need to
be needed and the helper's needs as a person both exist, i.e.,
"I want to be needed and wanted but not to be completely
responsible for a person." Another common but deeper,
less obvious thought that can shape the physical therapist's
attitudes is the "there but for the grace of God go I" reac
tion when the patient becomes a disturbing mirror image
of the helper's real or potential suffering. Asserting author
ity is often the helper's defense against this phenomenon.
Two less apparent reasons for entering a health field are
the desire to learn about oneself and the desire to exert
control. The desire to exert control, to be in charge, and to
have some noticeable impact on the world is particularly
relevant when attempting to "teach" a patient. This attitude
of control can make the physical therapist the "high priest"
of the learning situation, perhaps inhibiting the learning
situation.
To understand the effect of this attitude of "control" or
dominance, a common model prevalent in the U.S. health
care system, Parsons' sick role model, is discussed. This
model often shapes therapists' initial attitudes toward their
professional responsibilities. The sick role model was de
scribed by Parsons in 1951 as made up of four aspects that
permeate the attitudes and behaviors of both the patient
and the health care professional. The first is that the sick
person is relieved of normal social responsibilities, e.g.,
he/she does not have to get dressed or may need help to go
to the bathroom or to be fed. The second is that the sick
person must be taken care of and thus assumes a depen
dent role. The third is that the sick person should regard
getting well as an obligation, i.e., to be motivated. And the
fourth is that the sick person should seek out expert help
and cooperate with the process of getting wellY
This model implies that the health care professional is in
a position of authority and the patient is in a role of de
pendency, obligated to get well according to the methods
and desires of the health care professional. The patient
hands the problem over to the professional and becomes
passive, whereas the professional takes charge of all aspects
of that patient and whatever problems are present. When
the acuity of the situation lessens, Parsons27 and Silver
stone33 describe the sick role as evolving into a patient role
characterized by conformity, dependency, and receptivity to
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care that excludes patient aggressiveness and attempts at
self-reliance.
Another model similar to the sick role model and very
prevalent in today's health care environment is the cure
model of health care. Paternalism is the framework for this
view of the patient, placing the health care provider in the
role of decision maker about the type and amount of infor
mation the patient receives. Paternalism is most often asso
ciated with the traditional medical model, which uses au
thority, power, and superior knowledge to act on the patient's
behalf. Paternalism tends to reinforce the passiveness of
the patient and communicates expectations of compliance
and unquestioning obedience. The role of the health care
provider is a "father" figure, i.e., authoritarian and all know
ing. The limitation is that the health care provider may be
perceived as overbearing. The patient's needs, concerns, and
choices may not be considered and therefore the health care
provider may act incompletely or inappropriately.25
An alternative to the cure model of health care is the care
model. The care model values patient autonomy and mu
tual collaboration between the patient and the health care
provider. The role of the health care provider is one of con
sultant and enabler, peer and adviser, facilitating the pa
tient's needs and desires. In this model, the type and amount
of information are determined by the patient with a com
mitment from the health care provider to be honest and
forthcoming. Individualized care, compassion, warm per
sonal regard, and open communication are additional val
ues. Limitations of the care model involve the need for pa
tients to make decisions for themselves. A patient may not be
able to make his/her own decisions in times of grief or ex
treme stress or with certain medical conditions. This ap
proach also takes longer, making it less efficient. Finally, the
health care provider may not use his/her extensive knowl
edge as overtly as in the cure model, perhaps putting the pa
tient at a slight disadvantage. 25

Older Adults' Perception ofSelf
Human beings are complex and whose behavior, attitudes,
and conditioning are affected by multiple internal and exter
nal forces. Any number of these forces can affect how older
adult patients respond to medical situations and their atti
tudes toward the learning situation. This section briefly pre
sents several of the forces that affect the geriatric patient.
Self-Concept and Self-Esteem
The view one has of one's self is called self-concept, and the
value placed on that self-concept is self-esteem. Life experi
ences, attitudes toward self and others, beliefs, and value
systems all factor into the self-concept/self-esteem equa
tion of the older adult. Multiple losses are common as a
person grows older and can reinforce any existing negative
self-perception or may negatively affect a life-long positive
self-perception. Losses can include the death of a spouse,
adult children, grandchildren, friends, and peers or loss of
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health or of one's home. Retirement from the work force
may be viewed as the loss of a productive role when no val
ued activities exist to replace the former occupation or pro
fession. In addition to any or all of these, the geriatric patient
participating in rehabilitation has experienced some degree
of trauma and may have serious self-doubts concerning the
ability to function again in the home, community, or work
environment.
Sensitivity to Failure
Many therapists treating older adults will be a significant
number of years younger than their patients. An older adult's
sensitivity to failure may be affected by the age difference
and by the perceived ease with which the younger therapist
performs complicated tasks and physical movement. The
therapist also must realize the patient may be comparing
current performance with previous normal performance,
which can enhance the perception of failure. A negative self
concept and the older adult's view of his/her own personal
crisis, e.g., disability, illness, or personal loss, also may ac
centuate the sensitivity to failure.
Resistance to Change
Resistance can be a normal coping strategy to change and
fear and should not be viewed as a rigidity of attitude or be
havior and thus result in a person being unamenable to
change. Rogers stated resistance may be observed when the
individual feels threatened. The geriatric patient also may
express total hopelessness for improved function and exhibit
a resignation to accepting the present limitations. This atti
tude may be manifested in resistance to suggestions, change,
or help. Skepticism and even some degree of fear may un
derlie resistance.
In summary, the geriatric patient in treatment sessions is
an individual with a complex psychosocial profile that will
influence the degree of willingness to learn. The therapist
also has complex attitudes and beliefs regarding the role of
the health care professional that affect the tone, manner,
and flexibility of the therapist in the teaching/learning situ
ation. The initial step in becoming an effective patient edu
cator is to recognize underlying attitudes affecting the learn
ing situation.

MOTIVATION AND LEARNING
When the underlying attitudes and values of both the older
patient and the therapist are recognized and accepted, the
therapist can develop strategies for facilitating and affecting
the desired learning from a psychological perspective. This
section discusses the role of motivation and choice as well as
specific techniques to deal with the psychological attitudes of
both the older adult and therapist that are discussed in the
preceding section.
Eliciting patient compliance is often a perceived goal of
patient education. The lack of compliance or motivation

402

Part Three

PROBLEMS AND PROCEDURES

is also a common reason to refer an older adult to psycho
logical services. The physical therapist often requests that a
psychological referral include: "Increase their motivation
so that they'll comply with my instructions" or concludes:
"This patient isn't motivated because my instructions on
practicing transfer techniques aren't being followed." Com
pliance and motivation are sometimes used interchangeably,
although they are very different concepts. In order to de
velop appropriate goals for patient education, an under
standing of the terms and implications of compliance and
motivation is important.
The term compliance implies that the older adult follows
medical orders and does what the health care professional
has instructed. Compliance is authoritarian in tone and im
plies that the patient must do as the therapist instructs in or
der for the patient education session to be successful. Com
pliance is a natural goal when operating under the sick role
model because it implies the patient's subservience, depen
dence, and unquestioning obedience to authority.12 The sick
and patient role models foster the idea that the patient is de
pendent on the health professional to get better. These mod
els put enormous responsibility on the therapist to make the
patient better and may be one cause of therapist burnout.
Adherence, on the other hand, is a term that implies inde
pendent choice and action on the part of the patient; there
fore a willingness to participate is implied. Adherence can
be defined as a consistent behavior that is accomplished
through an internalization of learning, enhanced by inde
pendent coping and problem-solving skills. 2
Motivation, as used by Kemp,20 is a complex attitude com
posed of wants, beliefs, and rewards versus cost of the be
havior. Motivation is not on a continuum of poor, average,
or high. Rather, motivation is a characteristic of all adults
that is manifested in behavior. Therapists incorrectly assess a
patient's motivation as poor because the patient is not being
"compliant" when, in fact, the patient might be "highly" mo
tivated for another activity of greater value to the patient.
The therapist who facilitates patient learning must discern
the distinct differences in compliance and adherence and
also must develop an understanding of these psychological
implications and attitudes.

Goals ofPatient Education
D'Onofrio contends that the goals of education are to equip
the learner with problem-solving skills whereby the learner
can gain greater control over the directions of his/her own
life. 12 Rogers goes further and suggests that the goal of edu
cation is to facilitate learning. 29 He states that instruction
must develop the learner to decrease dependence on the in
structor. Consistent with this philosophy, education is viewed
as the process of facilitating the learner's problem-solving
skills with the goal that the learner will gain control over any
specific problem. Learning places the responsibility on the
learner, the patient. To teach does not imply learning. Teach
ing is one-sided and asks 'nothing of the patient except that

the patient be present. An example of this concept is seen in
motor learning. Motor learning uses the strategy of the pa
tient's internal feedback to provide stimulus for learning,
rather than the therapist's stimulus of telling the patient
his/her movement is "right or wrong:' For instance, while as
sisting a patient with the task of stair climbing, instead of di
recting the patient in a certain "technique" of stair climbing,
the therapist may instead suggest that the patient begin to
climb the stairs and that facilitate the patient's internal feed
back mechanism by asking questions such as "how did that
feel" when the patient starts to lose his/her balance or "did
you notice the difference" when the patient tries a technique
that was more complex.9,JO
Payton asserts that only the patient can make the decision
that a goal is worth working for attainment. 28 Lindgren states
that older patients should be viewed as individuals who are
capable of making their own decisions-not as dependent
recipients of medical care. 22 These two statements clearly
convey the important message that older adults can and do
exercise choice in whether they will participate in treatment
sessions.
Rogers believes that it is impossible to "teach" anyone
anything unless the learner wants to learn. 29 Think of the pa
tient who sits through a detailed exercise program. A strong
feeling is transmitted that the patient really is not listening to
the therapist and is, in fact, in a hurry to leave. No matter
how great a "facilitator of learning" the therapist is, if the pa
tient does not want to learn, he/she will not.
Basically, one learns what one wants to learn. When one
wants to learn, one is described as being "motivated;' an in
ternal phenomenon. Bille relates Maslow's needs hierarchy
to patient motivation in an interesting and relevant man
ner.6 Maslow theorized that one's basic physiological needs
(air, food, water, movement, sex, avoidance of pain) and
safety and security needs (assurance that the world is regular
and predictable; that death, destruction, or physical/social/
emotional/economic harm is not imminent) must be met
before affiliation and esteem needs can be met.
Bille applies this concept to the patient who has experi
enced physical trauma and whose current needs basically are
physiological and safety-oriented. The patient may find it
difficult to focus on adjusting to the trauma and the neces
sary rehabilitation and may not be able to envision manag
ing the changes that may result from that trauma. Motiva
tion will be enhanced, therefore, when instruction is
centered on procedures that are, in the patient's perspective,
physiological and safety-oriented, such as strength, mobility,
ambulation, or activities of daily living (ADL). When these
needs are met, self-esteem increases as progress is made.
Bille relates the need for esteem to the motivation to learn
and states that as self-esteem increases, motivation to learn
will increase. The therapist can foster the patient's self
esteem, and therefore motivation, when open, two-way com
munication exists. The patient needs to feel free and un
threatened to tell the therapist what has affected or lowered
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his/her self-esteem. The basic characteristics a teacher needs
to exhibit to facilitate this open communication as described
by Rogers are realness or genuineness; prizing the learner;
acceptance; trust; and empathic understanding. 29 When the
health care professional exhibits realness or genuineness, the
facade is lifted, and the therapist comes into a direct per
sonal encounter with the learner and meets the learner on a
person-to-person basis, as peers or equals. There is no hid
ing behind an authoritarian role; there is no sterile facade.
The physical therapist can express emotions and attitudes
and becomes, to the patient, a real person with convictions
and feelings.
Rogers describes prizing the learner as valuing the learner's
feelings, opinions, and the person as a whole. Prizing is car
ing for the learner, accepting the learner as a separate person,
appreciating the learner's differences, and exhibiting a belief
that the learner is fundamentally trustworthy. The physical
therapist who exhibits this attitude can fully accept the fear
and hesitation of the older adult as the patient approaches
his/her own personal crisis. This attitude allows the therapist
to accept the "poor motivation" of the older adult and to
make attempts to understand the factors contributing to the
motivational problem. Empathic understanding is the ther
apist's ability to appreciate the patient's reactions from the
patient's perspective and to have a sensitive awareness of
the way the processes of education and learning seems to the
patient. The likelihood of significant learning is increased
when these characteristics are exhibited by the therapist. 29
To increase the patient's self-directedness, the therapist
should provide opportunities for the patient to make deci
sions about treatment and to identify what is to be learned.
Payton presents excellent examples of this process in his
chapter the "Patient as Planner."28 To increase the patient's
motivation, the therapist should lead the patient to explore
the range of concerns and then to identify the primary con
cern. Goal setting by the patient becomes a motivator be
cause a greater degree of choice is exercised.
Payton also outlines four levels of patient participation in
goal identification that range from the patient's free choice,
with open -ended questions, to no choice, with the therapist
prescribing and telling the patient what to do. The free
choice level is possible when the therapist does not suggest
answers. This allows the patient autonomy, an important as
pect of self-esteem and motivation. Payton uses the follow
ing as an example of the free-choice process: 28
Therapist:
Patient:
Therapist:
Patient:
Therapist:
Patient:
Therapist:
Patient:

What bothers you?
I have a tingling on my left side.
Is there anything else bothering you?
I have trouble using my left ankle.
Is there anything else?
I can't move my toes.
What bothers you the most?
It's hard for me to walk.

By allowing the patient to explore several concerns, iden
tification of the walking difficulty provided the basis for a

403

goal statement that was generated by the patient. Therefore,
the patient's motivational level was enhanced for treatment
sessions because the therapist addressed the primary con
cern of the patient.
At the next level, the therapist asked questions and of
fered several options or suggestions, with permission to of
fer those options first being elicited from the patient. The
resulting multiple-choice question still allowed the patient
to exercise choice and control among the options. This
level is in contrast with the lowest level, in which the ques
tion to the patient is followed by the therapist's immediate
answer or recommendation. Thus, the patient's participa
tion is excluded, self-esteem is questioned, and motivation
is diminished.
Older adults may exhibit some resistance to becoming
partners in treatment decisions and sessions. Anderson sug
gests that this reluctance may be based on their perceptions
of health care professionals as "high priests" whose wisdom
is all encompassing and whose decisions are not to be dis
cussed or questioned. l This.perception was described earlier
in the discussion of the sick role model. Obviously in acute
cases, this perception of the medical model may be the most
appropriate one. However, in many situations the patient's
progress will depend more on the helping process than on
the sick role model of health care delivery.
In the sick role model, the patient has a more passive role
in treatment sessions, whereas the therapist is the activist. In
contrast, in the helping process, the patient is more active in
identifying the problem, setting goals, exploring alternative
solutions, and assessing the results. When the patient is ac
tive in the helping process, the patient's ability to appropri
ately cope with any problems that arise is strengthened. Cop
ing may involve consulting with the therapist for opinions
on the proposed solutions, but the intent is for the patient to
become more of a partner than a passive recipient in the
health care regimen. I
In summary, the helping process appears to be more
congruent with the geriatric patient's need for self-esteem,
autonomy, the exercise of choice, and the partnership that
Payton advocates. To be an effective patient educator re
quires an approach of empowering the patient rather than
assuming an authoritarian role. An effective patient educator
facilitates the learner's learning, appreciates the learner's
differences, and helps the learner establish goals and re
sponsibility for learning. A patient whose ideas, interests,
concerns, and feelings have been heard and responded to
by others is much more likely to enter into active, coopera
tive planning for necessary treatment. A patient who is ac
tively involved in treatment planning is more likely to ad
here to those cooperative plans and guarantee the success
of treatment. The importance of self-esteem and choice re
lates closely to the geriatric patient's motivational level.
Lasting gains are possible when the geriatric patient per
ceives the therapist as a supportive partner in treatment ses
sions. The therapist's degree of success when working with
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a geriatric patient is related to the perception of that patient
as a person against a background of cognitive and psychoso
cial characteristics.

Strategies to Affect Learning
The therapist's actions and behaviors are keys in working
with an older patient whose negative self-concept presents
a significant obstacle to treatment' progress. To attempt to
counter these doubts and to modify the patient's perception
of self to a positive rather than a negative view, the therapist
should emphasize the successful experiences the patient has
had as an adult in overcoming other difficult experiences.
Other techniques include guiding the patient to identify the
reason(s) for any past failures and assisting the patient to
recognize that the reason ( s) for failure may not be a factor in
treatment. If, however, the reason(s) for past failure may be
present in the therapeutic environment, the therapist should
help the patient identify the factors that can be controlled at
this time. 35 For example, consider the patient with previ
ously treated low back pain who starts physical therapy. The
patient's behavior indicates a reluctance to try the exercises.
As the therapist explores this reluctance, the patient indi
cates, "No one really explained the previous exercises:' The
therapist indicates that doing an exercise incorrectly can
cause increased pain. Extra care and a thorough explanation
of the exercises are indicated to address the patient's history
of perceived failure.
Creating a successful instructional environment and pro
viding opportunities for successes, no matter how small they
may be, are valuable tools. Any contributions the patient
may make should be recognized, and establishing a partner
ship relationship in the treatment goats and sessions is help
ful. 55 However, psychological counseling is best done by
counseling professionals.
During the treatment session, the therapist should pro
vide tasks that the patient can do successfully. Focusing on
relevant information in an organized, clear manner, and
providing adequate time for skill practice can enhance suc
cessful performance. The therapist should sensitively give
adequate, honest feedback and encouragement for correct
responses and performance to diminish the chances for and
perception of failure. The patient's positive contributions
and correct performance of any tasks 55 should be stressed; be
aware that depressed patients may demonstrate an increased
sensitivity to failure and heightened self-criticism.
Accepting the patient's existing attitudes and recognizing
that new attitudes, behaviors, and values cannot be forced on
the geriatric patient may help temper any resistance to
change of treatment. Creating constructive dialogue and rea
soning instead of participating in arguments that tend to
further entrench negative attitudes may help prevent these
natural reactions of resistance and resignation. Discovering
the source of patient motivation is paramount. Exploring
the elements of Kemp's model for motivation described ear
lier may help the therapist address the patient's concerns
or fears.20

The older adult's performance and learning can be af
fected by past experiences of mastering earlier developmen
tal tasks. Havighurst succinctly identified six developmental
tasks of old age: (1) adjusting to decreasing strength and
health, (2) adjusting to retirement and reduced income,
(3) adjusting to the death of a spouse, (4) establishing an
explicit affiliation with members of one's own age-group,
(5) meeting social and civic obligations, and (6) establishing
satisfactory physical living arrangements. IS Mastery of these
six tasks for the older adult is dependent, to some degree, on
how successfully the earlier developmental tasks through the
childhood, adolescent, and young and middle adult years
were mastered. Any deficits in mastery of earlier tasks or of
these tasks for the older adult can affect the geriatric pa
tient's motivation, learning, and performance.

Educational and Cultural Background
The number of years between earlier instructional activities
and present instructional activities, previous level of educa
tion, and past experiences with learning are components of
the geriatric patient's psychosocial profile. Instruction re
lated to job and profession or participation in adult educa
tion and community education courses may be factors that
will influence the patient's positive predisposition toward
learning new tasks. However, if the patient primarily re
members negative experiences in earlier educational situa
tions, these unpleasant memories may make it more difficult
for the geriatric patient to be a cooperative and a willing par
ticipant in treatment sessions. The therapist should make
every effort to ensure that the patient experiences success in
the initial treatment sessions and to assist in the differentia
tion of any earlier negative experiences from present thera
peutic procedures.
Low literacy skills may be a barrier to successful learning
and should be recognized by the physical therapist. Many
older adults have deficient learning skills and can be profi
cient at hiding them because of embarrassment. Using a va
riety of teaching methods, simple vocabulary, and repetition
of key points can enhance the learning opportunities of the
older adult with low literacy skills.
Many ethnic populations reside across the United States
with African -Americans, Native Americans, Asian-Americans
and Pacific Islanders, and Hispanics being the standard four
major groups. The therapist must remember that in addition
to the patients having lived many years, their ethnic envi
ronment will influence their predisposition toward, percep
tion of, cooperation with, and follow-up of treatment. Tra
ditional tribal and home treatment methods are influential
in all four ethnic populations. Illness is not a word in some
Pacific/Asian languages, and in others, illness is synonymous
with acute conditions and death, and hospitals may be
viewed with fear.4
Another consideration with ethnic geriatric patients is
level of English proficiency and education. Language barri
ers are common for therapists working with the Pacificl
Asian ethnic group, which is composed of 18 subgroups of
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Pacific Islanders and Asian-Americans. Using translators if
the therapist-or another member of an interdisciplinary
team-does not have bilingual-bicultural skills is very help
fuL Although family members and friends may appear to be
the most logical choice for this important task, the recom
mended choice is an interpreter who has a background in
medical terminology as well as 'in language and cultural ex
pertise. Cultural differences must be translated in culturally
appropriate terms. The same recommendation is made
when selecting Hispanic translators. Many large institutions
have employees who are willing to serve as translators. When
working with an African-American elder, the therapist must
remember the earlier segregation of health care facilities and
must respect the black elder as a survivor of a health care sys
tem that was not accessible and perhaps was even hostile. 4
Patient education materials for geriatric patients of eth
nic groups must be designed with cultural diversity as one of
several important considerations. The translator should ex
amine the text carefully for any words or phrases that might
be incorrectly interpreted. Illustrations should reflect ethnic
customs when possible. Any number of reliable methods to
test for appropriate reading level can be used. Field testing
patient education materials using a sample of the intended
audience before final production is recommended to deter
mine the effectiveness of the material.
The extended family as care-givers to the elderly is com
mon among other cultures. A lack of familiarity with health
care resources and the bureaucratic processes for access of
ten results in underutilization by minorities. Among His
panics, the use of formal health care services can be viewed
as the family's failure to take care of its own. The health care
an individual family member is allowed to receive may be
subject to the approval or disapproval by the elder dominant
family member. 4
The norm for health care delivery in the United States
evolved from the middle-class northern European models of
care. The health care system in the United States will have in
creasing numbers of ethnic patients. Building a level of trust
through demonstration of sensitivity to their history and
cultural view of illness and health care in order to negotiate
successful treatment regimens with ethnic elders is effective. 4
The therapist should regard this interaction as an opportu
nity for learning and increasing cultural sensitivity and
awareness.

THE OLDER ADULT AS A LEARNER
This section relates patient education as a treatment modal
ity to the knowledge of the process by which older patients
"learn:' The statement "you can't teach old dogs new tricks"
can be a negative influence on a new therapist who is begin
ning a career and who has not yet had enough experiences
with older adults to recognize the fallacy of such a general
ization. Older adults can and do learn. To work with older
adults successfully, a new therapist must develop a dual role
as a caring and competent therapist and as a skillful facilita
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tive instructor. This discussion examines the cognitive and
physical aspects that influence the ability and the predispo
sition of older adults to be effective and efficient learners in
treatment sessions.

Cognitive Aspects
Cognition refers to intellectual processes, whereas learning
generally is considered the acquisition of knowledge or skills
achieved by study, instruction, practice, and experience. An
individual's performance becomes the basis for inferring the
level of learning that has been achieved. Two aspects must be
considered in discussing cognitive learning-the end prod
uct and the process. Many research studies focus only on the
end product. Therefore, when a person's performance im
proves in an intellectual or physical task, the inference is
that learning has occurred. Failure in performance, however,
does not infer that learning has not occurred or has been
lost. Many factors affect an older adult's performance, in
cluding motivation and physical and emotional states. The
physical therapist must be sensitive to the fact that multiple
variables affect the learning situation and avoid concluding
that the older adult cannot learn.
Several areas relate to the cognitive abilities of older pa
tients. Intelligence as measured by standard testing proce
dures has been shown to decline with increasing age. How
ever, when adjusted for time, i.e., when increased time
(pacing) is allowed, no significant decline is observed.
Research generally concludes that memory does decline
with age. However, this conclusion can be challenged be
cause of methodological considerations and multiple vari
ables as well as the lack of a functional corollary with skills
and tasks in everyday life. Studies that show declining mem
ory changes in older adults may have used artificial tasks that
were not relevant to the subject's everyday tasks. Babins
states, therefore, that careful examination is needed of stud
ies that show a decline in older adults' memory functions. 3
In other words, evidence exists to suggest that memory in
volving skills and tasks used frequently does not decline to
the degree that infrequently used information decreases. The
adage "if you don't use it, you lose it" can be appropriately
applied to cognition. Other research studies focus on the
process, and results show that when new information can be
related to older adults' existing knowledge, their new learn
ing is facilitated. Some factors involved in the cognition or
intellectual processes can be accommodated by the physical
therapist. These factors are assessment of learning level,
learning readiness, and learning styles.
Learning Level
Assessment of each patient's learning level is important for
instructional planning, implementation, and patient educa
tion procedures and materials. Although the educational
level of the older adult has been steadily increasing, one
study reported about one half of adults older than 65 years
did not complete high school. Within this group, women
were more likely to have continued in school to junior high
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a geriatric patient is related to the perception of that patient
as a person against a background of cognitive and psychoso
cial characteristics.

Strategies to Affect Learning
The therapist's actions and behaviors are keys in working
with an older patient whose negative self-concept presents
a significant obstacle to treatment progress. To attempt to
counter these doubts and to modify the patient's perception
of self to a positive rather than a negative view, the therapist
should emphasize the successful experiences the patient has
had as an adult in overcoming other difficult experiences.
Other techniques include guiding the patient to identify the
reason(s) for any past failures and assisting the patient to
recognize that the reason( s) for failure may not be a factor in
treatment. If, however, the reason(s) for past failure may be
present in the therapeutic environment, the therapist should
help the patient identify the factors that can be controlled at
this time. 35 For example, consider the patient with previ
ously treated low back pain who starts physical therapy. The
patient's behavior indicates a reluctance to try the exercises.
As the therapist explores this reluctance, the patient indi
cates, "No one really explained the previous exercises:' The
therapist indicates that doing an exercise incorrectly can
cause increased pain. Extra care and a thorough explanation
of the exercises are indicated to address the patient's history
of perceived failure.
Creating a successful instructional environment and pro
viding opportunities for successes, no matter how small they
may be, are valuable tools. Any contributions the patient
may make should be recognized, and establishing a partner
ship relationship in the treatment goals and sessions is help
ful. 35 However, psychological counseling is best done by
counseling professionals.
During the treatment session, the therapist should pro
vide tasks that the patient can do successfully. Focusing on
relevant information in an organized, clear manner, and
providing adequate time for skill practice can enhance suc
cessful performance. The therapist should sensitively give
adequate, honest feedback and encouragement for correct
responses and performance to diminish the chances for and
perception of failure. The patient's positive contributions
and correct performance of any tasks 35 should be stressed; be
aware that depressed patients may demonstrate an increased
sensitivity to failure and heightened self-criticism.
Accepting the patient's existing attitudes and recognizing
that new attitudes, behaviors, and values cannot be forced on
the geriatric patient may help temper any resistance to
change of treatment. Creating constructive dialogue and rea
soning instead of participating in arguments that tend to
further entrench negative attitudes may help prevent these
natural reactions of resistance and resignation. Discovering
the source of patient motivation is paramount. Exploring
the elements of Kemp's model for motivation described ear
lier may help the therapist address the patient's concerns
or fears.2o

The older adult's performance and learning can be af
fected by past experiences of mastering earlier developmen
tal tasks. Havighurst succinctly identified six developmental
tasks of old age: (1) adjusting to decreasing strength and
health, (2) adjusting to retirement and reduced income,
(3) adjusting to the death of a spouse, (4) establishing an
explicit affiliation with members of one's own age-group,
(5) meeting social and civic obligations, and (6) establishing
satisfactory physical living arrangements. 18 Mastery of these
six tasks for the older adult is dependent, to some degree, on
how successfully the earlier developmental tasks through the
childhood, adolescent, and young and middle adult years
were mastered. Any deficits in mastery of earlier tasks or of
these tasks for the older adult can affect the geriatric pa
tient's motivation, learning, and performance.

Educational and Cultural Background
The number of years between earlier instructional activities
and present instructional activities, previous level of educa
tion, and past experiences with learning are components of
the geriatric patient's psychosocial profile. Instruction re
lated to job and profession or participation in adult educa
tion and community education courses may be factors that
will influence the patient's positive predisposition toward
learning new tasks. However, if the patient primarily re
members negative experiences in earlier educational situa
tions, these unpleasant memories may make it more difficult
for the geriatric patient to be a cooperative and a willing par
ticipant in treatment sessions. The therapist should make
every effort to ensure that the patient experiences success in
the initial treatment sessions and to assist in the differentia
tion of any earlier negative experiences from present thera
peutic procedures.
Low literacy skills may be a barrier to successful learning
and should be recognized by the physical therapist. Many
older adults have deficient learning skills and can be profi
cient at hiding them because of embarrassment. Using a va
riety of teaching methods, simple vocabulary, and repetition
of key points can enhance the learning opportunities of the
older adult with low literacy skills.
Many ethnic populations reside across the United States
with African-Americans, Native Americans, Asian-Americans
and Pacific Islanders, and Hispanics being the standard four
major groups. The therapist must remember that in addition
to the patients having lived many years, their ethnic envi
ronment will influence their predisposition toward, percep
tion of, cooperation with, and follow-up of treatment. Tra
ditional tribal and home treatment methods are influential
in all four ethnic populations. Illness is not a word in some
Pacific/Asian languages, and in others, illness is synonymous
with acute conditions and death, and hospitals may be
viewed with fear.4
Another consideration with ethnic geriatric patients is
level of English proficiency and education. Language barri
ers are common for therapists working with the Pacific/
Asian ethnic group, which is composed of 18 subgroups of
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Pacific Islanders and Asian-Americans. Using translators if
the therapist-or another member of an interdisciplinary
team-does not have bilingual-bicultural skills is very help
ful. Although family members and friends may appear to be
the most logical choice for this important task, the recom
mended choice is an interpreter who has a background in
medical terminology as well as 'in language and cultural ex
pertise. Cultural differences must be translated in culturally
appropriate terms. The same recommendation is made
when selecting Hispanic translators. Many large institutions
have employees who are willing to serve as translators. When
working with an African-American elder, the therapist must
remember the earlier segregation of health care facilities and
must respect the black elder as a survivor of a health care sys
tem that was not accessible and perhaps was even hostile. 4
Patient education materials for geriatric patients of eth
nic groups must be designed with cultural diversity as one of
several important considerations. The translator should ex
amine the text carefully for any words or phrases that might
be incorrectly interpreted. Illustrations should reflect ethnic
customs when possible. Any number of reliable methods to
test for appropriate reading level can be used. Field testing
patient education materials using a sample of the intended
audience before final production is recommended to deter
mine the effectiveness of the material.
The extended family as care-givers to the elderly is com
mon among other cultures. A lack of familiarity with health
care resources and the bureaucratic processes for access of
ten results in underutilization by minorities. Among His
panics, the use of formal health care services can be viewed
as the family's failure to take care of its own. The health care
an individual family member is allowed to receive may be
subject to the approval or disapproval by the elder dominant
family member.4
The norm for health care delivery in the United States
evolved from the middle-class northern European models of
care. The health care system in the United States will have in
creasing numbers of ethnic patients. Building a level of trust
through demonstration of sensitivity to their history and
cultural view of illness and health care in order to negotiate
successful treatment regimens with ethnic elders is effective.4
The therapist should regard this interaction as an opportu
nity for learning and increasing cultural sensitivity and
awareness.

THE OLDER ADULT AS A LEARNER
This section relates patient education as a treatment modal
ity to the knowledge of the process by which older patients
"learn:' The statement "you can't teach old dogs new tricks"
can be a negative influence on a new therapist who is begin
ning a career and who has not yet had enough experiences
with older adults to recognize the fallacy of such a general
ization. Older adults can and do learn. To work with older
adults successfully, a new therapist must develop a dual role
as a caring and competent therapist and as a skillful facilita
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tive instructor. This discussion examines the cognitive and
physical aspects that influence the ability and the predispo
sition of older adults to be effective and efficient learners in
treatment sessions.

Cognitive Aspects
Cognition refers to intellectual processes, whereas learning
generally is considered the acquisition of knowledge or skills
achieved by study, instruction, practice, and experience. An
individual's performance becomes the basis for inferring the
level oflearning that has been achieved. Two aspects must be
considered in discussing cognitive learning-the end prod
uct and the process. Many research studies focus only on the
end product. Therefore, when a person's performance im
proves in an intellectual or physical task, the inference is
that learning has occurred. Failure in performance, however,
does not infer that learning has not occurred or has been
lost. Many factors affect an older adult's performance, in
cluding motivation and physical and emotional states. The
physical therapist must be sensitive to the fact that multiple
variables affect the learning situation and avoid concluding
that the older adult cannot learn.
Several areas relate to the cognitive abilities of older pa
tients. Intelligence as measured by standard testing proce
dures has been shown to decline with increasing age. How
ever, when adjusted for time, i.e., when increased time
(pacing) is allowed, no significant decline is observed.
Research generally concludes that memory does decline
with age. However, this conclusion can be challenged be
cause of methodological considerations and multiple vari
ables as well as the lack of a functional corollary with skills
and tasks in everyday life. Studies that show declining mem
ory changes in older adults may have used artificial tasks that
were not relevant to the subject's everyday tasks. Babins
states, therefore, that careful examination is needed of stud
ies that show a decline in older adults' memory functions. 3
In other words, evidence exists to suggest that memory in
volving skills and tasks used frequently does not decline to
the degree that infrequently used information decreases. The
adage "if you don't use it, you lose it" can be appropriately
applied to cognition. Other research studies focus on the
process, and results show that when new information can be
related to older adults' existing knowledge, their new learn
ing is facilitated. Some factors involved in the cognition or
intellectual processes can be accommodated by the physical
therapist. These factors are assessment of learning level,
learning readiness, and learning styles.
Learning Level
Assessment of each patient's learning level is important for
instructional planning, implementation, and patient educa
tion procedures and materials. Although the educational
level of the older adult has been steadily increasing, one
study reported about one half of adults older than 65 years
did not complete high schooL Within this group, women
were more likely to have continued in school to junior high
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or high school, whereas men were more likely to have at
tended only some elementary grades. ls Mayeaux and col
leagues report that almost one half of American adults have
deficient literacy skills, a problem further compounded by
limited knowledge of medical terminology.23 The authors re
port that this deficiency can translate into poor comprehen
sion of oral and written communication. The patient history
provides an excellent opportunity to gain information about
the learning level of the patient. An estimate of learning level
can be obtained by talking, in a conversational manner,
about current or former employment positions. Duties and
responsibilities at home, in the community, or in volunteer
work and information on hobbies can give further assess
ment data on the cognitive functional level of the patient.
Other indicators are the vocabulary used by the patient and
the level of understanding demonstrated in response to
questions and to the general conversation initiated to estab
lish rapport with the patient. The physical therapist should
use an assessment of the patient's learning and functional lit
eracy level in patient education.
Learning Readiness
Learning readiness means that until basic skills are mas
tered, the mastery of more complex behavior is not possi
ble. A number of factors can affect the patient's readiness to
learn, some of which are closely related to the patient's mo
tivational intensity discussed earlier.
Gage and Berliner reported studies conducted by Levin
son and Reese with four age-groups-preschool, fifth
graders, college freshmen, and the aged. 13 These studies
found that extensive practice was necessary for older adults to
develop learning readiness. Learning was less effective if prac
tice was discontinued before the learner gained sufficient
competence and confidence in the task. For older adults to
process information into their first or primary memory store,
application, practice, and rehearsal are essential.
To assess the patient's learning readiness for psychomo
tor activities, the therapist must determine the existing
level of physical strength and skills and build from those
points. To assess the patient's understanding of the reasons
and need for therapy, the therapist would determine the
patient's level of understanding of the particular physical
condition and prescribed treatment. The therapist should
sequen<;:e instruc-tion from simple skills and concepts to
the more complex ones, with sufficient supervised practice
to ensure the correctness of performance and to develop
the patient's learning readiness to progress to more diffi
cult and complex tasks.
Learning Styles and Information Processing
Learning style refers to how information is processed and is
unique to each individual. An individual's learning style de
termines the consistent way the individual receives, retains,
and retrieves information. Learning style also includes how
an individual feels about and behaves in instructional expe
riences. An individual's learning style often is identified at one

extreme or the other of any given learning style continuum
a classification that is probably too rigid to be realistic.
An individual's typical mode of perceiving, thinking, prob
lem solving, remembering, selecting, and organizing informa
tion and educational experiences defines how that
individual processes information. McLagan describes three
primary dimensions of information processing as continua:
content, initiative, and tactics-each of which has its own
continuum.24 She also emphasizes that a profile that responds
to specific functions is more descriptive and realistic than la
beling an individual at a fixed point on any of the three con
tinua. These three continua are described next.
Content, the first dimension, ranges from a detail learner
to a main idea learner. The detail learner will be attentive to
the step-by-step explanation of a procedure but is less atten
tive to the overall goals of the therapy. The main idea learner
will be eager to hear about the overall goals but may be less at
tentive to specific instructions and details.24 For example, a de
tail learner will be more interested in the number of repeti
tions and appropriate time of day to perform the exercise,
whereas a main idea learner will want to know the purposes
and possible outcomes of the exercises.
Initiative, the second dimension, ranges from an active/
aggressive/energetic learner to one who is passive in instruc
tional sessions. The active/aggressive/energetic learner exerts a
high degree of initiative and questions many aspects of the
treatments, causes, and effects. However, conclusions may
be reached erroneously. At the other extreme, the passive
learner is one who exhibits little initiative and who must be
encouraged to participate actively in treatment sessions.24 A
passive learner is a greater challenge to the instructor and does
not necessarily indicate an unwillingness to learn.
The third dimension, tactics, refers to how information is
processed in terms of organization and structure. The analytic
learner processes best when structure is present and when
step-by-step explanations and demonstrations are presented
sequentially. The intuitive/creative learner, on the other hand,
responds best to instruction that is less structured and more
open-ended. Problem solving and shared decision making in
treatment sessions are more productive with the intuitive/cre
ative information processor. 24
In summary, Cassata condensed a number of findings re
lated to cognitive aspects of the older adult learner:8
• Patients forget much of what the doctor tells them.
• Instructions and advice are more likely to be forgotten
than other information.
• The more patients are told, the greater the proportion they
will forget.
• Patients will remember (a) what they are told first and
(b) what they consider most important.
• Intelligent patients do not remember more than less intel
ligent patients.
• Older patients remember just as much as younger ones.
• Moderately anxious patients recall more of what they are
told than highly anxious patients or patients who are not
anxious.
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• The more medical knowledge patients have, the more they
will recalL
• If patients write down what the doctor says, they will re
member it just as well as if they only hear it.

Physiological Aspects
A number of changes occur with aging that can be accom
modated by the therapist to facilitate the geriatric patient's
learning. These changes may involve neurological functions,
vision and hearing impairment, and diminished motor dex
terity. Worcester relates these physiological changes to pa
tient education. 36
Neurological Changes
Neurological changes that may affect learning are slower
nerve transmission, which affects pacing; decreased short
term memory; and a larger store of existing information that
must be integrated into the treatment setting. Slower nerve
transmission can slow the reception of information and re
action times of the patient and therefore creates the need for
more time in the treatment session. Implications for in
struction include sensitivity to the pacing of instruction
and speech and frequent assessment of the patient's level of
understanding. 36
Decreased short-term memory can cause difficulty in re
taining new material and necessitates repetition and adequate
practice time. Short -term memory can be enhanced through
multisensory approaches,
visuals, models, demonstra
tions, and patient education materials. The volume of infor
mation accumulated over a lifetime can interfere with learn
ing when the new information is not congruent with prior
information and experiences. Cognitive overload-too much
information-also is a potential factor. Strategies for effec
tive instruction can be used to assess the patient's knowledge
base about the particular physical condition, make connec
tions between prior knowledge and new knowledge, darify
any misconceptions, and present less material in each treat
ment session. 36
Visual Changes
Decreases in acuity, accommodation to dim lighting, and
lens transparency are significant visual changes that may af
fect the patient's ability to learn effectively. The decreased
sharpness of vision, or acuity, implies that details in print
materials and illustrations are more difficult for the geriatric
patient to see clearly. Therefore, illustrations in patient edu
cation materials need bold lines, a minimum of detail, and
a plain print style. The use of larger, simple type styles and
uppercasellowercase letters for the text material is recom
mended strongly. In the same manner, decreased accommo
dation creates difficulty in the lens adjusting to different
light intensities and to color differentiation. Bright overhead
lights in the clinic may create accommodation difficulties for
the geriatric patient, just as dim lights may make visual per
ception more difficult. The patient should not be placed in
a position that faces any source of glare. For patient educa
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tion materials, black ink on nonglare yellow paper for opti
mum acuity and accommodation should be used. Decreased
lens transparency may be due to external as well as to inter
nal causes. The therapist should make certain the patient's
glasses are clean and should provide magnifying aids, if
needed, when referring to patient education materials. 36
Hearing Changes
High frequencies, such as the c, ch, f, s, sh, t, and z sounds, are
more difficult for older adults to distinguish dearly. Byask
ing the patient to repeat what was heard, the therapist can
detect problems and correct errors. The therapist's pace of
speech and clear enunciation are more important than vol
ume because slow or loud speech does not necessarily in
crease reception. Background noises need to be controlled
because the geriatric patient may have difficulty screening
sounds. Patient education materials that have illustrations
and audio/videotapes with individual headsets can assist the
hearing-impaired patient. 36
Motor Changes
A number of changes in the musculoskeletal condition of
the geriatric patient may affect hislher ability to respond to
treatment. Adequate time must be provided to accommo
date slower movement and responses, and adaptive equip
ment, as appropriate, should be available. The therapist
should plan to have the patient begin with simple tasks that
can be accomplished, then build to more complex tasks. 36

Implications for Patient Education Materials
This discussion of the cognitive aspects and physical changes
has particular implications for patient education materials.
The vocabulary level, sentence length, complexity, and orga
nization of content should be examined carefully for com
prehension. Reading level for print materials should approx
imate fourth- to sixth-grade level for maximum patient
comprehension. Visual changes experienced by older adults
dictate using dear, simple print styles. Black ink on nonglare
paper and distinctly contrasting colors are recommended.
Patient education materials should be tested with a repre
sentative sample of the audience for whom they are de
signed for clarity, comprehension, and readability before
production-an instructional and cost-effective strategy.
In summary, the therapist ideally facilitates the older
adult patient's move toward self-direction, adherence, inde
pendent problem solving, and error detection. Therefore,
consideration should be given to the positive impact that oc
curs when learning style and information processing are in
vestigated, assessed, and used. Awareness of the physical
changes that occur in the older adult patient can enhance the
learning experience when appropriate techniques are ap
plied. Time spent in careful assessment of the many cogni
tive aspects oflearning and the physical changes can create a
more productive instructional time for each patient. Geri
atric patients in treatment sessions will exhibit characteris
tics of older adult learners. The therapist who is aware of the
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cognitive and physiological aspects discussed in this section
is better prepared to work more effectively and efficiently
with geriatric patients and to facilitate their progress in
treatment sessions.

THE CARE-GIVER
Illness and disability present a serious crisis not only for the
patient but also for the family. Responses to illness will affect
the current family interactions and establish new interac
tions with the health care team. A responsibility of the health
care provider is to assist the patient and the family in re
sponding to this crisis.
Assessment of the family should occur at the beginning of
the rehabilitative process. Assessment will provide informa
tion on the individual dynamics of the family, identifying
dysfunctions that may need special interventions. Observing
interactions between key family members and the patient
may reveal dependence issues, fear of the disability, or fatal
ism. Assessment also will reveal cultural or emotional issues
that may be barriers to learning. The therapist must realize
that the family will be experiencing grieving in similar ways
to the patient. 19 The family may exhibit a resistance to in
struction at this time. Often they feel powerless and worry
excessively about the patient. These feelings and behaviors
may be in part because of a lack of knowledge about the pa
tient's future, current disability, illness, or anticipated needs,
resulting in fear and feelings of inadequacy.
Smith and Messikomer reported a study about family
care-givers of 39 geriatric patients discharged from a reha
bilitation center in Pennsylvania.34 Of those who provided
ADL support, one half reported the tasks as burdensome.
Giving baths and dealing with incontinence were particu
larly troublesome, with burden attributed to the amount of
time required for the former and to the unpleasantness of
the latter. The most prevalent problem expressed by care
givers was fear about the impaired person's condition, fol
lowed by the uncertainty about the illness and its treatment
and the conflict between the needs of the care-giver and the
needs of the disabled individual.
The family's fears and apprehensions regarding care
giving must be addressed as soon as they are recognized.
Fear is a great source of stress for families. Fears identified by
Hamberger and Tanner include the following: 16
• Accidentally injuring the patient
• Not knowing what to do in an emergency situation
• Receiving criticism from the patient andlor nursing staff
• Losing leisure or career time to become the care-giver
• Accepting more responsibility than they can handle
• Causing adverse effects on the family as a unit
Teaching basic care-giving techniques using the princi
ples of andragogy can alleviate these fears. Studies have in
dicated providing thorough information about the disease
or disability can significantly decrease stress in care-giving.
Providing the family with clear, necessary information in

written or media format, such as a videotape, provides the
family with the needed information that can be absorbed in
the care-giver's own time and environment. Allowing time
for the care-giver to absorb the information presented will
enhance learning. The family gains confidence as they par
ticipate in care-giving (repetition) and eventually learn to
carry out the treatments independently.
Modeling by the therapy staff can be a valuable teaching
tool to instruct the family care-giver in necessary care. Al
ways approaching a stroke patient from the affected side to
encourage the patient to look to that side is an example.
Practicing hands-on training provides the care-giver with
active participation and the potential for problem solving,
using the professional's input. Often the care-giver will ver
balize that the professional therapists "perform the tasks eas
ily" and "are more successful" with the patient. The therapist
needs to acknowledge to the care-giver that success is due to
familiarity with, and repeated use of, the appropriate tech
niques. The care-giver often may find a better way to per
form the same task and share it with the therapist.
Hamberger and Tanner identify six educational objectives
for the family:16
• Knowledge of illness
• Knowledge of patient's functional potential
• Knowledge of patient's functional limitations
• Knowledge of needed treatments (theory, practical appli
cation, and complications)
• Knowledge of prescribed medications
• Knowledge of available resources
The therapist's awareness of these six objectives can en
sure that the family has adequate information relevant to the
care-giving responsibilities.
Conflicts within the care-giver can create internal stresses
that conflict with the ideal environment needed to opti-mize
the rehabilitation goals. Two stresses identified by Hasselkus
relevant to patient education are (1) a sense of personal
causation ("If only I had gotten to him quicker") and (2)
a fear of inadequacy or "goofing up,:' which can make ac
companying the patient to therapy sessions a frightening
and threatening experience. 17 During the period before dis
charge, an attitude of "they know best" prevails, with family
members passively accepting the therapist's instructions and
recommendations despite fears and doubts about their own
capabilities.
During the period immediately after discharge to home
care, the sense of failure on behalf of the family may shift
from concern about long-term solutions to a focus on day
to-day problem solving. Some care-givers describe this pe
riod in terms of "busy-ness" with multiple services being
provided in the home, whereas other care-givers describe
these services as intrusive: "I was always waiting for some
one" or "my days were never my own." While observation by
the therapist of the care-giver is an appropriate part of a
treatment session, care-givers may perceive such observation
as threatening and respond with agitation and irritation.
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The theme of managing can become predominant as
care-givers struggle to establish routines, to learn new tasks,
and to bring a semblance of comfort to the new situation.
During this period, learning behaviors can reflect tension
between the previous pattern of "they know best" and an
emerging pattern of critique and modification. Initial efforts
to do what they were "supposed to do" are gradually, or
sometimes quickly, modified to be compatible with what the
care-givers perceive to be their own capabilities and their
sense of coping. For many care-givers, their growing sense of
special knowledge may provoke the need to "teach the pro
fessional how:' An eagerness to share what is successful can
prevail. This tension between the care-giver's views and the
therapist's views may derive from the professional's view of
care-giving. The perspective based in professional training
and theoretical background and the care-giver's view of
the situation as a personal experience may be in conflict.
Treatment may not succeed unless discrepancies are recog
nized and resolved. To minimize this clash of perspectives,
the therapist should 'focus on the family as the integrat
ing agency and the primary source of help. According to
Hasselkus, the therapist's role then becomes a facilitator, a
supporter, and an assistant to the family as the family devel
ops self-help strategiesY A specific strategy presented by
Payton and colleagues is a learn-use-teach model whereby
the care-givers learn a skill, practice the skill, and then teach
the skill to others.28
In summary, families as care-givers have unique worries,
concerns, fears, coping mechanisms, and experiences as a re
sult of their care-giving responsibilities. The physical thera
pist would be remiss to ignore these concerns or the wealth
of knowledge and experience that result from daily "hands
on" care. All experienced therapists probably have learned
some of their most "functional" hints from a care-giver or a
patient. In understanding the characteristics of an older
adult learner, the significance and importance of allowing
the care-giver to be self-directed are clear.
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checklists, and return demonstration. Several are described
in this section.

Learning Contract
One very significant finding from adult learning research
states that adults who are internally motivated, as contrasted
with being taught something, are highly self-directing. Learn
ing that is engaged in for purely personal development can
be independently planned and carried out completely by an
individual on his/her own terms and with only a loose struc
ture. Learning that has the purpose of improving one's com
petence to perform a given task or activity mnst take into
account the needs and expectations of the learner, the ther
apist, the institution, and any medical or environmental
concerns that may affect the activity. Learning contracts pro
vide a means for negotiating a reconciliation between these
external needs and expectations and the learner's internal
needs and interests.
Knowles recommends that several steps be followed to
develop a learning contract: 21
• IdentifY the learning need
• SpecifY the learning objectives
• SpecifY learning resources and strategies
• SpecifY evidence of accomplishment
• Carry out the contract
• Evaluate the learning
The imposed environment and structure that inhibit the
older adult's deep psychological need to be self-directing
may result in resistance, apathy, and withdrawal. Learning
contracts provide a vehicle to make the planning of learning
experiences a mutual undertaking between the physical ther
apist and the patient. By participation in goal setting, re
source identification, strategy choice, and evaluation of the
accomplishments, the patient develops a sense of ownership
of, and commitment to, the plan. Furthermore, the basis for
assessment of learning is evident.

Self-Report
ASSESSMENT OF LEARNING
Patient education is only as effective as the results of the ed
ucation and learning experiences. Because instruction has
occurred, it cannot be assumed that learning has been ac
complished. Without evaluation, the instructor has no infor
mation on the success of the instructional activity. Success
ful evaluation not only indicates achievement but also reflects
and provides information on the degree of instructional
effectiveness.
For purposes of this section on assessment, learning
effectiveness is defined as a change in behavior directed
toward achieving the goals agreed upon in the initial pa
tient session. The effectiveness of the educational experi
ence can be evaluated in many ways that vary from tradi
tional tests. Variations of the question-and-answer format
include learning contracts, self-report, interview, diaries,

Self-report often is discounted as a reliable method of eval
uation because of its subjective nature. However, self-report
assessments of noncompliance have been found to be reli
able, and patients often respond favorably to intervention
techniques. Advantages of the self-report method of assess
ment are the speed and ease of administration and, if used
correctly, its facilitation of the patient-therapist relationship.
The supportive, empathetic approach discussed earlier is
recommended to obtain valid information and to develop a
rapport with the patient so that inappropriate behaviors can
be investigated and modified, if indicated.
The issue of empowering the older adult and allowing
him/her to be self-directing may entail giving the patient
permission to be noncompliant. Acknowledging that adher
ence to a particular activity is difficult for the patient provides
a supportive environment so that the patient feels comfort
able in admitting any problems that may be occurring.
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Schunk states that self-report may lack some of the validity
and objectivity of other methods in assessing adherence,
but it can provide instant valuable information in the clini
cal setting. 31

Checklist
A checklist can be used to assist in the evaluation of perfor
mance based on specific criteria. A checklist is an observa
tional tool that allows for observing and recording the pres
ence or absence of behaviors, characteristics, or events in
specific learning situations. Activities on the checklist should
be stated clearly and should reflect the most important com
ponents of the task. The more clearly the actions are de
scribed, the more accurate the learning assessment will be.
The checklist can be used by family members in teaching
each other specific tasks and care-giving responsibilities and
also can be used as a reminder of important components
within a treatment plan.

Return Demonstration
Return demonstration or checkout after instruction is usu
ally some variation of "What did you hear me say?" or "Show
me what you are going to do:' The therapist checks for accu
racy and completeness of what the patient understood from
the instruction. A checkout is important not only immedi
ately after instruction but also at a later date. By observing
the patient perform the activity without cuing from the ther
apist, an accurate assessment of learning can be determined.
Asking the patient to show how the home exercises are being
done provides valuable information on the accuracy of the
patient's understanding-without which adherence to the
program is impossible. Care must be made to avoid a threat
ening or ridiculing atmosphere in order to allow the adult
learner the choice to be self-directing or to be noncompliant.

SelfAssessment Questions for the Therapist
The following questions, identified by Freedman and adapted
by Gardner and colleagues, may be helpful in a self-assessment
of instruction and interaction: 1S
1. Have I correctly assessed what my patient knows? What
has been taught before, and how much does my patient
remember? What technical terminology needs to be re
viewed or clarified?
2. Am I certain that I know what needs to be taught and

5. Did I present information and examples that were rele
vant to my patient? Did I keep the instruction focused
on the main points without cluttering my patient's
information-processing mode with extraneous mater
ial? Were my examples clear and to the point?
6. Did I prevent or avoid an information overload for my pa
tient? Did I present information appropriate for the time
I had with my patient? Did I limit my instructional aids
or handouts to those that emphasized the major points?
7. Were my handouts and other instructional aids appropri
ate? Were my handouts organized, clear, simple, and leg
ible? Was the reading level appropriate for my patient?
Did they accommodate any vision impairment?
8. Did my patient have enough practice time? Did I remem
ber that older learners do not respond well under pres
sure or on timed tasks? Did I help my patient develop a
sense of confidence in the task? Were my verbal and
nonverbal feedback reinforcing?
9. Did I help my patient by providing cues to proper perfor
mance? Did I coach my patient during the practice pe
riod? Did I point out any specifics that my patient could
monitor to determine correct or incorrect performance?
10. Was I sensitive to my patient? Was I aware of my patient's
reaction to the information I presented? Did I try to see
things from the patient's perspective?
The effectiveness of instruction is greatly enhanced by
clear, concise, and direct verbal expression. The therapist's'
nonverbal communication through body language, voice
tone, and eye contact should inspire confidence in the ther
apist without limiting interaction or intimidating the pa
tient. The therapist's verbal and nonverbal behaviors can
contribute significantly to creating a positive learning envi
ronment that is conducive to positive and productive inter
action between the patient and the therapist.

Case Studies

The following three scenarios illustrate selected principles
that have been presented in this chapter. As the reader re
views "The Incident" and "The Dialogue" sections, signifi
cant points that relate to the chapter's content should be
noted. The reader should also check to see whether these
points are included in the "Discussion" and "Summary" sec
tions. The reader should identify more points than are in
what my patient should be able to do as a result of my in
struction? Do the objectives reflect our negotiated goals?
cluded in those sections.
Are they in the appropriate sequence?
Scenario 1: The Inattentive Learner
3. Have I planned an introduction to the instruction? Have
The Incident
I planned how to communicate clearly what will be
Mr. Smith, a 75-year-old white male, was admitted to a re
taught and what my expectations are in this session?
4. Did I present the information clearly and give pertinent
habilitation facility 3 weeks ago for stroke. Although he has
been willing to work toward his goals in all previous sessions,
examples? Did I confuse my patient in my instruction?
Was my instruction in logical sequence, with pauses for
today he is inattentive to the therapist, as observed by his
lack of eye contact, fidgeting, head movement, and other body
my patient to assimilate the information and to ask
questions? Were my directions clear! Were there clear
language indicators. The therapist has to repeat instructions
cut guidelines for my patient to follow?
and questions, and basically no progress is being made.
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Scenario 2: Learned Helplessness

The Dialogue
Therapist:
Patient:

Therapist:

Patient:

Therapist:
Patient:

Therapist:

Patient:
Therapist:
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Mr. Smith, you seem to be preoccupied today.
What's on your mind?
Well, as a matter of fact, I've got a problem I
need to take care of at the bank, and I don't
know how or when I can take care of it.
I can understand why you are preoccupied.
Anytime my bank calls me, I get worried,
too! What could we do to help you with this
problem?
Well, I really need to personally talk with my
banker as soon as possible. But I just don't see
how I can do it. (Pause.) Do you really mean
that you can help?
The best we can do is to at least try. What do
you need?
I need a ride because I have to take care of this
in person. But I don't know if I can get in and
out of the car!
If I can arrange a car and driver for this after
noOI~, would you be willing this morning to
work on how to get in and out of a car?
Do you really think I can learn how to do that
this morning?
Yes, I think you can with some hard work. You
already have worked hard on improving your
balance, and besides, you've been getting in
and out of cars all your life. Let's go do it.

Discussion
The therapist recognized that the patient was distracted and
preoccupied and that there was an obvious obstacle to a
productive treatment session. The therapist provided an op
portunity for the patient to communicate the factors that
were creating interference with this treatment session by
asking an open-ended question that gave the patient the op
portunity to state his need. The therapist further demon
strated authenticity and empathy to the patient's concern
in agreeing that a call from his banker also would concern
this therapist.
With encouragement and another open-ended question,
the therapist facilitated the patient's problem-solving skills.
The patient was~ allowed to maintain autonomy and self
empowerment and was allowed to determine how specific
needs could be met. The therapist also demonstrated valuing
(prizing) of the patient by addressing the patient's need and
by referencing the patient's accomplishments in therapy as
well as past experiences.
Summary
The therapist recognized that the patient's problem was pri
mary to the patient and that the therapy was low on his pri
ority list. Therefore, the patient was not ready to learn. By
having the patient identify the reason for inattentiveness and
then using those needs and concerns, the therapist was able
to negotiate the activity for this treatment session. Therefore,
the patient's goals were accommodated and progress toward
the discharge goals was made.

The Inddent
Mrs. Bailey, a 69-year-old black female, has an above-knee
amputation and has been referred to physical therapy for
prosthetic training. She is accompanied by her husband who
appears impatient and unwilling to let his wife attempt any
task. She appears passive and willing for, if not expectant of,
his assistance. During the evaluation, her passiveness and
helplessness also appear to be her pattern of behavior in the
home setting.
The Dialogue
Therapist:
Patient:
Therapist:
Patient:
Therapist:
Husband:
Therapist:
Husband:

Therapist:
Patient:
Therapist:

Husband:
Therapist:

Mrs. Bailey, what would you like to be able
to do at home that you aren't doing now?
Well, I'd like to be able to do things in my
kitchen.
What kind of things do you want to do?
I want to be able to cook dinner and do
the dishes.
Is your husband doing those things now?
Yeah. I cook and do the dishes because my
wife can't stand up.
What would you like for your wife to be
able to do?
I'd like for her to be able to stay by herself
so I can get out in the fields and do my
work. But that would mean I'd have to
leave her alone, and I just can't do that.
Mrs. Bailey, do you think that you could
be able to stay by yourself?
Well, my husband does everything for me
now. I don't know if I can or not.
Mr. Bailey, it is important to realize that
your wife can learn to do a number of
things for herself if she is given the oppor
tunity. However, it means that you have
to allow her enough time to perform a
task in her way without interfering or tak
ing over.
That's really hard to do. It is easier and
quicker for me to do it for her. Besides, she
was so sick that she really needed my help.
I understand that. You obviously have
done a terrific job, and lots of husbands
would not have done as well as you have.
However, she's progressing so well that she
is ready to learn to walk on her artificial
leg. For both of you to regain the indepen
dence you both want, she needs the op
portunity, the time, and the encourage
ment to begin practicing those things that
together we decide are the next steps in
her treatment program.

Discussion
The therapist recognized that some social barriers prevented
Mrs. Bailey's willingness to participate fully in a treatment
program designed to promote her independence. Chief
among these barriers was her husband's overt willingness to
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assist in her every movement. The therapist was sensitive
that this level of care-giving was required initially and posi
tively acknowledged the husband's care-giving.
The therapist recognized that in order to achieve the level
of independence that both the Baileys desired, less assistance
would be required from the husband and more initiative
from Mrs. Bailey. The therapist achieved this in a supportive
manner by focusing on both of their goals while describing
the process in achieving those goals. In this way, goal negoti
ation is a mutual agreement rather than a unilateral decision
by the therapist.
Summary
The therapist recognized the husband's care-giving in a pos
itive manner and then literally gave the husband permission
to decrease the level of care-giving as part of the treatment
program, thus avoiding the exclusion the husband might feel
as his wife worked toward greater independence. The thera
pist also made the wife aware that her physical condition
now will safely accommodate increased activity and encour
aged the patient's initiative by focusing on the patient's goal
of being able to work in her kitchen.

Scenario 3: The Dominant Hurried Therapist
Thelnddent
Mrs. Miranda, an 80-year-old Hispanic female, checks in for
her scheduled appointment at an out-patient clinic. She tells
the receptionist in a thick accent that her granddaughter in
sisted she come and see about the pains in her right shoul
der but that her granddaughter couldn't come with her. Af
ter a considerable period in the waiting room, she was shown
to a treatment cubicle by the receptionist and was told to
wait for the therapist. The therapist eventually rushed in to
the cubicle and, without introduction, told the patient that
he was here to "fix her shoulder:'
The Dialogue
Therapist:

Patient:
Therapist:

Patient:
Therapist:
Patient:
Therapist:

So, honey, the receptionist tells me your
left shoulder hurts. I think we can fix you
up in a jiffy if you'll just do what I tell you
to do.
(Hesitantly with accent.) Well, really, it's
my(Interprets.) Wudja say? Here, let's look at
your shoulder. (Therapist proceeds to ex
amine left shoulder.) I'm going to get a
hot pack to put on your shoulder. Wait
here.
Si, si.
Wudja say?
Si.
Oh, well, whatever. (Therapist returns
with the hot pack and places it on left
shoulder.) While the heat's on your shoul
der, here's a sheet of exercises I wantcha to
do. Eyeball these, and I'll be back in a
flash.

Patient:
Therapist:

(Looks at the sheet, but her lack of profi
ciency in English impedes her understand
ing. Folds sheet and puts it in her lap.)
(Returns and removes heat.) Well, I know
your little ole shoulder feels lots better
now. Like I told ya, sweetie, you just do
these exercises like it says, and I'll see ya
next week.

Discussion
Mrs. Miranda represents an ethnic population whose
knowledge of health care in the United States is sketchy at
best. Her granddaughter, on the other hand, as a third
generation Hispanic, has become enculturated and recog
nized that her grandmother's traditional home remedies
could be supplemented by professional care. Mrs. Miranda
has some suspicion about people caring for her in an un
familiar environment, but to please her granddaughter,
she agreed to go to the clinic. In addition, Mrs. Miranda is
aware of her limited English proficiency and her thick ac
cent and is reluctant to speak when away from her com
munity environment.
Often an older person has a greater comfort level with a
nonauthoritarian person than with one who represents
power and expertise. Mrs. Miranda told the receptionist and
her granddaughter about her right shoulder pain; however,
she did not persist in her attempt to correct the therapist
when he placed the heat pack on the wrong shoulder. Fur
ther, she did not tell the therapist that she could not read the
exercises on the paper that he gave her. No effort was made
to determine her understanding or to demonstrate and prac
tice the exercises.
This lack of communication occurred not only because of
Mrs. Miranda's natural reluctance but also because of the
therapist's dominant behaviors. The lack of an introduction,
the ageist remarks, and no elicitation of the patient's needs
or reasons for being at the clinic are examples of these be
haviors. The therapist's body language also communicated
to the patient that time was not available for attention to her
situation. The numerous slang words used in the therapist's
hurried speech only confounded Mrs. Miranda's difficulty
with English. No directions were given concerning how she
would make an appointment for next week.
Summary
This scenario attempts to present a negative role model for
patient interaction that could result in, at the very least, in
effective treatment perhaps even to the wrong shoulder, and
at the very most, the patient could actually be harmed if she
didn't understand safety instructions. When communicating
with an older person of an ethnic population, care must be
given to adequately assess the level of English proficiency.
The possibility that cultural perceptions of health care deliv
ery can impede treatment necessitates the therapist's in
creased sensitivity. A willingness to assess the patient's un
derstanding, the rate of speech, diction, attention to the
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patient's nonverbal reactions, and courtesy demonstrate this
sensitivity.

SUMMARY
A therapist with competencies in the various treatment
modalities can be successful with a geriatric patient only to
the degree that the patient chooses to participate fully in the
treatment regimen for the necessary time period. Given a
therapist with the appropriate knowledge and skills in treat
ment techniques and modalities, the degree of success with
a majority of geriatric patients will depend (1) on the pa
tient's physical condition, level of motivation, care-givers,
and support systems and (2) on the therapist's skill as a pa
tient educator.
A therapist who is a successful geriatric patient educator
has developed the following:
• A philosophy of patient education based on (a) some
knowledge of learning theories from which a dominant
orientation has evolVed and (b) clarification of the thera
pist's approach as one of patient empowerment instead of
authoritarian
• An awareness of the characteristics of and sensitivity to the
geriatric patient as an older adult learner
• The ability to develop negotiated goals with patients
• The ability to facilitate patients' learning
• A willingness to regularly and honestly assess the quality
and results of the instruction provided
Patient education as a treatment modality has a solid base
in educational psychology and instructional theories as well
as in everyday experience and practice. Geriatric patients
need and deserve therapists who recognize the importance
of this treatment modality and who will work to develop and
enhance their competency as patient educators.
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ing achieved by spending cuts that included $115 billion in
Medicare and $13.6 billion in Medicaid over 5 years.
As various aspects of the BBA began to be implemented in
1998, health care providers and patients began to experience
the effects of these spending cuts. After extensive lobbying by
all affected groups, the Balanced Budget Refinement Act of
1999 was passed, which restored $12 billion in cuts to providers
and made adjustments to better implement the original bill. 3,5
The American Physical Therapy Association (APTA) and phys
ical therapists formed a grassroots effort to impose a morato
rium on a previously instituted $1500 cap on outpatient phys
ical therapy. That process was a dramatic example of the
importance of the physical therapist's role, both individually
and collectively, as legislative advocate.
Health care is changing rapidly. The reader is directed
to the Medicare, Health Care Financing Administration
(HCFA), and the APTA web sites to read up-to-date informa
tion on legislation, regulatory interpretation, and opportuni
ties for professional legislative advocacy.

INTRODUCTION
In 1994, the federal government took a significant step to
ward reforming the American health care system. On a na
tional level, legislators, consumers, and providers debated
about our health care system. Many issues surfaced in this
debate----the most important being whether health care is a
right for all citizens. It was generally agreed that everyone
has a right to health care, but no consensus was reached on
how to finance and structure a system for delivering care.
Consumers, legislators, and providers still differ about the
mix of private and public fiscal responsibility for health care,
in particular, long-term care.
A second important step was made in 1997, when the fed
eral Balanced Budget Act (Public Law 105-33) was passed. 2
This was considered to be the most important bill affecting
health care since Medicare was enacted in 1965. For the first
time since 1969, the federal deficit was eliminated. This was be

INSURANCE PROGRAMS
The federal government provides about 80 programs to assist
the elderly either directly or indirectly with long-term-<.:are
problems. There is no one program, however, designed to ad
dress alliong-term-care problems in a comprehensive and co
ordinated manner. There is uniformity among states only in
the Medicare program. Benefits in other insurance programs,
such as health maintenance organizations (HMOs), vary from
state to state. A major concern for elderly patients is the con
fusion and changes in services and reimbursement as these
patients transition from and to different settings for their care.
Primarily four funded programs provide elder care:
Medicare, Medicaid, Title III of the Older Americans Act, and
Social Security Block Grants. An overview of the programs
that offer physical therapy services to the elderly are dis
cussed here.
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Medicare
In 1965 the federal government became directly involved in
health care in its enactment of Title 18 of the Social Security
Act, known as the Medicare program, which provided for
funding for acute medical care for persons 65 years or older
and certain persons with disability. Medicare was not in
tended to be a program for long-term-care needs. Persons
advocating national health insurance thought that a com
prehensive system for the United States would soon be de
veloped. However, to date, such a system is not in place, and
both practitioners and administrators are faced with work
ing with the Medicare program as the major source of fund
ing for elder care.
The federal government, through HCFA, administers
Medicare. HCFA contracts with private insurance organiza
tions called intermediaries and carriers to process claims and
make Medicare payments. Medicare is a two-part program
consisting of (1) Hospital Insurance (Part A), which helps
to pay for inpatient hospital care, some care in a skilled
nursing facility (SNF), home health care, and hospice care
and (2) Medical Insurance (Part B). Medicare B helps to pay
for physicians' services, outpatient hospital services, durable
medical equipment, and some services not covered under
PartA.9
The Balanced Budget Act (BBA) of 1997 added Part C,
the Medicare+Choice Program. This program allows bene
ficiaries a wider choice of benefit programs that can include
HMOs, plans offered by provider-sponsored organizations,
or use of a medical savings account (MSA) or private fee-

To be covered by Medicare, all the following conditions must be
met. The equipment must be:
1. Prescribed by a physician
2. Rentable from a supplier (the method preferred by Medicare),
returnable, and therefore, reusable by other patients
3. Used for a primarily medical purpose
4. Useful only to individuals who are sick or injured
5. Appropriate for use in the patient's home
Examples of equipment that may be covered:
Walker, cane
Wheelchair
Prosthetic device for limb
Prosthetic device for internal body organ
Corrective lenses after cataract surgery
Colostomy or ileostomy bags
Breast prostheses
Leg, back, neck brace
Orthopedic shoes only if an integral part of a leg brace
Surgical dressings, splints, casts
Oxygen equipment
Examples of equipment never covered:
Orthopedic shoes without a brace
Dental devices

for-service plans. MSAs are accounts with fixed amounts of
money determined by the insurance companies for the in
sured to control for payments of certain types of health care.
These have been used by some insurers in the private sector,
but not until now with Medicare recipients.
Box 26-1 lists criteria for some of the items most often
needed by physical therapists for their patients. Equipment
is covered under Part B of Medicare. A physician's prescrip
tion is necessary for all items, but this alone will not guaran
tee coverage by Medicare. Medical necessity must be docu
mented, and it is often the physical therapist who is most
able to address why equipment will improve the patient's
functional outcome.
Generally, Part A Hospital Insurance coverage includes
deductibles and co-insurance, but most persons older than
65 years do not pay premiums if they receive benefits under
Social Security or the Railroad Retirement system. In addi
tion, persons younger than 65 can receive Part A benefits
without paying premiums if they have been receiving Social
Security or Railroad Retirement Board disability payments
for more than 24 months.
Part B Medical Insurance includes premiums, deductibles,
and co-insurance amounts that the individual pays himself!
herself or through coverage by another insurance plan. Table
26-1 shows a comparison of benefits under Medicare parts A
and B.
The federal government pays groups of practicing physi
cians and other health care professionals to review the care
given to Medicare patients. These groups are called Peer Re
view Organizations (PROs), and they have the authority to
deny payments if care is deemed not medically necessary or
has not been delivered in the most appropriate setting. PROs
are also responsible for investigating beneficiary complaints
about poor-quality care.
Although review of care should serve to improve quality
and reduce costs, it can also have a negative financial im
pact on health care providers. Medicare reviewers may de
termine retrospectively that based on the provider's docu
mentation, a claim for physical therapy services is not
medically necessary and deny payment to the therapist. If
the therapist or facility has a large Medicare population

TABLE 26-1

BENEFITS UNDER MEDICARE
TYPE OF INSURANCE

Part A Hospital Insurance
No premiums if benefits under
Social Security
Must pay deductibles and
coinsurance
Part B Medical Insurance
Must pay premiums to receive it
Must pay deductibles and
coinsurance

HELPS TO PAY FOR

Inpatient hospital care
Skilled nursing facility care
Home health care
Hospice care
Doctors' services
Outpatient services
Durable medical equipment
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and payment denials occur frequently, the therapist or fa
cility may be unable to meet costs. Later in this chapter,
suggestions for addressing this issue with patients and with
Medicare are discussed.
Costs have escalated in the Medicare program, making it
imperative for the government to closely scrutinize the care
being provided. An important change in reimbursement in
the Medicare program occurred in 1983 when a Prospective
Payment System (PPS) was enacted. Initially implemented in
the acute care setting, with the enactment of the Balanced
Budget Act, the PPS was extended to be adapted to skilled
nursing and rehabilitation facilities, outpatients, and home
health agencies. Under this system, specific predetermined
rates are set for each discharged patient. Diagnosis-related
groups (DRGs) are the basis for this reimbursement system.
In the DRG system, inpatients who are medically related in
terms of diagnosis and treatment and who are statistically
similar in their length of hospital stay are grouped in the
same category. Diagnoses are categorized into a total of 467
groupings, and a dollar amount is assigned for reimburse
ment for each of the groups. Hospitals are paid a fixed
amount for each patient based on the principal diagnosis for
each Medicare hospital stay. In some cases, the Medicare
payment is more than the hospital's costs; in other cases, the
payment is less than the hospital's costs. Hospitals can keep
the excess payment, but patients are not required to make up
the difference if the hospital is paid less than the cost of pro
viding service for a specific hospitalization. The hospital can
receive additional payment for "outlier" days, which extend
the length of stay due to medical complications. Although in
theory the enactment of the PPS has not reduced benefits for
Medicare recipients, there is the potential for hospitals to de
crease the amount of service and quality of care to patients
as they attempt to keep the length of stay of the elderly as
short as possible to achieve maximum reimbursement from
Medicare.
Medicare defines benefits under benefit periods. The first
benefit period begins the first time a patient enters the hospi
tal. It ends when the patient has been out of a hospital or other
facility that primarily provides skilled nursing or rehabilita
tion services for 60 days in a row. Ninety days of care are al
lowed in each benefit period. There is no limit to the number
of benefit periods a patient can have for hospital and skilled
nursing care.
As of 2000, Part A pays for all but the first $768 of covered
services for days 1 to 60 of a hospitalization. For days 61 to 90,
Part A pays for all except $192 per day. If a patient goes beyond
the 90 days of care in a benefit period, up to 60 lifetime reserve
days can be applied toward care. The patient must pay a co-in
surance of $384 per day for each lifetime reserve day used.
Deductibles and co-insurance are a part of the Medicare
plan. The patient pays the first $100 annually for covered med
ical expenses under Part B. The co-insurance for most outpa
tient services was 20% of "approved" or "reasonable" charges.
Medicare has specific guidelines on approved care and ceilings
on the amount considered "reasonable" as a charge.
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Reimbursement in all settings that provide treatment to
Medicare patients is in a period of transition as rules and
regulations are implemented based on the Balanced Budget
Act. It seems inevitable that ethical dilemmas will be en
countered more frequently as less service is reimbursable
for patient care through the Medicare program, as providers
see that services are needed, will not be covered by
Medicare, and cannot be afforded by the patient (see also
Chapter 27).

Prepaid Health Plans
Prepaid health plans such as HMOs contract with Medicare
to provide service to Medicare beneficiaries. Medicare pays
these organizations directly for services. Elders may also
choose to enroll in a prepaid health plan, if there is one
available in their area, rather than receive benefits under
Medicare's traditional fee-for-service system. These prepaid
health plans charge the beneficiary fixed monthly premiums
and minimal co-insurance payments. The benefits to the el
derlyare (1) minimal paperwork since they generally do not
have to file any claims and (2) additional services offered by
many organizations at minimal or no cost, such as preven
tive care, dental care, hearing aids, and eyeglasses. In addi
tion, since 1991, most HMOs that enrolled Medicare benefi
ciaries were required by the Medicare program to provide, at
no additional charge, extended hospital and skilled nursing
facility stays, expanded home health benefits, respite care,
and coverage for certain drugs. 9,lo
A potential disadvantage for beneficiaries who choose an
HMO is that they may have a limited choice in doctors, ther
apists, and hospitals. The HMO usually specifies which
providers can be used in order to receive benefits. Since in
come received by the HMO is on a prepaid basis, there is in
creased incentive for the organization to minimize costs. A
"gatekeeper;' often a nurse or physician, may be used to con
trol unnecessary use of services. HMOs ration physical ther
apy services by requiring physician authorization for a fixed
number of visits. An elderly patient with a chronic problem
requiring long-term physical therapy may find limited cov
erage authorized for a specific problem. This is more likely to
occur in this setting than under the Medicare fee-for-service
program.
Provisions in the Balanced Budget Refinement Act have
helped to lessen the financial burden on HMO providers
who are Medicare providers, recognizing that there needs to
be adequate reimbursement to providers who agree to par
ticipate with the Medicare program.

Medicaid
The federal government became involved with health care
for low-income individuals through the 1965 congressional
enactment of Title 19 of the Social Security Act. Financial as
sistance for low-income elderly is available through a joint
federal and state program called Medicaid in most states. In
contrast with the Medicare program, Medicaid does support
long-term services, principally nursing home care, but only
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for specified low-income persons or only after persons have
exhausted their own resources. Medicaid also covers adult
day care, which allows supervision of elders who are not safe
alone all day, prepares meals, and provides socialization. The
PACE program described in the following text is an example
of how the services of adult day centers are being expanded
to be more comprehensive.
To qualify for Medicaid, annual income level generally
must be at or below 133% of the national poverty level and
the individual cannot have access to many financial re
sources such as bonds, stocks, or bank accounts. This would
mean in 2000 that a family of three would qualify for Med
icaid if their income were less than $16,032.8,11 The state gov
ernments assist individuals by paying for health insurance
premiums. Each state sets its own guidelines as to who qual
ifies for assistance. Physical therapists must know the specific
requirements of each state in which they practice.

Supplemental Insurance, or Medigap, Policies
Elders under Medicare are responsible to pay a co-payment
of 20% for many of the services provided under parts A and
B. This can be a significant amount of money for an elder
with frequent hospitalizations and ongoing medical prob
lems. This has prompted the need for supplemental, or
"Medigap:' policies: policies underwritten by private insur
ance companies to cover such costs. This supplemental in
surance may be purchased to cover the 20% co-payment.
The future of Medigap policies is in question given the high
cost of the premium, making the policy available only to el
ders with substantial financial resources.

Private Long-Term-Care Insurance
Elders primarily have two choices to pay for long-term care.
One is to pay out-of-pocket until their resources are de
pleted and apply for Medicaid, under which nursing homes
are a covered service, or to purchase private insurance. Nei
ther choice provides a comprehensive solution for elders.
Long-term care raises issues about relationships, roles, and
responsibilities as much as it does about health, illness, or
regulations.
Medicare does not cover any long-term-care needs iden
tified as "maintenance" care in any setting. Maintenance care
is defined by Medicare as any care that does not significantly
increase the patient's function but only maintains the condi
tion of the patient.
Cost estimates of a I-year stay in a nursing home aver
aged $46,000 per year in 1995, a staggering cost for elders
and families. 4 Costs to keep an elder at home are not neces
sarily less than costs in a nursing home. To stay at home, pa
tients may need nursing care, homemaker, aide, medical so
cial services, rehabilitation therapies, medical supplies,
education, and training and counseling for themselves and
care-givers. Full-time home health care can easily cost $250
per day or upwards of $45,000 if a patient needs full-time
care for 6 months.

Although the number of individuals buying long
term-care insurance is increasing, barriers still exist. There is
still confusion about what is covered by the federal govern
ment, concerns about how to choose the product, cost, and
insufficient knowledge about the risk of needing long-term
care. The Kennedy-Kassenbaum Bill, passed in 1994, gives a
tax advantage for purchase oflong-term-care insurance and
may provide incentive for purchasers.
The cost of individually purchased long-term-care insur
ance rises dramatically with age, approaching the cost of
long-term care itself. This raises the issue of the need for
public funding for such coverage.7
Long-term-care policies need to be reviewed carefully
before purchase. There can be exclusions specifically for
the care needed. For example, coverage might require the
home-care provider to be state licensed or Medicare certi
fied. Although this might first appear beneficial to the pa
tient and no immediate barrier to services, many states do
not license all home health care providers. If a state does
not license home care, benefits would be unavailable to the
patient. In evaluating any long-term-care policy, one
should consider such things as whether there is a required
hospital stay to receive benefits, guaranteed renewability,
inflation coverage, coverage for home health care, and spe
cific coverage of Alzheimer's and other organic-based men
tal illness.
A good policy should pay for benefits when the insured
cannot perform basic activities of daily living (ADL). Who
should buy these policies? These types of policies most
likely help persons in the middle-income range. Elderly per
sons who have exceptional financial resources and could af
ford to payout of pocket for a nursing home for several
years usually do not need a such policy. Elderly persons who
have very little money usually cannot afford the policy pre
mium. Individuals should be cautioned in purchasing poli
cies because these policies are relatively new, and it is not
clear, given the escalating costs of health care, whether in
surance companies will be able to fulfill the obligations of
the policy.
DOCUMENTATION REQUIREMENTS
FOR REIMBURSEMENT
There are three important requirements for reimbursement
to physical therapists under the Medicare program. First,
services must be prescribed by a physician. Second, services
must be "reasonable and necessary" to the individual's illness
or injury and under accepted standards of medical practice;
they must be of a level of complexity and sophistication such
that only a licensed physical therapist can provide the ser
vices; and the expectation must exist that the condition will
improve significantly in a reasonable time period. Third,
physician re-certification is required every 30 days. Certifica
tion can be accomplished by written communication be
tween the therapist and physician.
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These documentation requirements might seem easily
met, even though the requirement for physician referral and
continued authorization negates any direct access to phys
ical therapy where allowed by state laws. In practice, docu
menting so that reimbursement is received for service not
only requires a knowledge of Medicare guidelines but also
additional help from therapists experienced in documen
tation and articles, such as those published in APTA pub
lications, that address practical issues and offer "how-to"
suggestions.
Examples of documentation that would support reim
bursement for physical therapy for Medicare patients in
clude the following:
1. Range of motion (ROM) measurements show loss of mo
tion compared with the unaffected side.
2. Strength shows significant loss-in zero, trace, poor, fair
range.
3. Type of exercise includes resistive exercises with weights
or manually, muscle re-education, proprioceptive neuro
muscular facilitatiori, and stretching.
4. Patient is treated for more than just pain, i.e., loss of
ROM and/or strength.
S. Examination is complete with measurement of ROM,
strength, and functional assessment, and patient shows
steady progress with objective evidence of improvement
in baseline tests and measures (strength, ROM, functional
assessment) .
6. Patient shows functional gains as a result of treatment.
The following example of an initial examination sum
mary meets the requirements for Medicare reimbursement:
This 70-year-old female patient suffered a fall 2 weeks ago, sustaining
a left ankle eversion strain. She has rheumatoid arthritis, diagnosed
10 years ago, and has hypertension for which she is on daily medication.
Patient presents in physical therapy with impaired ROM and strength
on manual muscle test (see details in initial examination) in the left an
kle, impaired joint position sense in the left ankle, and a compensated
gait pattern secondary to ligamentous instability of the lower extremity.
Unsupported standing balance is Fair. Patient requires contact guarding
in ambulation using a walker. Patient was previously ambulating up to
two blocks without an assistive device. She was independent in all ADL.
She is at risk for falls due to her impaired balance. The goal of physical
therapy is to return patient to previous level of functioning. It is antici
pated that she will need physical therapy intervention two to three times
per week for 4 to 6 weeks consisting of therapeutic exercise, muscle re
education instruction in safety, balance and gait training, community
mobility training, and a home exercise program.
Jan. 10,1999
J. Jones, P.T. License # 1111

It is important to specify the impairments and functional
limitations of the patient. Other medical diagnoses or com
plicating factors may be included to help explain why
progress might be slow. The reader is referred to the APTA
Guide to Physical Therapist Practice for understanding the el
ements of patient management and intervention strategies
for particular patient diagnostic groups.
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Examples of physical therapy services that would not be
covered under Medicare include:
1. Maintenance therapy that includes a program in which
expected improvement is insignificant in relation to the
extent and duration of the service
2. General strengthening exercises that maintain strength
and endurance
3. Hot packs and paraffin
4. Passive ROM
At issue for physical therapists are those patients who
require the skills of a physical therapist to "maintain" their
condition because of the complexity of their medical!
psychological status. For example, patients with medical
conditions such as multiple sclerosis or Parkinson's may
have a need for periodic re-examination to change a mainte
nance plan rendered by an unskilled provider (family mem
ber, nursing aide, physical therapy aide). Careful documen
tation is necessary to demonstrate that such care should be
covered under Medicare.
It is important that physical therapists understand in
surance regulations to assist the patient and family in de
termining whether Medicare or other insurance programs
might cover the needed therapy. The therapist cannot
assume because a physician (or podiatrist or dentist) has re
quested physical therapy service that an insurer will cover it.
REIMBURSEMENT METHODS
IN DIFFERENT SETTINGS

Acute Care
Reimbursement for physical therapy services in acute care
settings is included in the fixed payment assigned to the par
ticular DRG under the PPS. Thus, whether a hospital pro
vides physical therapy once a day or twice a day for 7 days a
week, the reimbursement stays the same. It is therefore in the
hospital's financial interest to determine the intensity of ser
vice that can reduce hospital length of stay and to provide no
more than that minimum.
Physical therapists in acute care settings must demon
strate their value in reducing hospital length of stay. New
models of care are being created as providers attempt to pro
vide the quality and amount of care to the patient within the
constraints of reimbursement allowed for care.
One such model is termed subacute care and is provided
in a transitional care unit or in some instances in an SNF.
Some consider this model to be a variation on care that has
been provided for years, but it has been given a new name.
Subacute care is comprehensive inpatient care designed for a
patient who has had an acute illness. Care is generally more
intensive than that provided in an SNF but less intensive
than that provided in an inpatient rehabilitation facility.
Physical therapists provide care in this setting as part of a
multidisciplinary team.
Although the PPS is not affected by the BBA in the
acute care sector, a transfer rule is part of the law. Patients
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considered for transfer are those with select diagnoses-
stroke; amputation; major joint replacements; hip, femur,
and pelvic fractures; skin grafts--and those receiving ventila
tor care, those with organic disturbances, and those
discharged earlier than average from an acute care hospital to
any post-acute inpatient program. The acute care hospital
does not receive all of the DRG payment. This has created an
incentive for acute care hospitals to develop subacute units in
order to keep patients and thus maximize reimbursement.

Inpatient Rehabilitation
The elimination of a cost-based system between 1999 and
2001 has resulted in a transition to a PPS in all settings. Be
cause of this, these settings, each to varying degrees, will no
longer be able to increase the intensity of physical therapy
and other rehabilitation services or add programs and re
ceive additional reimbursement.
This change significantly affects staffing patterns in these
settings. Like acute care settings, inpatient rehabilitation
hospitals will now need to stay within cost limits as they re
ceive pre-established fixed fees for patient care. It is probable
that facilities will question whether less costly personnel,
such as physical therapist assistants, or even aides, can be
substituted for physical therapists. The impact of the BBA
was positive to the extent that it eliminated overuse of health
care resources. The potential for a negative impact exists if
poor patient outcomes result due to insufficient or inade
quate care.

Skilled Nursing Facility
An SNF has staff and equipment to provide skilled nursing

care or rehabilitation services and other health services.
Most nursing homes are not SNFs, and many SNFs are not
Medicare certified. If certified as a Medicare provider, the
SNF provides care und,er Part A coverage. As part of the
BBA, SNFs are transitioning to a PPS. Skilled nursing facili
ties have the financial incentive to provide care at the least
cost. It is increasingly important for physical therapists to ac
tively examine the necessary mix of rehabilitation staff
(aides, physical therapist assistants, physical therapists) and
to demonstrate the relationship between functional out
comes and skilled service in order to financially justify
service.

Outpatient Rehabilitation
Medicare requires certification for any facility or indepen
dent practitioner who provides care to Medicare patients.
Certification requirements include such areas as quality as
surance, safety, nondiscrimination, and documentation
standards. Medicare can withdraw certification from a facil
ity or individual if standards are not met.
The $1500 cap per calendar year previously imposed on
Medicare recipients receiving PT, OT, and SP in outpatient
care in all but acute care outpatient hospitals was suspended
until 2002. During this time of suspension, the HHS secre

tary will be examining a mechanism to ensure appropriate
use of services and payment based on criteria that includes
such elements as diagnosis and functional status. This sus
pension, as part of the BBA Refinement Act, was a remark
able demonstration of the effectiveness of lobbying efforts
by individual providers, individual patients, and our profes
sional association who were seeking legislative change. The
$1500 cap in the BBA, even though raised from $900, was
inadequate for Medicare patients with complex rehabilita
tion problems. Physical therapists should be encouraged
that it is possible to achieve positive social change in a com
plex reimbursement system.

Home Health
Home health care not only provides skilled care services
such as nursing, physical therapy, home health assistance,
and speech therapy but also includes sophisticated services
such as nutritional feeding via feeding tubes; intravenous,
antibiotic, and pain therapy; and chemotherapy. This has in
creased the level of complexity of the patient conditions with
which physical therapists work.
While the BBA legislated a PPS for home health and a
15% reduction in payment to home health agencies, the
Refinement Act delayed its implementation. Additionally,
the BBA required that home health agencies complete the
Outcome and Assessment Information Set (OASIS) ques
tionnaire to patients beginning in fiscal year 2000. The PPS
is similar to the system already used in acute care settings.
The home health agency receives a fIxed amount of money
for an admission and is expected to provide all necessary
care, rather than bill for individual services it provides.
Some of the challenges in home care are to develop a case
mix that will accurately determine patient characteristics
that are predictive of home health resource utilization, en
abling a basis for adequate reimbursement in the PPS, and
to demonstrate patient outcomes related to provision of
physical therapy.
The Medicare definition of homebound is important in
determining benefits to homebound elders. Generally, the
homebound requirement is met if at least one of the follow
ing characteristics are present:
L If a patient has a condition due to an illness or injury that
restricts his/her ability to leave home except with the aid
of supportive devices, such as crutches and canes, or the
assistance of another person
2. If leaving home is medically contraindicated
3. If a patient has a psychiatric problem that would make it
unsafe for him/her to leave home unattended, even if
he/she has no physical limitations
Patients may still be considered homebound if absences
are infrequent, for short time periods, or are for the purpose
of obtaining medical treatment.
Currently, Medicare will pay for covered home health
service by a physical therapist employed by a participating
home health agency or an independent Medicare-certified
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physical therapist. Medicare currently has a requirement
that an independently practicing therapist must maintain
an office with equipment that is surveyed by a Medicare
representative before certification is issued. This is a disin
centive to physical therapists who wish to have only home
health patients as their population, as it adds an increased
financial investment to meet the Medicare rule of an of
fice. Private insurers that cover physical therapy in the
home may only require that a therapist be licensed in that
state.
As each health care setting attempts to be more cost
effective and cost-efficient, it is likely that patient length of
stay will decrease. The need for home health services may in
crease dramatically as patients are discharged sooner.

Hospice Care
Hospice care offers an important choice to patients. A hos
pice is a public or private organization that provides sup
portive services and pain relief to terminally ill patients in a
home setting. Medicare Part A helps to pay for these services
when the following conditions are met: (1) a doctor certifies
that a patient is terminally ill, (2) a patient chooses to receive
care from a hospice instead of standard Medicare benefits
for the terminal illness, and (3) care is provided by a
Medicare-participating hospice program. Physical, occupa
tional, and speech therapy are covered under Medicare, as
are all other services, when treatment is for pain relief and
symptom management. 9,10
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Retirement Communities
Retirement communities can be divided into two categories.
They either (1) provide health services directly or indirectly
or (2) provide no health services at all. Those that offer
health services are becoming known as continuing care re
tirement communities. These communities may provide
long-term nursing care or limited emergency care. They
may finance these services through a rental fee, on a fee
for-service basis, or through an entrance fee. Similarly, the
housing units may be rental, cooperative, condominium, or
entrance-fee type.
Some retirement communities, realizing the benefit to at
tract the elderly, offer preventive exercise programs. Reim
bursement for this service, which might be provided by a va
riety of individuals including dance instructors, health club
instructors, or physical therapists, can be by contractual
arrangement with the retirement community. Physical ther
apists need to increase their involvement particularly in
these communities because this is an ideal setting for pre
vention and wellness education and exercise.

Nursing Home/Chronic Care

REIMBURSEMENT ISSUES
The enactment of the BBA has raised significant policy is
sues regarding the adequacy of reimbursement for health
care services. The complexity of insurance programs, lack
of long-term-care elder coverage insurance funded
through the health care system, and the need for an inte
grated system of care delivery are three of many issues re
quiring debate.

Nursing homes do not receive reimbursement under the
Medicare program if they provide only maintenance care.
Some nursing homes, however, are licensed as SNFs and re
ceive Medicare reimbursement for care provided at the
skilled level.
The joint state-federal Medicaid program covers care in
nursing homes that do not qualify for Medicare because they
provide a lesser level of skilled service. In these settings, the
physical therapist's role is usually to evaluate patients for
their ability to make functional gains and to develop pro
grams for nursing or physical therapy aides or assistants to
perform. The therapist may be an employee and receive a
salary or, as in a growing number of instances, provide ser
vice under a contractual agreement with the facility.
A major legislative change that addressed nursing home
needs was the Nursing Home Reform Amendments of
OBRA, '87, effective October 1990. 1 This legislation fo
cused on a new philosophy whereby nursing homes were
required to focus on each individual's highest potential for
physical, mental, and psychosocial well-being by assessing
these abilities and developing plans of care for individuals.
Most of an elder's needs for long-term care are primarily
for physical and personal care. Many elders reside in a
nursing home because no coverage for this costly care is
provided.

Legislative changes will affect care to elders in all settings,
and the Medicare and Medicaid programs may become
even more complex both for providers and patients as
rules and regulations change. Dramatic changes have been
legislated with providers given little time to prepare for
these changes.
There may be more instances in which disagree
ments over health care coverage are taken to court. While
adding documentation requirements may seem burden
some, it is in effect the only means of demonstrating the
necessity of the care that is given, that significant func
tional outcomes are achieved, and the only means of elimi
nating arbitrary decisions regarding coverage of services. Re
sorting to legal venues to resolve disputes with insurers
certainly cannot be the preferred method for creating
change. The physical therapy profession has made sig
nificant progress in developing a framework of its examina
tion and intervention skills through the APTA's Guide to
Physical Therapist Practice. It is essential that therapists in
corporate this framework and terminology into practice to
improve the ability as a professional body to be consistent in
documentation and understood by other providers and
insurers.

Complexity ofInsurance Programs
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Lack ofLong-Term-Care Coverage
The United States needs continued philosophical debate
about long-term care to establish agreement about America's
values and expectations. Funding issues will include what
mix of public and private coverage is acceptable. If coverage
is primarily public, there will be the difficult task of deciding
the absolute level of expenditure, trying to estimate the
amount of expenditures needed by elders in the future, and
how individual states will participate in the administration
of long-term-care benefits. It is crucial that there be advo
cacy for women and their unique health needs in this debate.
The majority of long-term-care beneficiaries are frail, el
derly, single women, and most of the care providers (regis
tered nurses, licensed practical nurses, certified nursing as
sistants, housekeepers, dietary staff, and physical therapists)
are women as well.

NEED FOR INTEGRATED CARE
Patient length of stay in all settings is decreasing as elders are
quickly transferred to the least costly settings for each phase
of their care. For elders and their families, this can be per
ceived as discontinuity of care with sometimes abrupt and
frequent transfers. This lack of integrated care is a problem
that must be addressed.
ADVOCACY ROLE OF PHYSICAL
THERAPISTS
Programs for populations such as the frail elderly, well el
derly, older athletes, and adults with developmental disabili
ties are discussed in other chapters in this text. In the current
health care system, health insurers do not often cover pro
grams that address prevention and wellness. Most insurance
policies create a financial incentive for patients to wait to
seek help until sickness occurs. For example, carriers will pay
$30,000 for coronary artery bypass surgery but will not pay
$2,000 for a cardiac rehabilitation prevention program.
Many programs should be expanded if physical therapists
are to prevent many injuries and subsequent illness from oc
curring.
Arguments are made supporting both the need to have
such programs covered under health insurance policies and
the need to have some costs borne by the patient. Therapists
cannot, however, wait until insurance companies cover a
program to develop it. Active involvement is necessary
through state and national organizations to convince insur
ers and patients of the value of physical therapist's services.
Many programs to the elderly can be provided at low cost,
and supportive personnel can be used to assist in the pro
gram. All practitioners are being increasingly challenged to
become more efficient in their delivery of care and to ensure
insurers that they are providing care at the least possible
cost. Therapists will need to be increasingly creative as to
how to develop, market, and financially support programs

that are vital to the elderly and require a physical therapist's
knowledge and skills.

NEW MODELS
The economist Victor Fuchs has estimated that if the trends
we have experienced in the past years continue, health care
consumption by older persons in 2020 will approximate
$25,000 per person (in 1995 dollars) compared with $9200
in 1995. 6 New models for delivery of care are needed.
There may be more creative ways to provide service to
functionally and cognitively impaired elderly persons. We al
ready know that the current structure has not been serving
the American people well. Increasing the number of resi
dentially based services and the flexibility of such services
may offer the elderly more privacy, freedom of choice, and
dignity.
New models for living situations are being developed for
the elderly. One model is that of a "full-service" life care re
tirement community where elderly persons can use the eq
uity from a home purchased years ago, which is now too
large, to purchase a smaller living unit in a complex that of
fers meals, nursing care, activities, medical supervision, and
transportation. This can be ideal for a single person or even
a couple in which one partner is frail and may have nursing
needs. It allows the elderly the independence of owning their
own living quarters but having services readily available. Un
fortunately, this approach does not serve economically dis
advantaged elders who don't own a home and have few re
sources to stay independent.
There also are new initiatives to integrate the primary,
acute, and long-term-care services funded by Medicaid and
Medicare. These integrated systems should be more cost
effective than the current system of care. One such inte
grated program is called the Program of All-Inclusive Care
for the Elderly (PACE). The federal government has funded
10 of these sites across the country. The elders served by
PACE must be at the point to which they otherwise would be
admitted to a nursing home. Instead of placement in a nurs
ing home, this program allows the elder to stay at home but
attend a day-care center where he/she receives comprehen
sive medical care, physical therapy if needed, meals, personal
care, and socialization. The Medicare and Medicaid reim
bursements are pooled, minimizing cost shifting between
these programs.
States also are pursuing reform in their long-term-care fi
nancing and delivery systems through funding under private
foundations. These initiatives are encouraging and may re
sult in models of care that can be expanded to be effective
across the country.
Physical therapists will increasingly need to be involved in
the development of regulations, quality assurance, and reim
bursement criteria for physical therapy as it is provided in all
settings. The Balanced Budget Act established reimburse
ment for the provision of care through high-capacity com
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puting and advanced networks, termed telehealth service, in
rural health manpower shortage areas. This presents an op
portunity for physical therapists to creatively address
health care needs. As written, the BBA does not identify
physical therapists as providers to be reimbursed for tele
health. Therapists will need to advocate participating in
this service.
Physical therapists will also need to further educate pa
tients and insurers about what the profession can offer
with more evidence that it is cost-effective. Physical thera
pists will need to develop a better understanding of all
needs of the elderly and a positive definition of "maintain
ing function" as they work with patients who have diseases
that may span decades. It may be that the physical therapist's
role as a patient educator increases and that is where a sub
stantial portion of the "skill" of the profession will lie in the
future.
SUMMARY
This chapter has provided a framework for understand
ing the planning and financing of long-term--care ser
vices and explored some of the issues surrounding the
need for changes in reimbursement systems. Legislators,
insurers, and health care providers have the task of in
terpreting current reimbursement regulations, advocating
change for legislation that is not serving elders, and de
veloping a comprehensive system for financing services
for the elders.
Escalating health care costs have been an impetus for
physical therapists to critically review care. Physical
therapists are facing a critical opportunity to further de
fine the profession through the legislative process, more
effectively use physical therapist assistants, and expand
settings in which therapists provide care in order to
participate as an efficient and effective providers in
health care delivery.
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ND LEGAL

PHYSICAL

OUTLINE

guide conduct. The law deals with a smaller set of behaviors,
including actions performed in a professional role, and
judges their legal rightness or wrongness according to the
rules agreed upon by specific legislative and judicial bodies.
Often, law and ethics overlap, as their concerns are similar
even if their scopes and processes are different. In the present
day, law and ethics have largely been blended into common
standards of professional conduct (Fig. 27-1). Almost with
out exception, professional conduct that constitutes a breach
of ethics also constitutes a violation of law, and vice versa.
Many decisions by health care professionals regarding health
care delivery require thorough knowledge and careful analy
sis of professional ethical and legal duties, as well as compli
ance with professional ethical and legal standards. As with
legal requirements pertaining to physical therapist practice,
ignorance of professional ethical responsibilities is no excuse
for noncompliance.
The advent of managed health care delivery in the 1980s
and its exponential growth during the 1990s have resulted in
both problems and promise for health care professionals.
Managed care is an amorphous concept that has been de
fined in different ways by various authorities. Everyone
agrees, however, that managed care is a system of health care
service delivery that focuses significant attention on cost
containment, as well as the quality of patient care delivered
by the system. Managed care in the 1990s has become the
private sector analogue to the failed federal public-sector
health care reform initiatives of the early part of the decade.
Managed care has created profound challenges for pro
fessionals in all health care disciplines and significant ethical
concerns. Of principal concern is the fact that, for the first
time, the health care delivery system under managed care
has made cost-containment a co-equal (but hopefully not a
higher) consideration with optimal quality.
It is always possible for the health practitioner to evaluate
whether professional actions meet ethical and legal stan
dards, even those activities that are routine behaviors. This

INTRODUCTION
Not all the difficult decisions in physical therapy are related
to choices about therapy. Sometimes the therapeutic choice
appears quite simple, yet there are other questions regarding
the patient whose answers do not lie within the typical
boundaries of physical therapy. These questions include the
following:
• When should the professional's opinion outweigh the con
cerns of the patient?
• How do I decide how much time to give one patient and
take away time from another?
• What rights do patients have to control their care even
when they are mentally incapacitated?
• What do I do if I 'suspect someone has physically abused a
patient?
Professional ethics and health care law provide the prin
cipal rules by which practitioners decide how they ought
to act toward patients, other professionals, and one another
as interdependent human beings. Specifically, ethics raises
questions about the rightness or wrongness of actions on the
basis of the self-chosen principles that an individual uses to

427

428

Part Four

FIG. 27-1

THE SOCIAL CONTEXT OF GERIATRIC CARE

The interface between law and professional ethics. (Adapted from Scott RW: Professional Ethics:

A Guide for Rehabilitation Professionals. St Louis, Mosby, 1998.)

chapter has two purposes. The first is to outline the ethical
dimensions of professional practice and discuss the ethical
issues that a physical therapist may confront as a practitioner
to the elderly. The second is to identify the laws that have
been passed and legal opinions that have been rendered to
address these ethical issues from a legal perspective. These
laws provide boundaries to the social context of geriatric care
and place important constraints on professional actions.

PRINCIPLES OF ETHICS
There are situations in clinical practice that are so over
whelming in their consequences that no one doubts their
ethical importance. Often, these cases are literally "life-and
death" issues, such as who can decide what medical care is
appropriate for a terminally ill elder with senile dementia.
While it is easy to assume that only unusual circumstances
generate ethical problems, any professional action that a
physical therapist might take toward another individual can
be examined in light of its ethical impact. The day-to-day
practice of physical therapy contains many instances in
which physical therapists must consider what their ethical
duties are and how they may act toward their patients. Be
cause of the issues confronting elders, the need to make eth
ical decisions as part of one's clinical practice is particularly
evident in geriatric physical therapy. Models of ethical deci
sion making that govern patient care are based on the foun
dational ethical principles of autonomy, nonmaleficence,
beneficence, and justice and reflect the professional duties of
competency, confidentiality, fidelity, and truth. Conducting
oneself in conformity with these principles and duties can
seem even more challenging under the current health care
delivery paradigm of managed care, which may present sig
nificant conflicts of interest.

There are two ways in which we may understand auton
omy as it relates to ethics.!,3 The first notion of autonomy
comes from Immanuel Kant, whose view was that all indi
viduals must always be treated as ends in themselves and
never as means to an end. Kant believed that individuals are
rational agents who freely impose upon themselves universal
moral standards to which they will hold themselves ac
countable. 21 In comparison, John Stuart Mill developed the
concept of autonomy from the perspective of freedom. 26
Mill thought that people should be limited in their actions
only to the degree necessary to prevent harm to others and
to allow everyone else a similar amount of freedom.
The second major category of ethical obligations draws
attention to the probable consequences of an action and how
these outcomes influence our decisions about what is the
right thing to do. The primary consideration for physical
therapists, as it is for all health professionals, is that the phys
ical therapist do no harm (the principle of nonmaleficence).
This cardinal rule of ethical health care is one that all health
professionals cannot ethically and legally ignore. In its
broadest form, nonmaleficence means: "Do no harm your
self, and protect individuals under your care from harming
themselves or others." Nonmaleficence means that health
care professionals will not intentionally cause harm to pa
tients under their care.
In addition to preventing harm, physical therapists are
obliged to do as much good as they can (the principle of
beneficence). Many individuals are initially attracted to phys
ical therapy for the opportunity to do good by alleviating
suffering and assisting patients to develop their fullest hu
man potential. The promotion of well-being among individ
ual elders extends the ethical dimensions of physical therapy
to the societal level because the optimal health of all elders
contributes to the common good of society. 18
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Next, there are general ethical obligations of fidelity that
pertain to the professional-patient relationship. Commit
ment to truth telling and confidentiality, which is essential to
good communication, provides a solid ethical foundation
between a physical therapist and a patient. This relationship
of trust assumes that the professional is committed to pro
viding competent and compassionate care to all individuals
and demonstrates commitment to patient autonomy. Al
though physical therapists can sort out the difference be
tween being a professional care-giver and being a friend to
someone in need, elders who are lonely and often very vul
nerable when they are sick may not make this distinction
quite so easily. Therapists need to recognize that when an el
der is sick, there may be a need for this person to feel safe
among "friends:' Even though professional care-givers are
"friendly" and honestly concerned about the patient's wel
fare, they are, in reality, not friends. For example, friends
share their most troublesome problems with each other and
derive support from each other. Professional care-givers, on
the other hand, would never burden a patient with their own
personal problems or seek to have a patient provide emo
tional support for them.
It is not unusual for a therapist to develop a relationship
with a patient in which many personal facts about the pa
tient are shared openly with the therapist. This may include
information about the elder's past or current medical his
tory, personal relationships, and financial affairs. Family
members and friends may seek to obtain information about
the patient from the therapist, just as they would from any
other member of the family or friend. Physical therapists are
obligated to protect this information as a professional com
mitted to confidentiality, divulging only essential informa
tion with only those who need to know such information
and sharing personal information only with the prior ex
plicit approval of the elder. Also, if patients believe that
historical information conveyed by them to health care
providers will be kept confidential, they are more likely to
freely and openly communicate information to their health
care providers. That, in turn, facilitates the formulation of
accurate diagnoses, which inures to the benefit of patients,
providers, the health care organizations and third-party pay
ers, and society. Finally, maintenance of patient confiden
tiality (absent the exceptions discussed in the following
text) is required by state practice acts and implementing
regulations, other health-related statutes, and by profes
sional codes of ethics. Failure to comply with these directives
is a basis for imposition of disciplinary sanctions against
providers bound by law and ethics to follow them.
The most obvious type of permissible disclosure of oth
erwise confidential information involves disclosure pursuant
to a valid waiver signed by a person whose privacy is affected
by the disclosure of information. Patients typically expressly,
i.e., explicitly and unambiguously, authorize release of health
related information to third-party payers, health care profes
sional consultants, next-of-kin, and others. Patients may im
pliedly, i.e., by implication, authorize release of confidential
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information to other entities, e.g., to governmental and ac
creditation reviewers and researchers, among others.
Because, on average, 75 people have access to each pa
tient's confidential health record,37 patient authorizations for
release should clearly state the expected types of profession
als and others privileged to invade the patient's privacy and
learn confidential information about the patient. Unfortu
nately, most health-related general releases are woefully in
adequate in this regard.
Mandatory disclosures of personal information occur
without regard for permission of the subject of the inforrna
tion disclosed. Most such disclosures are authorized by state
or federal law. Such disclosures include among others: release
of information concerning infectious and sexually transmit
ted diseases to governmental entities; release of information
to law enforcement officials upon request or in compliance
with reporting statutes; and release of information to third
parties pursuant to the federal Freedom of Information Act:42
or state freedom of information or open records statutes.
A special case of mandatory release involves the situation
in which a patient has communicated a threat of inflicting
serious bodily harm or death upon a specified victim. In the
case of Tarasoff vs. Regents of the University ofCalifornia, 39 a
psychotherapist employed by the University of California
was treating a mentally ill patient, who threatened bodily
harm against his former girlfriend during his therapy ses
sions. Although the psychotherapist reported the threats to
his supervisor, neither the psychotherapist nor his supervi
sor reported the patient's threats to the potential victim or
law enforcement authorities. When the patient murdered his
former girlfriend, her parents brought this legal action
against the Regents of the University of California, alleging
professional negligence on the part of their agent, the psy
chotherapist. In ruling in favor of the victim's parents, the
California Supreme Court ruled that a psychotherapist owes
a legal duty to identifiable third parties threatened by men
tal patients under their care to warn them of the threats. The
court reasoned that, on balance, the duty of confidentiality
owed by psychotherapists to patients under their care was
outweighed by the court-imposed duty to identifiable third
parties to take reasonable steps to warn them of foreseeable
serious bodily harm or death at the hands of such patients.
This legal duty has been extended to physicians and other
health care professionals in many states.
"Routine" disclosures involve releases of personal infor
mation not deemed (by legislatures or regulatory agencies)
to be confidential to enumerated third parties, made either
without a subject's consent or in the absence of an express
directive by the subject not to release such information. Ex
amples of routine releases of information include "directory
information;' such as the presence of a person in a medical
facility and that person's condition, place of residence, gen
der, and age.
A third facet of professional confidentiality concerns "dis
cretionary" disclosure of information. The issue of discre
tionary disclosure of confidential information largely applies
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to attorneys, who traditionally have been disallowed by pro
fessional ethical and state bar rules from disclosing any pa
tient confidence, even a patient's plan to commit a future
crime involving serious bodily harm or death to an identi
fied third party. The concept of discretionary disclosure of
confidential information might also apply to a rehabilitation
professional who is not protected by a Tarasoff law and who
discovers, in the course of care delivery, a patient's intent to
commit serious bodily harm or death against an identifiable
third party. Before breaching patient confidentiality in such
cases, health care professionals are urged to consult with fa
cility or personal legal counsel for advice.
Very closely related to the ethical duty of confidentiality
owed by health care professionals to patients are the duties
of fidelity and truthfulness in dealing with patients and their
significant others. Every health care professional who accepts
a person into care is a fiduciary, i.e., a person in a special po
sition of trust in relation to the patient. Not only is the
health care professional obligated under professional ethical
standards to act in patients' best interests, i.e., with benefi
cence, but also as a fiduciary who places patients' interests
above all others, including the financial and other interests
of the provider himself/herself.
It may seem a truism that health care professionals owe
patients the duty always to be truthful. Yet there are situa
tions in which health care providers, professional disciplines
and organizations, the legal system, and society accept de
ception of patients as legitimate. One such example involves
therapeutic privilege, an exception to the requirement for
patient informed consent, in which a primary care physician
imposes a gag order on health professional team members,
disallowing them to disclose diagnostic or prognostic infor
mation to a particular patient who the physician believes is
incapable of handling the disclosure psychologically. Other
examples of deception in health care clinical practice involve
situations more focused on provider self-interest. Examples
of such deception include the nondisclosure to patients of
actual provider conflicts-of-interest and provider compli
ance with managed care "gag clauses" in employment or par
ticipation contracts that impede full disclosure of treatment
related information to patients.
Finally, there is the principle of justice. The formal con
cern of justice is to ensure that individuals without relevant
differences between them are treated equally. Rawls has ar
gued for a concept of justice as fairness, whereby essential
goods and services must be distributed equally unless an un
equal distribution works in favor of the disadvantaged. 29
Physical therapists frequently concern themselves with issues
of justice when they decide how to allocate resources to pa
tients, including the time they spend with some individuals,
which lessens the time they can spend with others. Consid
ering only an individual's need for intervention, a therapist
may opt to spend more time with a more therapeutically
challenging patient who has the less overall potential, rather
than the patient who actually needs less therapy to realize a
greater rehabilitation potential. Given that there are always a

limited number of hours in a therapist's work week as well as
different requirements set by each insurer to authorize care,
it is impractical to believe that each patient will receive an
optimal amount of physical therapy based solely on the need
for intervention. Physical therapists, especially those who
work with elders, must increasingly consider the outcome of
treatment in relationship to the investment of resources
when choosing to provide more physical therapy resources
to one patient than to another.

RIGHTS
When a therapist needs to determine what ought to be done
to act ethically in a particular situation, there is often a need
to consider a patient's riglIts and their relevance to a decision
about what to do. Aright is a claim by one individual or
group that can be made upon another person or group.
Some rights are protected by law.
Rights and duties are correlative. If a person has a partic
ular right or claim that can be made on someone else, then
the person or group on whom that claim has been made has
an obligation or duty to the person invoking that right.
Rights take two forms: liberty riglIts and entitlement rights.
The American notion of life, liberty, and the pursuit of hap
piness are well-known examples of liberty rights. Each per
son is free to engage in the exercise of these rights as long as
an individual's actions do not infringe on the rights of oth
ers. The duty attached to a claim based on liberty rights re
quires that another party refrain from acting or interfering
with the exercise of those rights.
Entitlement rights entail a different set of concerns. A
claim made on another as an entitlement right requires that
another party not only refrain from acting but also take pos
itive actions to assist or enable another person to exercise
that right. Social rights are often presented as entitlement
rights. The debate over the right to health care has often
hinged on the question of whether the government has a
positive obligation to provide health care for all persons.
Some ethicists and politicians argue that the government has
no such obligation to assist others in exercising their riglIt to
health care. Conceived as a liberty right, the right to health
care obligates the government not to pass laws or allow reg
ulations that prohibit individuals from receiving health care.
Statutes against discrimination in the provision of health
care on the basis of age, gender, race, creed, national or eth
nic origin, or disability are an example of how a liberty right
to health care corresponds to the government's duty to
honor this claim made upon it. Presented as an entitlement
right, the riglIt to health care requires the government to do
more than eliminate discrimination in order for a person to
exercise the right to health care. One of the major barriers to
receiving health care services, including physical therapy, is
the ability to pay for these services. Therefore, some would
argue that if an elder is unable to pay for health services, then
the government must facilitate a person's entitlement right
to health care by underwriting these services. To some ex
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tent, the government has already honored the right to health
care as an entitlement by creating Medicare and Medicaid.
These programs, however, do not allow all elders to receive
all the services that might be recognized as "basic" to the
health care of the elderly and essential for the humane treat
ment of our nation's elderly. The argument in the next few
years over the right to health care as an entitlement will
seek to establish a national consensus on what kinds and
amounts of services constitute acceptable treatment of el
ders. Physical therapists who participate in this discussion
and share their clinical expertise and experience can influ
ence public policy in a way that will benefit everyone, in
cludirIg elders, through a just distribution of resources.
In health care, the right to privacy may be conceived as
both a liberty and an entitlement right. One has the right to
have the, details of one's medical care kept private, and there
fore others must refrain from infringirIg on that privacy. Pa
tients may also make a special claim on health care providers
to maintain confidentiality. Conceived as an entitlement
right, the right to privacy requires that professionals take ap
propriate actions to safeguard this entitlement in their
record-keepirIg procedures and enable patients to exercise
their right to privacy.

AUTONOMY AND PATERNALISM
Physical therapists have professional expertise that can pro
mote good consequences for many individuals. Beneficence
means that a health care professional's conduct relative to a
particular patient will be carried out in accordance with that
patient's best irIterests, as ascertained from the perspective of
the health care professionaL The desire to do good and the
knowledge of how to do it are strong motivations for physi
cal therapists and a substantial consideration in their deci
sions about what they owe their patients. Therefore, physical
therapists often refer to the principles of nonmaleficence
and beneficence as justification for the actions that they may
take to prevent negative consequences for their patients and
promote their well-beirIg. The desire to do good, however,
often subtly encourages physical therapists to act paternalis
tically toward their patients. Paternalism has been defined as
"interference with a person's liberty of action justified by
reasons referrirIg exclusively to the welfare, good, happiness,
needs, interests or values of the person being coerced."13 In
short, paternalism denies the autonomy of the individual.
As described elsewhere in this text, physical therapists fre
quently experience situations in which patients ignore their
home exercise programs or disregard safety irIstructions
about how to use an assistive device. Sometimes, the physi
cal therapist may believe that the patient should be "forced"
into following the therapist's recommendations based on the
reasoning that these suggestions were provided in the pa
tient's best interests. Autonomy recognizes the irIherent hu
man right of self-determination in every individual who has
mental capacity. Placing a professional's judgment of "what's
best" for the individual ahead of the expressed desires of the
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individual suggests that honoring a person's own choice (the
principle of autonomy) should not count as much as the
consequences that will follow (the principles of nonmalefi
cence and beneficence).
Autonomy cannot always be reconciled with the princi
ples of nonmaleficence and beneficence in matters of
health. ls The consequences of some decisions that a patient
might make may very well result in harm. For example, a pa
tient's decision not to follow a physical therapy home pro
gram for range of motion might result in additional pain for
the patient or further diminish function. Although this is
distressing to the therapist, there is always the opportunity
for the patient to reconsider. Sometimes, however, the exer
cise of autonomy may result in irreparable harm to the pa
tient, or even death. For example, an elderly patient may
refuse to take a cardiac medication that prevents a life
threatening arrhythmia. A complete discussion of the com
plex ethical and legal issues surrounding this sort of situa
tion is far beyond the scope of this chapter. It is, however,
important to realize that a patient's mental status, mood,
and outlook on life are essential data irI such decisions. Every
individual has a unique history and self-concept that has
been developed over the years (Fig. 27-2). Although the on
going process of aging may begin to strip away physical or
mental capacities, a person cannot lose one's history that
unites all the progression through the life span or the values
and attitudes that have created history. Therapists who have
an ongoing, and often long-term, association with their geri
atric patients may contribute much to understanding
whether an elder is purposely choosing negative conse
quences, is merely uneducated about the potentially harmful
effects of not adhering to the health professional's recom
mendations, is depressed to the point of contemplating sui
cide, or is exhibiting signs of cognitive decline.
/'. physical therapist must then also consider whether in
terfering in an elder's autonomy is a temporary decision that
will allow the irIdividual increased autonomy in the future or
if the paternalistic act diminishes the person's autonomy on
an ongoing basis for an unlimited time period. 8,9 For exam
ple, consider the ethical questions presented to the physical
therapist in the case of Esther R. Esther R is an 84-year-old
never-married female who has recently suffered a stroke and
was transferred to a rehabilitation hospital within 1 week of
the event. Although she generally cooperates with her thera
pist, she shows little interest in her program and often states
emphatically that she would rather "just go home to die:'
Should the therapist stop treatment and facilitate Ms. R's
discharge home out of respect for her autonomy as an indi
vidual, or should the therapist contirIue to encourage her to
participate as long as the patient offers no physical resistance
to treatment in order for her to realize her full potential for
rehabilitation?
The therapist may choose to act in a weakly paternalistic
way and continue to coax and cajole Ms. R to receive treat
ment. On the grounds of preventing harm in the interim,
the therapist might argue that the patient will be in a better
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the discharge plan can be implemented, if necessary. Hospi
tals function to at least some degree, as the sociologist Erv
ing Goffman put it, as "total institutions," controlling how
the time of the individual will be spent, with whom, and un
der what conditions the "inmate" is free to leave. 14 Total con
trol over all aspects of an elder's life may be even more pre
dominant in the nursing home setting. 20 Once the patient
has been taken into the system, time, energy, and money are
invested in the process to make the person "better:' It can be
very difficult to reflect on what is happening to the patient,
whether the patient has freely chosen to continue treatment
or perhaps to terminate treatment, when the patient still has
rehabilitation potential. However, when members of the re
habilitation team forget to let the patient's own goals direct
the team's efforts, the individual becomes a prisoner to the
"good consequences" intended by others.
The conflict between the ethical principles of autonomy
and the principles of nonmaleficence and beneficence in
the case of Esther R underscores the nature of an ethical
dilemma. An ethical dilemma exists whenever an individual
is confronted with two or more mutually exclusive obliga
tions in a single situation. Therapists confronted by an ethi
cal dilemma find themselves proverbially "caught between a
rock and a hard place." In fact, when a therapist weighs the
alternatives, it is quite possible to find that no one alternative
satisfies all ethical obligations at the same time. For example,
one cannot always adhere to the principle of autonomy
while simultaneously preventing all bad consequences from
befalling a patient. In choosing what to do, one course of ac
tion will uphold one principle at the expense of another
equally important and valued principle. Therefore, moral
obligations, as specified by the general ethical principles out
lined in the preceding text, have come to be recognized as
prima facie obligations, each needing to be recognized as rel
evant to the situation at hand on the first 100k. 32 None of
these principles in itself, however, represents a final and ab
solute obligation. Otherwise, no decision in which a thera
pist weighted the importance of one ethical principle greater
than another would be ethically defensible.
FIG. 27-2 Despite the physical changes of aging that alter iden
tity, the history of the individual forms a continuous personal iden
tity.

position to make autonomous choices in the future when
her depression is resolved and she has had sufficient time to
adjust to the sudden changes in her life brought on by the
stroke. On the other hand, at some later point in her reha
bilitation, the therapist may also need to recognize that a pa
tient's verbal request to be discharged from the hospital does
represent the patient's own choice, regardless of the negative
consequences that may ensue. In that instance, the therapist
is obligated to communicate this fact to the rehabilitation
team so that the appropriate discussions can take place and

SOURCES OF ETHICAL CONFLICTS
Some situations with an ethical dimension require us to de
termine exactly where the ethical concern lies. Sometimes a
therapist may need to reconcile personal and professional
beliefs. For example, although working with elders is a re
warding experience, this experience is not found with every
elder. Try as one might, no physical therapist will be able
to relate in a humanly meaningful way to every patient.
However, every patient, regardless of the quality of the in
teraction for the therapist, deserves the best care that the
therapist can render. The therapist in such a case must re
solve the conflict between personal feelings and professional
responsibilities.
Conflict can also occur between professionals or profes
sional groups.6 Other therapists, nurses, and physicians all
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have expectations of the physical therapist on the team.
Some of these expectations facilitate a high level of perfor
mance among all the team members; other expectations are
based on misinformation, misunderstanding, and mistrust.
Such situations force us to consider what we owe our col
leagues and what kinds of implicit promises have been made
to each other by virtue of working together as a team.
Some ethical conflicts originate at the societal level. There
is a wide difference of opinion within our society about how
we ought to act toward elders, particularly in allocating
health care resources. These differences are inevitable in a
society that tolerates a range of political philosophies and
also is composed of many cultures with different ideas about
aging and the elderly. Some therapists, frustrated in their
genuine desire to help their patients, may be tempted to do
whatever is necessary on a case-by-case basis to achieve "jus
tice" for each individual in their care. Justice reflects the de
sire to achieve fundamental fairness in health care delivery at
individual, group, societal, and global levels. Just as laws do
not resolve intrapersonal or interpersonal conflicts, prob
lems in the society at large must be addressed at the appro
priate level and through the appropriate channels. Physical
therapists who refrain from sharing their expertise delay
recognition of unjust distributions of resources, where they
exist, and perpetuate the conditions that hamper physical
therapists in their efforts to allow all individuals to reach
their full potential for rehabilitation.
The managed care model of health care delivery presents
a myriad of potential ethical dilemmas for health care pro
fessionals, who may face issues of ever-more sharply divided
loyalties involving their employers and patients. Health care
professionals self-identify as being altruistic and, specifically,
focused on the welfare of their patients. They are governed
in their professional conduct with patients and their families
and significant others by fundamental ethical principles. 3 A
growing backlash of legislative initiatives at the state and
federal levels, designed to curb managed care practices that
restrict patient access to and funding of health care, chal
lenge the perpetuation of managed care in its extreme forms.24
Some health policy makers are particularly critical of the
fundamental tenets of managed care, arguing that its dear
purpose is managing, i.e., minimizing, monetary outlays for
health care, rather than managing the health of patients.

PROFESSIONAL ETHICAL STANDARDS
Some ethical analyses tend to focus only on the relationship
between patient and professional and tend to divorce ethical
problems from the larger social context in which they are
found. As Beauchamp and Childress have commented:
Moral principles...are not disembodied rules, cut off from their cul
tural setting.... "Morality:' as we understand the term, emerges from
shared experiences and social arrangements (tacit or otherwise)!

Assistance to health care professionals facing ethical
dilemmas is often provided in health care organizations by

433

institutional ethics committees, bringing the individual's
problem under the scrutiny of the local professional com
munity. These multidisciplinary committees may have sev
eral roles, including policy making, education, and provision
of consultation services. Furthermore, the professional com
munity of physical therapists, the broad cultural setting of
our ethical problems, has codified its shared experience and
values in the Guide for Professional Conduct of the Ameri
can Physical Therapy Association (APTA) based upon
APTA's Code of Ethics. 15 Professional codes of ethics have
four primary purposes. 30 First, a professional code of ethics
is directive, i.e., it provides guidance for mandatory behavior
by members of a profession. Professional ethics codes may
also provide nondirective guidance for permissive or recom
mended conduct of members of a profession. Second, a code
must be protective of the rights of patients and subjects,
their significant others, and the public at -large. Third, a pro
fessional code of ethics must be specific, i.e., address areas of
ethical problems, issues, and dilemmas particular to the dis
cipline(s) governed by the code. Finally, a professional ethics
code must be enforceable and enforced.
By endorsing a code of ethics, the physical therapy pro
fession publicly states that certain ethical ideals should be
implicit in every professional action committed by a physi
cal therapist. A patient reading the APTA Code of Ethics can
determine what ethical standards can be expected from
physical therapy practitioners. For example, a patient who
goes to any physical therapist can expect to be treated in a
manner that supports personal dignity and maintains confi
dentiality. These Code of Ethics do not provide specific an
swers to particular ethical problems, but they do emphasize
for the individual therapist or assistant those factors that the
professional group believes are important to take into con
sideration when making an ethical decision. These ethical
standards of the profession may also be used by others to
formulate a legal decision as well. Failure to understand what
is contained in these documents may adversely affect a phys
ical therapist. The APTA's Code of Ethics ethically binds
APTA members to its principles. Failure to meet these stan
dards could result in sanctions such as being expelled from
the Association. The APTA's Code of Ethics can also affect
nonmembers as welL Many state practice acts reference the
Code of Ethics as the standard of ethical practice for all
physical therapists licensed in that state, not just APTA
members. Ignoring the Code of Ethics in these states may re
sult in disciplinary action by a state board of licensure,
which may even revoke a therapist's license. A licensing
board when conducting an official review of a therapist's ac
tions may also look to the Patient's Bill of Rights to define
what standard of care has been legally accepted.
On rare occasions, conduct by health care professionals
may constitute a violation of professional ethical standards,
but not violate the law. Consider the following example: An
employment contract between a health care professional and
a Medigap managed care organization contains a provision
that prohibits the health care professional from discussing
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treatment options with geriatric patients that are not offered
by the managed care organization. Such a contractual provi
sion is commonly referred to as a "gag clause:'7 While com
pliance by the health care professional with the gag clause
might be upheld by a court as a legally acceptable course of
action, such conduct might still constitute an actionable
breach of professional ethics. Under traditional ethical stan
dards governing patient informed consent to treatment, a
competent patient must be informed by a clinical health care
professional of all reasonable alternatives to recommended
interventions, irrespective of whether a managed care entity
elects to offer them as a matter of its business judgment. The
health care professional in this case might, therefore, face ad
verse administrative or association action for a breach of
professional ethics, in spite of the hypothetical legality of
the contract.
LEGAL PROTECTION OF THE
AUTONOMOUS INDIVIDUAL

Informed Consent
The essence of a clinical encounter between a physical ther
apist and a patient involves physically touching a patient for
assessment and treatment. Although the physical therapist's
"hands-on" actions are undeniably in the patient's best in
terests, a therapist may not touch a patient without that in
dividual's permission to be touched. Touching without con
sent is known as battery, and a therapist may be sued when
this occurS. 36 Most professional malpractice, however, does
not involve touching without consent. Rather, allegations of
malpractice tend to be made when the patient has consented
to being touched without having received enough informa
tion to give or refuse consent to the touching. When a ther
apist does not provide the patient with sufficient informa
tion to make a decision to receive or refuse treatment, the
therapist may be held negligent for not allowing the patient
to exercise the right to informed consent. Informed consent
is a legal and professional ethical prerequisite to physical
therapy examination and intervention. From a professional
ethical perspective, the making of relevant disclosures and
the obtaining of patient informed consent is premised, not
on beneficence or paternalism, but on respect for patient au
tonomy over treatment-related decision making. Under the
biomedical ethical principle of autonomy, it is the patient
(or surrogate decision maker) who decides whether to ac
cept or to reject a recommended health intervention.
The history of patient informed consent has been rocky
and precarious. Health care professionals never willingly
chose to involve patients or surrogates in treatment-related
decision making or to give them veto power over profes
sional recommendations until an activist judiciary in the
20th century imposed such requirements upon health care
providers. 36
The term informed consent has been used in a legal con
text for the last 40 years, since a California court ruled that a
physician had a positive obligation to disclose any informa
tion regarding the risks and dangers of tests or treatments

that was essential for an individual to make an informed de
cision. 33 The legal right to self-determination, however, was
articulated earlier in the century when Judge Cardozo ruled
that surgery performed on a mentally competent adult with
out the patient's consent was an assault for which the sur
geon was liable.""
Disclosure of relevant intervention-related information
by health care providers to patients empowers patients to
make knowing, intelligent, voluntary, and unequivocal de
cisions to accept or decline recommended interventions,
based on what individual patients believe to be in their best
interests. In a sense, respect for patient autonomy, as applied
to the law and ethics of informed consent, is the antithesis of
the traditional paradigm of paternalism.
The legal concept of informed consent institutionalizes
several of the ethical concepts described in the aforemen
tioned text and places particular legal obligations on the
physical therapist. Respecting personal autonomy. usually
obliges a practitioner to assist an individual in the exercise of
free choice by providing appropriate information and allow
ing the patient to develop sufficient understanding to make
an informed decision. 3 From the moral point of view, in
formed consent is one way in which physical therapists re
spond to the principle of autonomy. II Although most actions
that a physical therapist might take toward an elder are not
as risky as those of a surgeon, every individual has a right to
information that might lead the patient to reject the treat
ment, and the therapist has the correlative duty to furnish it.
As Purtilo has noted, informed consent is a type of contract
that is knowingly entered into by the physical therapist and
the patient. 28 Under the law, contracts may only be made be
tween equals and by those individuals who are legally free to
enter into such binding agreements. Therefore, the physical
therapist must share information with the patient to counter
act the imbalance of knowledge between the two parties and
legally ensure the patient's capacity for self-determination.
Purtilo also identifies failure to inform an individual as a
possible form of harm, which would be a violation of the
principle of non maleficence. Furthermore, informed con
sent defines the patient's reasonable expectations to which
the physical therapist must respond, a component of the
principle of fidelity. Despite the legal recognition of these
concepts, most patients do not understand the purpose of
informed consent. In a now classic study, Cassileth and col
leagues found that nearly 80% of 200 cancer patients be
lieved that informed consent was a method of protecting
physicians and not patients. Io
As the term implies, informed consent involves two sepa
rate elements: information and consent. Legally, the infor
mation provided to the patient must satisfy four conditions.
The information provided to the patient should outline the
nature and the purpose of the treatment, alternatives to that
particular treatment that the patient might choose instead,
the risks and consequences of the proposed treatment, and
the likelihood of success or failure of the treatment. One
recommendation is that physical therapists provide patients
with information checklists covering the most common
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physical therapy procedures or use them to guide discussion
with a patient as a practical method of meeting the ethical
and legal requirements of informed consent. 36 While the pre
cise litany of disclosure elements for legally sufficient patient
informed consent may vary from state to state, the following
list of disclosure elemerits is representative of what is typi
cally required of physical therapists: information about a pa
tient's condition and diagnosis; information about the rec
ommended intervention(s); discussion of risks of serious
harm or complication associated with the recommended in
tervention(s), if any; discussion about reasonable alterna
tives or options to the recommended intervention(s), if any;
and discussion of the goals of intervention. 35 This disclosure
must be imparted at the patient's (or surrogate's) level of
comprehension and be made in a language that the patient
(or surrogate) understands.
In addition to the conditions set on the information pro
vided to the patient, the consent must be obtained from
someone who is competent to consent, who clearly under
stands the information" provided, and who agrees without
coercion. In the case of the elderly individual, each of these
three conditions may pose barriers to informed consent.
Special communication problems may affect geriatric physi
cal therapy patients, including a decline in visual acuity that
alters a patient's ability to read information on an informed
consent form and age-related hearing loss that alters a pa
tient's ability to receive disclosure information. Elders also
suffer from the stereotype of declining mental competence.
Present-day elders also often do not have the educational
backgrounds of most members of society. Therefore, it is er
roneously assumed that an older person is incapable of un
derstanding complex information. Taking the time to ex
plain to the patient is not merely educating the patient for
therapeutic reasons, but ethically, it allows the individual to
exercise autonomy and legally to enter freely into a relation
ship with the therapist after an informed decision. Some el
ders are, in fact, mentally incapable of making decisions for
themselves; however, this does not mean that their rights to
informed consent can be completely abrogated. Kapp
stresses that there are degrees of mental incapacitation. 22
Even though an elder may be unable to make all decisions,
there may be some decisions that are simple enough to be
within the elder's grasp, particularly if environmental factors
such as time of day or medications are controlled to present
the information to the patient during a period of lucidity.22
While it is clear that geriatric patients who lack mental ca
pacity to make informed decisions must be represented by
surrogate decision makers, the health care, legal, and politi
cal professional communities have not effectively addressed
the problem of confused geriatric patients or long-term-care
(LTC) residents for whom surrogate decision makers have
neither been sought nor appointed.
Extreme forms of managed care have created a myriad of
legal and ethical dilemmas relevant to informed consent, in
cluding the advent of "gag clauses" in provider-employer
contracts that purport to disallow providers from engaging
in free and full communications with patients; incentive
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compensation schemes for providers that severely curtail in
tervention choices for subscribers; and productivity stan
dards that limit providers' time to impart information care
fully and patiently to patients under their care.
Three APTA documents also serve as sources of legal
obligation to establish a standard of care regarding informed
consent for physical therapists in clinical practice: the Stan
dards of Practice for Physical Therapy,38 which delineates in
detail the universal disclosure elements for legally sufficient
patient informed consent; the Guidelines for Physical Ther
apy Documentation,16 which address acceptable methods for
documenting patient informed consent and restate the prac
tice standard requiring patient informed consent as a pre
requisite to intervention; and the Guide for Professional
Conduct,15 which enunciates the professional ethical duty
that "physical therapists shall obtain patient informed con
sent before treatment."
LEGAL DIMENSIONS OF PATIENT
SELF-DETERMINATION
In addition to the precedent-setting judge-made case law es
tablishing the legal duty to obtain patient informed consent,
the Consumer Bill of Rights and Responsibilities of 1998
(CBRR)41 and the Patient Self-Determination Act of 1990
(PSDA)45 take the moral and ethical underpinnings of the
informed consent duty and transform them into a binding
legal obligation. The CBRR and the PSDA are grounded in
respect for patient self-determination as are the modern le
gal and ethical dimensions of patient informed consent gen
erally. The CBRR states in pertinent part that:
Consumers have the right to receive accurate, easily understood infor
mation and some require assistance in making informed health care de
cisions about their health plans, professionals, and facilities. Consumers
have the right and responsibility to fully participate in all decisions re
lated to their health care. Consumers who are unable to fully participate
in treatment decisions have the right to be represented by parents,
guardians, family members, or other conservators. 4 !

The PSDA is a federal statute that codifies into law the
right of patients and residents of LTC facilities to exercise
control over health care decision making, both routine and
extraordinary. The PSDA provides in pertinent part that:
[A health care] provider [must] maintain written policies and proce
dures with respect to all adult individuals receiving medical care... to
provide them written information to each such individual concerning
an individual's rights under state law (whether statutory or recognized
by the courts of the state) to make decisions concerning... medical care,
including the right to accept or refuse medical or surgical treatment. 46

The PSDA obligates the range of health care organizations
that receive federal funds to fulfill its provisions. The funda
mental purposes of the PSDA are to (1) educate patients and
residents of LTC facilities about their rights (consistent with
state law) to execute and enforce advance directives; (2) fa
cilitate the making of advance directives by patients, LTC
residents, and others; (3) cause health care organizations and
providers to honor patients' and LTC residents' wishes con
cerning life-sustaining medical interventions; and (4) help
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to address the enormous economic costs of end-of-life
health care interventions. Advance directives are legal docu
ments that memorialize an individual's personal desires con
cerning life-sustaining measures that may be undertaken in
the event of that person's subsequent incapacitation. Ad
vance directives are completed while the affected person has
legal capacity to make decisions for himself/herself. There
are two principal types of advance directives: the living will
and the durable power of attorney for health care decisions.
The main premise undergirding the PSDA is respect for a
person's inherent right of self-determination or autonomy
over health care treatment decision making. This same
premise forms the basis for requiring primary health care
providers (including physical therapists treating geriatric pa
tients) to make legally sufficient disclosure of relevant treat
ment-related information so as to allow the patient (or a
surrogate decision maker) to give informed consent to a rec
ommended intervention.
Although the PSDA does not create any new substantive
individual rights, it does obligate health care providers and
facilities to do the following: provide written information to
patients and LTC residents concerning their rights under ap
plicable state law to make and have enforced enumerated ad
vance directives; provide copies of institutional policies con
cerning patient-informed decision making and advance
directives to patients and LTC residents; and document in
patient or resident records whether patients have executed
any advance directives concerning their care.
Larsen and Eaton carried out an exhaustive investigative
analysis of the PSDA and reported that this statute has been
relatively unsuccessful in safeguarding individual rights con
cerning the making of health-related advance directives. 23
The reasons for the lack of success of the PSDA include a
lack of awareness on the part of patients and others of the
existence of the PSDA; reluctance on the part of patients and
LTC residents to execute advance directives; and recalci
trance on the part of health care professionals to honor valid
advance directives involving patients under their care.
Physical therapists treating geriatric patients should be
come more involved in educating patients, significant oth
ers, and professional colleagues of their rights and duties
pursuant to the PSDA by direct communications with pa
tients, LTC residents, surrogate decision makers, and others
and through participation in relevant teams and committees.

Living Wills
One event that most individuals wish to retain complete
control over is paradoxically enough the circumstances of
one's death. The ability of technology to maintain the hu
man body has created ethically troublesome questions of
immense importance to most adults. Society has recognized
that most of us wish to be able to tell our care-givers how we
want to be treated when we might otherwise be unable to
communicate our choices. The Omnibus Budget Reconcilia
tion Act of 1990 requires all health care facilities receiving
Medicare or Medicaid funds to facilitate a patient's right to

formulate advance directives about treatment in the event
that the individual is no longer able to control the direction
of treatment after loss of mental capacities. A living will is
one type of advance directive that is recognized in most
states. It is a legal instrument, signed by its drafter, that states
the person's wishes concerning permissible and impermissi
ble life-sustaining measures to be undertaken in the event of
the person's subsequent incapacitation. By executing a living
will while still mentally competent, an individual indicates
personal preferences for treatment; how treatment should be
used to sustain life; and the conditions, if any, under which
that person would find continuation of life unacceptable.
Thus, elders have the opportunity to express how they wish
to be treated, even if refusal of treatment may eventually lead
to death if that is one's preference. A living will may be called
by other names, depending on state law, most notably a "di
rective to physicians" or a "natural death act instrument:'
Living wills are recognized as valid in a majority of states.
Most jurisdictions require that a person be both legally inca
pacitated and terminally ill, i.e., have a condition expected to
directly result in the person's death, in order for a living will
to become legally operative. Some states also permit a living
will to become effective when a person is in a persistent veg
etative state.

Durable Power ofAttorney
Many health decisions do not concern prolonging life. These
choices and decisions, some as simple as whether to partici
pate in physical therapy or act as a research subject, also re
quire the consent of the elder. Durable power of attorney is
another method for ensuring that the patient retains a de
gree of autonomy, even though the patient's mental status
prevents communication. The durable power of attorney for
health care decisions is the second principal type of advance
directive. Its meaning is best ascertained by defining its com
ponent parts. "Durable" indicates that decision-making
power endures after the drafter loses mental capacity to
make legally enforceable decisions .."Power of attorney" is a
term of art for surrogate, or substitute, decision making by a
designated third party. Durable power of attorney implies
control over a broad array of decisions. "Health care deci
sions" limits the scope of the decision making power of the
designated third party to health-related decisions affecting
the maker of the legal instrument. Some states, therefore,
specifically identify a durable power of attorney for health
care decisions. This agent is not always the same person who
has durable power of attorney over other matters, e.g., han
dling finances.
A person normally may designate anyone to be a substi
tute decision maker under a durable power of attorney for
health care decisions, including a spouse, relative, friend, or
other trusted person. Ideally, the surrogate is one who knows
the individual very well, such as a spouse, child, or close
friend, and can articulate what the incapacitated individual
would say if able to do so. In comparison with living wills,
durable power of attorney has the advantage of allowing
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the mentally compromised individual to direct all forms of
medical treatment, not merely those related to death and dy
ing. Unfortunately, even the closest spouse or friend may not
have discussed every decision that might need to be made or
know what the incapacitated person's views would have been
on a particular issue. Doukas and McCullough recommend
that elderly patients record their preferences through a val
ues history, which establishes the general values that should
underlie the decisions made on that individual's behalf by a
proxy agent. 12
What occurs in the case in which a person fails to execute
a living will or durable power of attorney and a life-and
death medical decision must be made? The states each treat
this situation differently. One prominent example of how
this dilemma is addressed involves the Texas Consent to
Medical Treatment Act, under which the following list of
persons, in descending order of priority, are empowered to
consent to medical interventions for incapacitated hospital
ized patients or residents of a LTC facility: a spouse; an adult
child as a sole decision maker (with the consent of all sib
lings); a majority of reasonably available adult children; a
parent; another surrogate decision maker clearly identified
by the patient; the nearest living relative; and a clergy-person.

ELDER ABUSE
One of the most distressing facts about the elderly is that
they can be the victims of violence by criminals and abuse
perpetrated by their care-givers, including their family. Elder
abuse may take many forms, but it generally involves some
infliction of physical pain or mental anguish, confinement,
deprivation, or financial exploitation. The characteristics of
an elder abuser are unclear. Sometimes the abusing spouse
or child is continuing a tradition of family violence. The
abuse may also stem from a care-giver's own substance abuse
problem, which predisposes to violence in stressful situa
tions. Abusers may also have distinctly negative attitudes to
ward the elderly and unrealistic expectations of how much
an elder can cooperate with the care-giver. These negative at
titudes are not limited to family members. Sometimes paid
care-givers with little training in geriatrics or appreciation
for the elderly abuse patients. Physical therapists may assist
in the prevention of elder abuse by carefully guiding and ed
ucating all care-givers in the proper treatment of the elder and
establishing realistic expectations of an elder's dependency.
When a physical therapist suspects elder abuse, he/she
should report it to the appropriate authorities for investiga
tion of the complaint and the initiation of adult protective
services for the elder. These services differ geographically.
Each state has its own statutes that define who is responsible
for reporting abuse and to which agency. Therefore, it is the
responsibility of therapists to know the procedures specific
to the states in which they practice.
The therapist may have learned of the abuse as part of
confidential information or may have been instructed by the
patient not to reveal the situation. Although regulatory
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statutes that mandate reporting can be used to justify break
ing the patient's confidentiality, such breaches of trust can
not be taken lightly.
Health care professionals and their assistants and exten
ders have the professional ethical and (in most states) the
legal duty to identify and report suspected patient abuse to
law enforcement authorities. 47 Patient abuse categories re
flect patient age or relational status to the abuser, as follows:
child, domestic (spousal), and elder abuse.
Research reports indicate that health care professionals
do not report suspected abuse involving their patients as of
ten as they are required to, even when failure to do so con
stitutes a criminal offense. 2 Reasons proffered for failing to
report include lack of training on the signs and symptoms
of abuse, overwork, and fear of defamation liability expo
sure. Professional associations, including the American Phys
ical Therapy Association, offer guidelines and risk manage
ment seminars focused on recognizing and reporting pa
tient abuse. 17
Patient abuse may be physical (including sexual) and psy
chological (including neglect). In the absence of other expla
nations, common signs that may be indicators of patient
abuse include the following: untreated or unexplained in
jury; skin irritation, scratches, burns, lacerations, or bruis
ing; patient reticence; failure to make eye contact; annoyance
over personal questions during the taking of a patient his
tory; inappropriate withdrawal from touch; malnutrition or
dehydration; poor hygiene; soiled clothes; and clothing in
appropriate for the season or setting. As a matter of profes
sional ethical and legal duty and prudent liability risk man
agement, every health care clinical manager should ensure
that all clinical health care providers receive recurrent in
struction on patient abuse by competent professionals. The
act of reporting suspected patient abuse should not give rise
to liability (although it might give rise to litigation), because
health care providers are afforded qualified or limited im
munity from defamation liability for making good faith re
ports of suspected patient abuse to adult protective services
or other authorities. State legislatures should also provide
for anonymity and express release from confidentiality pro
visions in mandatory abuse reporting statutes.
Reporting abuse does not always lead to the consequences
that the therapist might intend. One way in which an elder
may be protected against further abuse is to be removed
from the environment in which it occurs. Some elders
will, however, refuse to leave their homes, even to escape vi
olence. Elders may be reluctant to talk to investigators, fear
ing reprisals from the perpetrator of the abuse. Revelation
of abusive conditions at home may unfortunately prompt
additional abuse from the care-giver who maltreated the el
der in the first place.

PATIENT RESTRAINTS
The use of physical and chemical restraints has also come
under intense ethical and legal scrutiny in recent years as a
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potential form of elder abuse. The Health Care Financing
Administration (HCFA) surveys LTC facilities for Medicare
and Medicaid certification, based on compliance with more
than 100 requirements delineated in the Nursing Home
Reform Act, part of the Omnibus Budget Reconciliation
Act of 1987 (OBRA).43 OBRA greatly expanded the rights
ofLfC residents, including a prohibition on the use of phys
ical and chemical restraints with nursing home residents
except under certain conditions. 19 Physical restraints may
never be used for discipline or the convenience of the nurs
ing home staff, and a resident may refuse to be placed in a re
straint. Restraints include not only traditional arm and leg
cuffs and lap belts but also bedding materials such as sheets,
when they are used to limit a patient's free movement, and
side-rails, if used to prevent a patient from exiting the bed. s
Restraints such as safety vests may be used to protect the pa
tient or others from harm but should be as least restrictive as
possible. A patient should be able to remove any physical re
straint used as a safety reminder, such as a lap board on a
wheelchair, without assistance from the staff. Proper record
keeping is essential when restraints are used because the pro
fessional applying the restraint may be held legallyaccount
able if one is used without appropriate documentation and
authorization.
Whenever physical restraints are to be used, providers
must justify their use through clear documentation in a pa
tient's treatment records, including a physician's order for
restraints; patient or surrogate informed consent for their
use; clinical justification; and a statement that less restrictive
alternatives to physical restraint have been tried and found
to be inadequate. The physician's order to restrain the pa
tient must specify the purpose of the restraint, the type of re
straint to be used, and the length of time it is required. If the
patient is awake, a restraint must be released every 2 hours.
While patient safety is a paramount consideration for every
patient care provider, many professionals regard the attempt
to reduce the use of physical and chemical restraints as a cre
ative challenge that allows an elderly person an optimal
amount of freedom of movement as well as protection from
harm. Since OBRA's implementation, the former widespread
use of physical restraints in long-term-care facilities has de
creased significantly; moreover no controlled study has con
cluded that physical restraints prevent falls or fall-related pa
tient injury.s
LEGAL PROTECTION OF
THE OLDER WORKER

Employment Protection
Not all ethical situations confronting patients and therapists
occur during illness or at the end of life. As the American
population "grays:' more and more older workers are partic
ipating in the labor force; some by choice, others by eco
nomic necessity. Data indicate that 30% of the total popula
tion older than 55 years are employed. 31 In 1996,57.9% of
Americans aged 55 to 64 years were employed. 4 Older work

ers face a dichotomy in their treatment by employers and
co-workers. On one hand, their perceived experience, ded
ication, and loyalty are viewed as positive attributes,
whereas their perceived diminished physical abilities and
lack of technological savvy create a negative impression,
which may subject these workers to employment discrimi
nation.
Physical therapists not only examine and intervene with
these patients, but they may also act as advocates, or at least
as initial resources for older patients, who are facing possi
ble employment discrimination. With a basic understand
ing of key employment law protections for older workers,
physical therapists can inform their patients of the right to
seek legal counsel for potential problems threatening their
work lives, as warranted.

The Age Discrimination in Employment Act
The Age Discrimination in Employment Act of 1967 (ADEA)
prohibits employment-related discrimination by private
and public-sector employers of workers aged 40 or 0lder.40
This broad prohibition against discrimination of older
workers encompasses the entire employment continuum
from recruitment and selection to training, promotion,
and conditions of employment.
The ADEA was augmented in 1990 by the Older Work
ers Benefit Protection Act, which clarified congressional
intent that benefits protection was included in age-related
federal anti-discrimination statutory law. 44 The amend
ment also permits employers to ask dismissed older work
ers to waive their rights to sue for age discrimination un
der the ADEA in exchange for compensation.
The Equal Employment Opportunity Commission
(EEOC) is the federal agency that administers and enforces
the ADEA (as well as other key federal civil rights laws).
State statutes and judicial case law may afford additional
protection to older workers. In 1991, the EEOC and state
agencies responsible for protecting older workers' rights
processed 27,748 age-discrimination claims. 27
In the current political climate, oider workers are find
ing it more difficult to prevail in age-discrimination claims
and lawsuits brought against employers. For example, fed
eral appellate courts have ruled that older workers claim
ing violations of the ADEA must prove intentional dis
crimination by their employers, and not merely a
disproportionate disparate adverse impact of employer ac
tions on older workers.25

MAKING ETHICAL DECISIONS
Despite the intricacies of the issues that have been presented
in the aforementioned text, physical therapists do actually
have to make difficult ethical decisions as part of their pro
fessional practice, just as they make difficult therapeutic
choices. No matter how difficult this task may be, the need to
decide can be inescapable. Fortunately, the overall process
used to make choices about physical therapy procedures is
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the same as the process that is used to make other kinds of
decisions in the clinical setting. In general, there are four
steps to determine what is the ethically right thing to do:
identifying the problem, formulating possible responses,
weighing the alternatives, and choosing a course of action.
The first step in the decision-making process requires us to
determine what the facts of the case are, what are the rel~
vant assumptions, and what are the unknowns associated
with the problem. Specifically, it is essential to define just
what the ethical problem is and what prima facie ethical
principles are relevant to the situation. Often there are also
additional facts about the context of the situation that are
helpful to make a decision. Does the situation raise legal
questions as well as ethical ones? It is quite possible that le
gal requirements prohibit or mandate certain actions by the
therapist in response to the situation, as in the case of elder
abuse previously discussed. Identifying these in advance
might decrease some of the uncertainty that accompanies
many ethical judgments.
Because ethical problems can evoke strong emotions very
quickly, it is often thought that there is only one right thing
to do. Physical therapists are fortunate in that most of the
ethical decisions that they must make are not split-second
life-or-death decisions. Although in some cases there is only
one right thing to do, it sometimes happens that there are
several equally acceptable and equally defensible things to
do. The second step in ethical decision making is to list all
the possible responses that may be made to a situation with
out prejudging the suitability of anyone of them. Often the
range of possible responses is much broader than originally
thought, and careful consideration of all possible responses
may yield an alternative plan that reflects more of the prin
ciples and values of the decision maker than the alternative
that was conceived first. Once again, the law's constraints on
professional behavior must also be considered.
Having set down the broadest array of responses, the de
cision maker must then proceed to weigh each of these op
tions in light of the principles of ethics, the ideals of the pro
fessions, and the values of the individual therapist. In the
case of a true dilemma, any option will compromise one
principle while upholding the other. Furthermore, there may
be sociocultural, economic, and political ramifications that
may need to be taken into consideration.
Finally, one must settle on an alternative and implement
a course of action. Resource constraints will rule some
choices out of consideration. This is particularly true in mat
ters of allocating scarce resources. For example, one way to
provide physical therapy to every patient solely on the basis
of need would be to hire as many therapists, physical thera
pist assistants, and aides as necessary in every physical ther
apy clinic. While this solution is ethically justifiable and ob
viates the need to ration resources, it is impossible to
implement. In choosing to act, the therapist must be ready to
take responsibility for acting. Although some ethical deci
sions are made with the same degree of uncertainty as other
professional choices, following these four steps to make a de-
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cision can ensure that each therapist has made a reasonable
and justifiable decision.

Case Study
A Day in the Life
Jennifer Radisson is the. physical therapist assigned to the
18-bed geriatric rehabilitation unit at Village Falls Medical
Center. She also works at a nursing home two blocks away
from the hospital, which has contracted for services with
Jennifer's physical therapy department of five therapists.
Most of the patients on the geriatric unit are on active phys
ical therapy programs. The therapists in this facility rarely
have a slow day. Jennifer usually sees eight or nine patients at
the nursing home for active therapy as well. Given her case
load, she is grateful for physical therapist assistants Bill Mon
toya, who works at the hospital, and Sabrina Jefferson, who
works part time at the nursing horne. The nursing horne has
hired a physical therapy aide, Vivian Lesko, for a few hours
each day to assist Jennifer, which also has helped her meet
the needs of so many patients.
As Jennifer sits at the nurses' station at the hospital early
one morning, sipping coffee and reviewing patient records,
Dr. Virgilio stops by to inquire about the progress of Mrs.
Godfrey, whose husband had been chief of medicine 30 years
ago and was a major fund-raiser for the hospital's building
campaign in the late 1960s. Although Jennifer is pleased with
Mrs. Godfrey's progress, it has been slow. Dr. Virgilio re
minds Jennifer how important the Godfreys have been to the
medical center and suggests emphatically that Mrs. Godfrey's
progress might be more substantial if Jennifer would in
crease the amount of time spent with her each day. Jennifer
responds that she will do the best she can and makes a men
tal note to review Bill's caseload for openings.
I?rian McSweeny, the head nurse on the unit, overhears
the conversation and sits down next to Jennifer after Dr.
Virgilio leaves. "Pushing for another donation, I bet:' he
whispers, "but don't give all your time away. There's a new
patient in Room 1212, who was admitted last night. Seems
like the poor guy lives alone with his son, who is known to
the social worker down in detox. This new patient, whose
last name is Gunther, is severely dehydrated, incontinent,
and hasn't been out of bed for a week. The son says that he
was fine until then:'
"Thanks:' Jennifer replies. "I'll put him right near the top
of my priorities today:'
Jennifer reviews her patient caseload. There is Mrs.
Godfrey, the new patient Mr. Gunther, and two patients
whose evaluations are still in progress. Jennifer is still not
very clear about what their needs might be. In addition,
Mrs. Reedy needs her discharge evaluation and referral be
cause she will be leaving the hospital for further rehabilita
tion for her hip fracture closer to her daughter's home. Mr.
Stevenson and Ms. Sanborn are patients whose treatment
goals and programs are well established. Jennifer co-treats
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Ms. Sanborn with Bill, the physical therapist assistant. She
has used this opportunity to develop Bill's skills in treating
patients with neurological disorders. Bill has been carrying
a full caseload of patients with diverse needs for the past
2 weeks.
As Jennifer is walking down the hall to meet the new pa
tient, Mr. Gunther, she spies Mrs. Godfrey looking forlornly
out the window.
"How are you doing today, Mrs. Godfrey?" she asks. "Is
anything the matter?"
"Well, dear, I know my family is pushing everyone around
here to wait on me hand and foot and to get me to therapy
even more often than you do:' Mrs. Godfrey replies. "But
frankly, I don't even want to do what I'm doing now. Please
don't take offense. You are a talented young woman, but I
just really want to go home. I can afford to pay someone to
help me:'
Unsure of how to respond, Jennifer says, "Maybe we can
talk about it later!'
Jennifer introduces herself to Mr. Gunther, who is a thin,
malnourished-looking man. As he responds to Jennifer's
questions about his home life, Jennifer notices some small
inconsistencies that suggest the need for a closer examina
tion of his mental status. Given the number of other patients
she has to see today, she decides to defer this issue until
tomorrow.
As she is examining the skin on his lower extremities, she
notices multiple cuts and several large areas of ecchymosis.
"Did something happen to you recently?" she asks.
"Yeah, that lousy son of mine got stinking drunk and
pushed me to the floor when he was supposed to be helping
me;' Mr. Gunther replies, almost with a laugh.
Jennifer is immediately unsure whether to believe him
based on his questionable mental status. She concludes her
examination and heads for the nurses' station to begin her
note writing. When her beeper goes off, Jennifer responds
immediately. The department secretary is transferring a call
from Sabrina, the part-time physical therapist assistant at
the nursing home.
Sabrina rapidly tells her that she was in a car accident on
the way to work. "I'm shaken, but I'll be better by tomorrow.
The car is the problem-it's a wreck. Look, I won't be in for
the rest of the week. Maybe Vivian can do something with
the patients. She really does know a lot about what I do with
them:' she says.
"Well, I agree;' Jennifer says, "but I have to think about
giving her so much responsibility, even if they really need
the care:'
As Jennifer heads toward the elevators and down to the
department to discuss the situation with the department's
chief physical therapist, she begins to review her predica
ment. She has a full caseload and now needs to cover for
Sabrina or let an aide provide the care. She's not sure what to
do about Mrs. Godfrey and Dr. Virgilio, nor what she should
do with the information about Mr. Gunther's bruises. Bill
cannot possibly increase his caseload without taking on a

few patients whose problems exceed his expertise. As the el
evator doors close in front of her, she wonders aloud, "What
am I going to do now?"
If you were Jennifer, what would you do?

SUMMARY
Physical therapists in geriatric practice interact with pa
tients, families, and co-workers in complex situations that
can require careful ethical and legal analyses. A physical ther
apist is guided in the decision-making process by a concern
to adhere to the ethical obligations of all health care practi
tioners and the rights of the patient. Specifically, with respect
to the elderly patient, the therapist must seek solutions to
ethical problems that conserve the individual's autonomy
and promote well-being. Legally, autonomy is recognized
through the requirements of informed consent. A strong
commitment to ethical behavior and a sound knowledge of
the laws governing professional actions are essential compo
nents of a geriatric physical therapist's clinical practice.
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ders who reside in long-term facilities, describes the physical
therapy examination and interventions commonly used
with these elders, and provides a case example.
PROFILE OF RESIDENTS
IN LONG-TERM CARE
Permanent residence in long-term care has typically been as
sociated with demographic factors, economic factors, and
functional status. Unmarried, aged white women who live
alone, are poor, and are impaired in activities of daily living
(ADL) and cognitive statuses are most likely to reside per
manently in long-term-care facilities.w The Health Care
Financing Administration (HCFA) reported demographic
characteristics of residents in long-term care. 30 More than
4500 residents from 177 nursing homes in six states were
categorized by diagnostic groups and stratified on the need
for complex care. The most common diagnostic categories
were (1) major stroke; (2) depression; (3) coronary vascular
disease (CVD), diabetes, dementia; (4) midstage dementia;
(5) late-stage dementia; (6) Alzheimer's disease; (7) co
matose and pulmonary; (8) multiple chronic disease, osteo
porosis, and fracture; (9) debilitated CVD; (10) post-acute
CVD convalescence; and (II) stable. They reported that the
majority (73.9%) of residents in nursing homes were female,
and the mean age varied by diagnoses. The youngest resi
dents were those who had experienced major stroke (mean
age, 77.5 years), whereas the oldest residents were those with
multiple chronic disease, osteoporosis, and fracture (mean
age, 90.4 years). Most residents were in the 85 to 94 age
group category.30
Approximately 46% of the residents were admitted from
an acute care hospital, whereas another 31 % were admitted
from private dwellings. The majority of subjects (80.3%)
were not married. Medicaid was the major payer source
(57.3%), followed by self-pay (29%). The mean length of

INTRODUCTION
T~e term "frailty" ~~~i~!.!_~ubset of older l'..~~ns who
have multiple deficits. Despite its widespread use in the lit
e1'iifi'ffii:there is noaccepted defmition of frailty. Neverthe
less, clinicians report anecdotally that "they recognize a
frail elder when they see one." Although imprecise, this
statement may not be far from the truth. Strawbridge and
colleagues have described frailty as a loss of capabilities
that make the individual more vulnerable to environmen
tal challenges. 44 Furthermore, they suggest that frail elders
demonstrate deficiencies in at least two of the following
domains: physical, nutritive, cognitive, and sensory. This
framework supports the notion that frailty can manifest it
self in many forms.
Institutionalization is a term that unfortunately conjures
up images of an older person being abandoned forever at
the door of some dark building. However, admission to
long-term-care institutions is not permanent in many cases.
If permanent residence is required, a wide variety of services
are available to residents to ensure quality of life for the re
mainder of life. This chapter describes the profile of frail el
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stay (LOS) for the entire sample was 636 days but varied
greatly by diagnoses. A LOS of 1 to 180 days was typical for
76% of patients with multiple chronic diseases, osteoporosis,
and fracture and for 69% of residents with post-acute CVD
convalescence. These stays are in marked contrast to patients
with late-stage dementia, who had a mean LOS of approxi
mately 5 years, and those with depression, who had an LOS
of 3 years. 30 From these data, one can see that many of the
residents who reside in long-term care have the potential to
benefit from physical therapy.
PHYSICAL THERAPY EXAMINATION
AND INTERVENTION
The challenges of working with frail elders in long-term care
are teasing out the many intervening factors that affect func
tion and determining which factors are remediable by inter
vention. 41 Fig. 28-1 depicts the commonly measured impair
ments and the physical, psychological, and cultural factors
that affect function. Clinicians working with frail elders
must recognize that measuring impairments and functional
limitations will give only a partial description of the older
person. The modifying factors should also be considered in
the evaluation process.

Examination
The examination entails taking a history, performing a
systems review, and using specific tests and measures, such
as tests for strength, flexibility, endurance, and balancel
coordination. 2

History
The history is obtained from the medical record and from
the resident and/or the resident's family or friends. A thor
ough history is essential to prognostication and to the cre

I eNS>

ation of a realistic plan of care. The patient's prior functional
or activity level may be the most useful information in set
ting long-term goals for the resident. Even in long-term care,
returning the resident to the prior level of function may still
be the ultimate goal. The goal or time frame to achieve the
goal may be modified by the other information provided in
the chart, such as the history of the current illness, nutri
tional status, and laboratory values. For example, if a resi
dent was independent in ADL and ambulation before hospi
talization for a fractured hip, an appropriate expectation
would be a return to independent level of functioning. Ther
apists make this decision based on knowledge about bone
healing. However, if a patient with metastatic prostate cancer
who was dependent in ADLs and was becoming increasingly
confused was hospitalized for a fractured hip, the therapist
would not set a goal for independence in ADL and ambula
tion. Likewise, if the patient who was previously indepen
dent at home experienced a stroke, the goal would need to be
modified from independence in function, based on the ther
apist's knowledge of recovery from stroke. These pieces of
information are critical to gather a clinical impression of the
person and establish realistic, obtainable goals.
History of falls should be noted in the history. The mean
incidence-orfills~ln-nufsifigliOmes-t<S-r.s-falls/bed per year.
\Jrhis rate is approximately 3 times the rate of that of com
r::unity-~we~i~~ts. The fracture.I~l~i§ ab0..!t!"i2i>,
whereas theserious injury rate is approximate~. 38 The
most common causes of falls among institutionalized elders
are gait impairments, balance irnjJ'!iI!l!~1~JQwer extrem
itY weakness;-aIzzmess or vertigo; environment-related fac
tors; confusion; ai:i~incrtidlngarihritiS; acute ill~,
drugs, pain, epilepsy, and falling from bed). In long
term-care institutions, the risk for falls include (in decreas
ing order): weak~clicit,gait deficit, impaired
mobility or use of walking aid, functional impairment, visual

<Nutrition I

FIG. 28-1 The complex intereactions of physiological capabilities and other modifiers that define func
tional behavior. (Modified from Scwartz RS: Sarcopenia and physical performance in old age: Introduction.
Muscle Nerve S5:S10-S12, 1997.)
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solved; however,.the.h~~~l'l~ost
will have caused impairments and functional }imita
. . Bedrest is KIlown toTmpair man s stems. For exame, bedrest is associate with decreased muscle strength,S
3~~-::'£iro@iosta~~ ~!nto!~rance,25 aiEt de
creased bone density.33 SupeI1i.1.l""osin bedrest on an indi
VI ual with mu tlp e comorbi ities, e.g. arthritis and CHF,
drastically increases the potential for functional loss. This in
formation is synthesized to formulate a clinical picture of
the patient before collecting more detailed information.
lik~11

Systems Review
A systems review can provide additional information about
various body systems. For example, a resident's cognitive 8tatus should be assessed if there is reported confusion or history of depression, since these conditions can affect treatment. For example, the Mini-Mental Status Examination
may be administered as part of the systems review of these individualsY This 30-point, untimed test will screen for gross
impairments in orientation; registration; attention; and calculation, recall, and language. Scores less than 24 out of a total of 30 points indicate some form of cognitive impairment,
and consultation with the health care team is indicated.!7
The special senses of vision and hearing should also be
included in the systems review. Since most residents are in
their 80s, it is highly likely that they have experienced agerelated changes in vision and hearing. Residents often wear
corrective lenses. However, approximately 25% of residents
in long-term-care settings who wear corrective lenses still
have moderate vision impairment, i.e., vision less than
20/70. 22 Hearing losses are the most prevalent of all sensory
losses.! In a sample of 198 nursing home residents, researchers asked residents whether they had difficulty hearing
in a group, while watching television, or while talking on the
telephone. This three-question method was significantly
more effective than the use of a single hearing loss question
in predicting which residents had hearing loss as measured
by audiometric assessment. 48 Details about the visual and
auditory status of frail elders will help the clinician plan the
treatment sessions.
Control of bowel and bladder functioning also can be
noted. Approximately 49% of residents in long-term care are
incontinent of urine.? Incontinence is reported to be highly
associated with impairment in ADL, the presence of dementia, restraint use, the use of bedrails, and the use of anti
.
anxiety/hypnotic medications. 7 Incontinence, for many resi
dents, may likely be due to impairments in ADL. Once func-(
tional status improves, one should expect incontinence also
to improve.
~
Before the appropriate tests and measures can be selected,
the clinician synthesizes the information obtained from the
history and systems review. ~mes, frail el~ have _
acute disease superimposed on several chronic conditions
and comorbidities. A disease, e.g. pneumonia, may be re-

Tests and Measures
Tests and measures performed on frail elders residing in
nursing homes are not geriatric-specific, with the possible
exception of some of the performance-based measures. Com
monly used tests address aerobic capacity and endurance,
range of motion (ROM), muscle performance, motor per
formance, and self-care activities. 2 Aerobic capacity and endurance tests include vital signs at rest and after activity, au
tonomic responses to positional change, and functional tests
of endurance. Ooi and colleagues reported that greater than
50% of more than 900 nursing home residents studied had
at least one episode of orthostatic hypotension. 34 Their op
erational definition for orthostasis was a 20 mm Hg or
greater decline in systolic blood pressure (BP) 1 or 3 minutes
after changing from a supine to a standing position. These
researchers measured BP in supine and standing after 1 and
3 minutes before and after breakfast and lunch. Frequency of
orthostatic hypotension was greatest before breakfast. Those
patients with persistent orthostasis tended to complain of
dizziness or light-headedness, be independent in ambula
tion, have hypertension (systolic greater than 160 mm Hg
or diastolic greater than 95 mm Hg) or mood disorders, be
taking psychotropic medications, and have multiple comor
bid conditions. 34
Range of motion is often limited in nursing home resi
dents. Molinger and Steffen measured knee flexion contractures in nursing home residents for 10 months. 3! They
reported that 75% of their sample of 112 residents had uni
lateral knee flexion contractures of greater than 5 degrees.
The presence of knee flexion contractures were associated
with resistance to passive motion, cognitive impairment, im
paired ambulation, and complaints of knee pain. Their results suggested that residents whose knee flexion contrac
tures approached 20 degrees may also develop subsequent
ambulation impairment, therefore intervention may be indi
cated in these patients.3!
Deficits in muscle performance are commonly multi
Muscle weakness-can result from age-relate~s
in strength (espeCi<lllrrllelowere~~ory of hip
fracture or aI'thritis, !1,42o(lr~~ bedrest_during recov~ry
from an acute disease prOcess. s Whatever the rationale, most
residents will need a strengthening program.
Motor function1'motOrconfrruaiiuliiotor learning) as
well as impairments in gait, locomotion, and balance and

J
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gait deficits can be assessed by a variety of balance and phys
ical performance tests described in the following text. The
Romberg test is a static timed test in which the person stands
with the feet together. It was not originally designed for frail
elders. However, the Romberg is included as part of the bal
ance screening assessment used for all residents in nursing
homes. This screening assessment is called the Minimum
Data Set 2.0 (MDS 2.0) (see Chapter 7). The MDS uses a
threshold of 10 seconds for advancing to higher-level tests
such as the semi-tandem or tandem Romberg. The tandem
test requires that the patient's feet are in a heel-to-toe posi
tion, and the semi-tandem test requires that the person's feet
are between the Romberg and tandem positions. These tasks
also use 10 seconds as the upper limit of performance for
both the tandem and semi-tandem tests. Iverson and col
leagues compared tandem Romberg times among three
groups of community-dwelling elders and found that those
who were sedentary or moderately active were able to main
tain the tandem position for approximately half the time of
very active elders; 19 seconds versus 38 seconds in the active
group.23 Another static balance test that is used alone or as
part of a physical performance test is the one-legged stand
ing (OLST) test. Bohannon originally reported that in a
small sample of healthy, community-dwelling persons in
their seventh decade, the mean OLST was 14 :!:: 9 seconds. 6
When OLST is used in physical performance measures such
as the Tinetti or Berg scales, described in the following text,
a more conservative approach is taken, and 5 seconds is the
upper limit of testing.
Physical performance measures include a variety of tools
that vary in length and complexity. The "Timed Up and Go"
test is a simple procedure devised for frail elders in a geriatric
day hospitaPS The test starts with the patient sitting in
an arm chair. The timing begins as the patient stands up,
walks 3 meters, turns around, walks back to the chair, and
sits down. Preliminary data from 60 subjects (mean age,
79.5 years) suggested that if it took the subject more than
30 seconds to complete the task, he/she would likely need
much more assistance in transfers, climbing stairs, and going
out alone. On the other hand, if the person took less than
20 seconds to complete the test, the person would likely be
independent in the aforementioned activities. 35 Using an en
tirely different approach to measuring risk for falls and thus
dependence in ADLs, the functional reach test measures
the amount of forward reach and estimates the margins of
stability.13 Predictive validity studies conducted with more
than 200 elderly male veterans indicated that persons with a
mean reach of 6 inches or less had the greatest risk of recur
rent falls. 12
Other performance-based tests include the Tinetti Test,
or Performance Oriented Assessment of Mobility (POMA),47
and the Berg Balance Test. 4 The tests are similar in that they
require the person to go through a variety of maneuvers that
involve both balance and function. The POMA includes a
balance segment and a gait assessment segment. The balance
portion of the POMA evaluates a person's performance from

a chair (sitting balance, arising from a chair, sitting down,
and immediate standing balance in the first 5 seconds) and
from a standing position (Romberg position, eyes open and
closed, sternal nudge, and turning 360 degrees). Scoring is
ranked as 0 = unable, 1 = able but requires assistance or
more than one attempt, and 2 = able to completely inde
pendent. The maximum score that one can achieve on the
balance portion is 16. Reliability has been established for
novice and experienced physical therapists. s Scores of less
than 10 appeared to differentiate between recurrent fallers
and non-fallers in a retirement community.46 The gait as
sessment includes initiation of gait, step length, step height,
step continuity, step symmetry, walking stance, amount of
trunk sway, and path deviation. These items are graded as
normal or abnormaJ.47
The Berg Balance Test includes the activities of going
from sitting to standing, standing unsupported, sitting un
supported, standing to sitting, transfers, standing with eyes
closed, standing with feet together, reaching forward with
outstretched arm, retrieving object from the floor, turning
360 degrees, placing alternate foot on stool, standing with
one foot in front, and standing on one foot. Scoring is rank
ordered from 0 to 4, with 0 being "unable to perform" and
4 being "able to complete task independently and in a timely
fashion:' The maximum score is 56. Reliability and validity
were established and found to range from good to excellent
in a sample of community-dwelling and institutionalized el
ders. Scores on the Berg test differentiated between groups of
subjects and corresponded to qualitative ratings given by
physical therapists. Persons who scored between 0 to 20
tended to be wheelchair bound and were rated as having
poor balance by other physical therapists. Those who scored
between 21 and 40 tended to walk with assistance, corre
sponding with a designation of fair balance by physical ther
apists in the study. Those who scored between 41 and 56
were usually independent in gait and were rated as having
good balance. Likewise, subjects who used walkers had a
mean score of 31, those who used canes had a mean score of
39, and those who did not use assistive devices had a mean
score of 47Y
Reuben and Siu developed the Physical Performance Test
(PPT) as a measure of fine upper extremity (UE) function,
gross UE function, balance, mobility, coordination, and en
durance. 37 Scoring is based on time and is ranked from 0
(unable) to 4 (most capable). The test can be used as a
9-item (max 36) or 7-item form (max 28). Subjects are
asked to complete the following tasks:
1. Write the sentence "Whales live in the blue ocean."
2. Simulate eating by moving five coffee beans from a bowl
to a coffee can using a teaspoon.
3. Lift a heavy book from a table, and place it on a shelf
above shoulder height.
4. Put on and remove a jacket, sweater, or laboratory coat.
5. Pick up a penny from the floor.
6. Turn 360 degrees.
7. Walk 50 feet by walking 25 feet out and 25 feet back.
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8. Climb a flight ofsteps (9 to 12 steps)*
falls and injuries among institutionalized elders.40 The tool,
9. Walk up and down a flight ofstairs as many times as possi
called "Safety Assessment for the Frail Elderly" (SAFE), is a
ble(max 4).*
performance assessment of transitional tasks and of walking.
Gait speed is an easy and objective performance measure
that has been shown to correlate with functional ability27
and incidence of falls 49 in elders. Many of the exercise inter
vention studies have used gait speed as a functional outcome
variable. Although the'methods for measuring gait speed,
distances walked during the tests, and instructions to the
subjects vary from study to study, the range of gait speeds re
ported for institutionalized elders vary from 0040 to 0.50
mlsec.15.2o.39 Interventions that report improvements in gait
speed report changes in the range of 0.03 to 0.06 m/sec. The
meaningfulness of these changes are not well-understood.
The data obtained from the tests and measures are used
to make a clinical judgment (evaluation) and to establish a
diagnosis and prognosis. 2 The examination findings often
suggest that frail elders have cardiovascular, musculoskeletal,
and neuromuscular impairments. The diagnosis (label en
compassing a cluster "of signs and symptoms) is multi-sys
tem impairment. Factors that may modify the frequency or
duration of visits include age, chronicity of condition, co
morbidities, psychosocial and socioeconomic stressors, and
accessibility of resources. 2 However, for many frail residents,
returning to the prior level of function is a reasonable goal.

The items assess safety awareness or physical functioning.
The transitional activities include 10 tasks comprising an el
der's ability to stand safely from a sitting position and then
to return to sitting. The 13 tasks involved in the walking as
sessment include standing, walking, turning, and picking up
objects from the floor. The items are scored from 0 to 4 and
are represented as a percentage of the total possible scores.
The 23 tasks can be expressed as four subscales and an over
all SAFE score. In a sample of 112 residents who were able to
stand and walk without assistance, the subjects who were re
strained had a judgment subscale score of 60.9%, whereas
subjects who were not restrained had a score of 87.3%. Like
wise, the overall SAFE score for restrained residents was
71.2% and for unrestrained residents was 90.0%. Reliability
has been established for SAFE.40 This tool is an example of
how coordination, communication, and documentation can
be used to keep the resident as mobile as possible.

Intervention: Patient-Related Instruction
Patient-related instruction is common in long-term care of
frail elders, especially in the form of verbal and pictorial in
struction to assist nursing staff in correct positioning of res
idents or correct guarding techniques. Box 28-1 contains a

Intervention: Coordination, Communication, and
Documentation
Intervention has three components: coordination, communi
cation, and documentation; patient-related instruction; and
direct interventions. 2 Coordination, communication, and
documentation include documentation and patient care con
ferences. Patient care conferences are conducted with all team
members to discuss the patient's plan of care. The confer
ences are held for all new admissions or whenever a signifi
cant change in functional status or medical condition occurs.
The team also is involved in decisions about restraint use. In
the past, restraints have been used to keep elderly residents
from falling and injuring themselves. However, the Omnibus
Reconciliation Act of 1987 specifies that residents have the
right to be free from restraints and therefore restraints can be
used only when all other alternatives to prevent injuries have
failed. I Since the time the act was enacted, restraint reduction
programs have proliferated in nursing homes and national
rates for restraint use have dropped from 35% to 15.5%.50
The rules that are used to reduce restraints have varied
from institution to institution. Physical therapists promot
ing mobility often find that they are the strongest advocates
for keeping elders restraint-free. Results from balance assess
ments and the fact that only 5% of falls result in fractures are
information the therapist uses to keep elders mobile. How
ever, more objective tools exist. Schnelle and colleagues de
scribed a tool that measured the behavioral factors related to
"The italicized areas are omitted for 7-item scoring. Reported reliability and
validity are good.'?

A. Introduction

B.

C.

D.

E.

F.

1. Principles of geriatric rehabilitation and restorative care
2. Goals of restorative program
3. Role of the restorative aide
Positioning and bed mobility
1. Dangers of prolonged bedrest and immobility
2. Abnormal posturing in bed and chair
3. Positioning techniques and aids for proper positioning
4. Body mechanics for positioning and bed mobility
Transfers
1. Body mechanics
2. Types of transfers (including use of Hoyer lift and emer
gency transfer techniques)
3" Exercises to increase mobility in bed or chair
Exercise and ROM
1. Definition of types of exercise
2. Principles of exercise and ROM
3. Incorporating exercise into ADL
Ambulation and assistive devices
1. Preparation for ambulation
2. Guarding techniques for ambulation
3. Weight-bearing status and other precautions
Working as a rehabilitation team
1. Roles of occupational therapy and speech-language pathology
2. ADL techniques

ADi

activities of daily living; ROM

range of motion.
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suggested curriculum that may be provided to nursing staff
who are involved in providing care to residents who are
no longer receiving skilled physical therapy interventions.
(See also the discussion on secondary prevention later in
the chapter.)

Intervention: Direct Interventions
Direct interventions most typically occur in the follow
ing categories: therapeutic exercise, functional training in
ADL and IADL, and prescription and training with assistive
devices. 2 Therapeutic exercise interventions may include
aerobic endurance activities, posture awareness training,
strengthening exercises, and stretching exercise. The litera
ture is beginning to describe effective interventions for
working with frail, institutionalized elders. Some interven
tions report the effectiveness of training to address a specific
impairment, such as strengthening of the quadriceps. Fisher
studied the effects of isometrically strengthening the quadri
ceps at 90 degrees of knee flexion and three different hip
flexion angles in a sample of 14 institutionalized men and
women. 16 The exercise consisted of five isometric contrac
tions, held for 5 seconds at three different hip angles. The
frequency and duration were 3 times per week for 6 weeks,
respectively. This minimal exercise produced changes in
isometric quadriceps strength for this sample. 16 Connelly
and Vandervoort studied the effects of strength training
the quadriceps on strength, "timed up and go" speed, gait
speed (slow, habitual, and fast), and grip strength. The sub
jects were 10 frail women with a mean age of 82 years
who took an average of six medications. The training con
sisted of knee extension exercises at 30% to 50% of their
one-repetition maximum (l-RM). The subjects performed
three sets of 10 repetitions 3 times per week for 8 weeks. The
intensity was upgraded weekly to maintain the 30% to 50%
of their l-RM. After the training, the subjects showed in
creases in isometric quadriceps strength, increases in 1-RM,
increases in slow and fast gait speeds, and improved "timed
up and go" speeds. 9 These data suggest that lower extremity
strengthening can impact the function of frail, institutional
ized elders.
The largest controlled trial of a strengthening regimen for
frail elders was conducted by Fiatarone and colleagues. IS In
this study, 100 nursing home residents (mean age, 87 years)
were randomly assigned to one of four groups: high inten
sity strengthening, nutritional supplementation, strength
ening and nutritional supplements, or a placebo exercise!
nutrition control group. Strengthening was targeted to the hip
and knee extensors, and the intensity was 80% of the sub
jects' I-RM. The residents performed three sets of eight rep
etitions 3 times per week for 10 weeks. The outcome mea
sures included strength (1-R.\1), gait speed, stair-climbing
power, nutritional intake, body composition, and physical ac
tivity. The strengthening intervention significantly improved
muscle strength and increased quadriceps cross-sectional
area, habitual gait speed, stair-climbing power, and overall

level of physical activity. The nutritional supplement did not
provide additional benefit to the changes seen with exercise
alone. 15 The design and number of subjects in this study
provide the most convincing evidence that high-intensity
strengthening exercises in frail, institutionalized elders is safe
and effective in improving Doth impairments and functional
limitations.
Aerobic training has not been as thoroughly investigated
in nursing home residents. However, Foster and colleagues
compared the effects of moderate- and low-intensity exer
cise in women residing in retirement homes. IS The mean age
of this relatively healthy sample was 78.4 years. The women
were randomly assigned to walk 3 times a week at a heart
rate that corresponded to 60% or 40% of their heart rate re
serve. After 10 weeks of training, both groups showed im
provements in maximal oxygen consumption, but there was
no difference between groups. Similarly, MacRae and col
leagues performed a randomized controlled trial investigat
ing the effects of a walking program on walk endurance
capacity, physical activity level, mobility, and quality of life
in nursing home residents. 29 The 22-week intervention re
quired that the residents in the intervention group walk
at their habitual pace for a maximum of 30 minutes per
day. The results showed that the daily walking routine im
proved residents' walking endurance but did not improve
the other outcome measures. 29 The results of these studies
suggest that low-intensity exercise (of sufficient duration)
may be enough of a stimulus to produce cardiovascular and
functional changes.
Impairments in range of motion can lead to contractures
in frail residents in long-term care. Light and colleagues in
vestigated an intervention for decreasing knee flexion con
tractures in institutionalized elders by comparing high load
brief stretch (HLBS) to low load prolonged stretch (LLPS).26
The protocol suggested by Light and co-workers consisted
of a I-hour duration of stretch, twice a day for 4 weeks. The
intensity of the stretch was such that the slack was taken up
in the muscle. The stretch was maintained by a traction unit
that hung off of a plinth. High load brief stretch consisted
of proprioceptive neuromuscular facilitation (PNF) tech
nique to hold the muscle at its end range for 1 minute, fol
lowed by a IS-second rest, and then the process was re
peated 3 times. LLPS techniques was found to be more
effective than HLBS in reducing knee flexion contractures. 26
Physical therapists do not generally treat single impair
ments in frail elders due to the presence of multiple co
morbidities. Research has begun to describe the effects of
individualized physical therapy on function. Harada and
colleagues studied the effects of range of motion, strength
ening, balance, gait, and transfer training on 27 ~esidents of
a residential care facility.20 The outcomes were three physical
performance measures: habitual gait speed, Berg Balance
Test scores, and POMA scores. The residents received indi
vidualized therapy 2 to 3 times per week for 4 to 5 weeks.
Each session lasted 20 to 40 minutes. After the individually

j
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determined intervention, the subjects demonstrated signifi
cant increases in Berg and POMA scores but no signifi
cant increase in gait speed. 20 The authors suggested that a
longer intervention period may have been needed to observe
changes in habitual gait speed.
Mulrow and colleagues conducted a randomized con
trolled trial with 197 residents from a skilled nursing facility.
The residents were randomized to an intervention or control
group. The intervention group performed individualized ex
ercise 3 times a week for 30 to 45 minutes for 16 weeks. The
exercises consisted of passive range of motion (PROM), ac
tive range of motion (AROM), progressive resistive exercises
(PREs), endurance ~xercises, balance training, bed mobility,
transfer, and wheelchair and gait training. The control group
received friendly visits for the same frequency and duration.
The outcomes measures included fall rate, Physical Disabil
ity Index (POI) scores, ADL scores, and health status as mea
sured by the Sickness Impact Profile. 32 The POI is a perfor
mance-based measure for use in frail nursing home
residents. 19 The 65 items in the scale measure performance
in range of motion, strength, balance, and mobility. The
items are converted to scaled scores (0 to 100, with 100 be
ing the best performance) .19 During 16 weeks of exercise, the
subjects spent the majority of sessions (69%) doing strength
and endurance activities, 33% of the time doing functional
training, and 40% of the time doing ROM exercises. The
only differences between the intervention and control
groups at the end of the 16 weeks was a 15.50/0 improvement
in the mobility subscale of the PDI,32 Considering the evi
dence from the strength training research, the clinician
should question whether the intensity of the strength train
ing was sufficient and why a relatively small percentage of
sessions included functional training.
Balance is usually implicitly studied with falls research
because of the strong association between balance impair
ment and fall risk. Ray and colleagues evaluated a falls pre
vention intervention in nursing home residents who were at
a high risk of falling. 36 The 267 control subjects resided in
different nursing homes than the 232 residents who received
the intervention. An interdisciplinary falls consultation team
conducted the intervention and attempted to decrease un
safe practices in the following four domains: environmental
and personal safety, wheelchairs, psychotropic drugs, and
transferring and ambulation. Residents' rooms were assessed
for environmental hazards, wheelchairs were assessed and
modified as needed, psychotropic drug use was evaluated in
ambulatory residents, safety in transfers and gait was evalu
ated, and in-services were given to all nursing home staff re
garding causes and consequences of falls and for recognizing
environmental hazards. The outcome measures were the
number of recurrent fallers and the number of injurious
falls. An average of 15 recommendations were made per pa
tient. The intervention group showed 19% fewer recurrent
fallers and 31% fewer injurious falls. The program was more
effective among the residents who had three or more falls the

prior year and when compliance with the recommendations
was achieved. These results suggest that high rates of falls
can be lowered through interdisciplinary approaches in
long-term-care settingS. 36

SECONDARY PREVENTION
Secondary prevention refers to decreasing the risks of func
tional decline and impairment progression. In most long
term-care settings, the risk of decline is addressed by the use
of restorative nursing programs. Restorative nursing pro
grams are generally carried out by certified nursing aids
and/or physical therapy or occupational therapy aides and
can include programs such as supervised ambulation or
ROM exercise programs. These programs can flourish if
both nursing and rehabilitation staff are committed to
their success. Programatic features that should be present
include (1) a method of screening to assess functional abili
ties or to classify patients according to program require
ments or guidelines, (2) a means of reassessment to deter
mine whether residents continue to need the services,
(3) a documentation/communication system to convey
information about patients to all staff involved in the pro
gram on an ongoing basis and to ensure accountability, and
(4) a method of objectively evaluating the effectiveness of
the program and determining whether program goals have
been met. 21
Physical therapists often refer patients to these restorative
nursing programs upon discharge from skilled physical ther
apyas a type of "step-down" program for the residents. Al
ternatively, residents will be referred to restorative programs
if they require physical assistance with walking but will not
achieve independence. Other suggestions for restorative pro
grams include turning and positioning programs, wheel
chair mobility and endurance programs, ADL programs,
active range of motion programs, and restorative dining
programs. Recreational therapists, occupational therapists,
and nursing aides may all be involved with these programs.
Programs that encourage walking as part of the resident's
daily routine, e.g., walking to the dining room, have been re
ported to increase overall ambulatory endurance,24,29 de
crease fall rates,24 decrease incidences of incontinence,29 and
inhibit functional decline. 43

Case Study
The physical therapist received a referral from the staff
physician to evaluate and treat a resident in the skilled nurs
ing facility who has just completed medical treatment for
pneumonia.

History
Demographics: The patient
speaking male.

IS
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Social history: The patient is a retired clergyman. He has
telephone contact with several colleagues and has one regu
lar social friend who visits almost daily.
Living environment: The resident has lived in the skilled
nursing facility for the last year and plans on remaining there
for the rest of his life.
History ofcurrent condition: He was treated with IV an
tibiotics and bedrest for 10 days. The referral was received
2 weeks after the initial diagnosis of pneumonia was made.
The patient is incontinent of urine. The patient understands
what has occurred and is anxious to return to his prior ac
tivity level.
Functional status and activity level: Before this illness,
he was ambulating daily with a rolling walker for approxi
mately 500 feet. He was usually accompanied by his friend
during these walks. The patient was independent in all other
ADL, except putting on his shoes.
Medications: amitriptyline (Elavil), multivitamins, co
lase, carbidopa-Ievodopa (Sinemet)
Other test and measures: Lungs clear on radiographs
taken 4 days before referral.
Past medical/surgical histories: Parkinson's disease, os
teomyelitis; of the left lower extremity (LLE) for the past 50
years; depression; left hip fracture with ORIF 3 years ago;
right eVA with mild left hemiparesis 2 years ago; wears an
kle foot orthosis on LLE; history of multiple falls.
Health status: Before the episode of pneumonia, the pa
tient reported his health status as good. He now reports that
his physical functioning is poor to fair. The medical record
indicates that the patient's psychological function is fair
since he has episodes of confusion and hallucinations.

Screening
Cognition: The resident scored 28/30 on the Mini-Men
tal Status Examination, suggesting that cognitive function
should not interfere with treatment.
Skin: This patient has. been in bed, inactive, and has a
history of osteomyelitis. Upon further questioning, the pa
tient reported that he was shoUn World War II and has had
a wound in his LLE ever since; he denied experiencing pain
in the area. Further consultation with nursing staff and vi
sual inspection indicated that there was a quarter-size open
area on his left shin that had not changed in size or drainage
since he was first admitted to the facility. The patient had no
other areas of skin redness.
Special senses: The patient wears corrective lenses to
read. The patient reported that he has difficulty hearing when
using the telephone; this information would suggest that the
patient uses non-verbal cues to increase his understanding
of the spoken word.
Continence: The patient's incontinence occurred since
the pneumonia. Because the patient reported that he was
aware of the need to void and pneumonia was the only new
disease, the incontinence is most likely due to his impair
ment in ADL. Once his functional status improves, his in
continence also should improve.

Tests and Measures
Aerobic capacity and endurance
• Vital signs at rest and after activity
Resting heart rate (HR): 76; BP 130/70 mm Hg;
respirtory rate (RR), 18
After activity (25 feet ambulation with rolling walker)
• HR: 98, BP: 125/72 mm Hg, RR: 28
• Autonomic responses to positional changes
Supine HR: 72, BP: 125/70 mm Hg
After standing 1 minute: HR: 76, BP: 102/74 mm Hg
• Performance-based test of endurance: unable to perform 6
minute walk test
Sensory integrity: Proprioception is impaired in left great
toe, intact proximally; superficial pain and light touch are in
tact in both LEs
Reflex integrity: +Babinski
Passive range of motion: Upper extremities (UE): within
functional limits (WFL); hip and knee flexion: WFL; hip ex
tension: 15 degrees from neutral bilaterally; knee extension:
- 20 degrees on left and 15 degrees on the right
Muscle performance
• Muscle tone: No resting tremor, mild rigidity left greater
than right; UE greater than LE
• Muscle strength: (0-5 grading)
• Hip extension: Unable to formally test; functionally ap
pears 3+ bilaterally
• Hip flexion: Left, 3+/5; right, 4-/5
• Knee extension: Left, 3 + to - 35 degrees extension; right,
4- to -20 degrees extension
• Knee flexion: Left, 4/5; right, 4/5
• Dorsiflexion: Left, partial anti-gravity motion in synergy;
right, 4-/5
• Triceps: Left, 4/5; right, 5/5
• Grip strength: Left, 5/5; right, 5/5
Motor Function
• Balance testing: Functional reach, 3.2 inches; Romberg eyes
open, 10 seconds; semi-tandem Romberg, 2; tandem
Romberg, unable
• Physical performance tests
Timed Up and Go, 68 sec (with rolling walker)
Berg Balance test, 25/56
• Gait Assessment: Patient uses rolling walker and requires
contact guard; stopped after 25 feet secondary to complaints
of shortness of breath and fatigue. Patient remains in hip
and knee flexion throughout all phases of gait. He exhibits
shortened step length bilaterally. His gait speed is 0.65 mlsec.
Wheelchair parts management and safety: Patient is inde
pendent in propelling short distances (50 to 100 feet) in
doors using both arms and legs. Patient is limited by overall
fatigue, can lock and unlock wheelchair brakes indepen
dently, and exhibits safe behavior with wheelchair brakes.
Self-Care (including ADL and IADL)
• Transfer ability: Sit to stand from wheelchair with mini
mal to moderate assistance; patient tends to fall posteriorly.
• Bed mobility: Patient rolls side to side with rail indepen
dently supine to short sit independently.
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Orthotic, Protective, and Supportive Devices
Alignment and fit of AFO: Post-leaf spring orthosis fits pa
tient appropriately and does not cause reddened skin after
ambulation.

100
90
80
70

Intervention
This resident was treated 5 days per week for 1 month. Be
fore his sessions began, he would lie supine on a plinth for
1 hour. An aide placed hot packs under his thighs and
weights on the anterior aspect of his thigh to provide a low
load long duration stretch to his bilateral knee and hip flex
ors. The patient then performed high-intensity strength
training for his quadriceps and hip extensors (2 times per
week) and an upper and lower body active range of mo
tion aerobic program for 20 minutes at an RPE of 14
(3 times per week). Transfer training and gait training with
a rolling walker occurred daily. Nursing staff was instructed
to put knee immobilizers on the resident's knees during
his hours in bed. After 2 weeks of physical therapy, the
resident was started on an ambulation program on the
nursing unit so that he ambulated every afternoon. After
1 month, the resident had returned to his prior functional
level of independent ambulation with a rolling walker for
500 feet.

SUMMARY
The complexity of frail, institutionalized elders necessitates
the use of an organizational framework to analyze patient
problems. Existing literature and the Guide to Physical Ther
apist Practice2 can help the clinician change what is depicted
in Fig. 28-2. This figure depicts a theoretical decline in vigor
with agingY What is not represented in this graph is the im
pact of physical therapy on the slope of projected decline.
Preliminary research has demonstrated that frail, institu
tionalized elders can improve both impairment level mea
sures as well functional status through rigorous, well
designed exercise programs. Our challenge is to continue to
define and deliver effective physical therapy with frail, insti
tutionalized elders.
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without infirmity and in those who have less-than-optimal
health.
Several other factors should influence the course of ac
tion of physical therapists. Older adults also are living
longer, and because women tend to outlive men, most of
those who need assistance with exercise planning are
women. On average, women live with physical infirmity 4
years longer than do men, a dismal scenario for the end of
life. 36,46,47,51,56 Thus, much of the targeting done by physical
therapists should be directed toward women and before they
functionally decline.
Adults who experience physical limitation are generally
older. Reportedly, more than one half of adults older than
85 years are unable to complete activities of daily living
without help.46,56 The physical difficulty most frequently
reported is walking,22,42,60 which suggests that one of the
primary goals of exercise should be improvement in walk
ing capacity.
What is the implication of these findings for the well el
derly? A substantial proportion of the physical difficulty
experienced by the older adult population can be pre
vented by adherence to a program of simple physical activ
ity, prescribed and promoted by a physical therapist. If ex
ercise, in any capacity, were incorporated into the daily
routine, a shift to a more capable older adult population
would occur. IO,12,27-29,49
It is ironic that exercise must be added to the daily rou
tine. Until World War II, the completion of chores was suffi.:
ciently challenging physically to preclude the need for exer
cise. Since that time, more and more modern conveniences
have eliminated the need for muscle contraction and move
ment. It is this increased sedentary life-style that has con
tributed to the loss of function in our society.
This chapter was written with the intent of providing
some of the tools for determining what is needed in a pro
gram of exercise for the well elderly. This chapter also pro
vides some suggestions for exercise prescription for elders.
Because those in the young old category (65 to 75 years) tend
to have different needs and deficits than men and women
older than 75 years, some attention is given to evaluative

OUTLINE

INTRODUCTION
Because the older adult population is growing at such a
rapid rate, it is more important than ever for physical ther
apists to become involved in promoting wellness for these
men and women. In the past decade it has become apparent
that physically active older adults are the ones who advance
into old age successfully, without physical infirmity.lo,12,27
29,49 Indeed, exercise has been described as the most potent
modifier of physical frailty of any modality available, which
provides our profession with unlimited opportunity, 1,35,54
There is no other discipline with the potential to influence
the destiny of so many older adults as can physical therapy.
It is also becoming, apparent that older men and women
are capable of adapting to an exercise stimulus at any age.
There is a growing body of literature that clearly
demonstrates that the elderly can make substantial gains
in strength,19,37.43,44,52,55 flexibility,5,g balance,11,34,58 endur
ance,IU6,32 and physical functional capacity, 15,18,53,54 which of
ten results in enhanced psychological well-being and self
efficacy. IS These gains have been made in men and women
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procedures and exercise modes that are somewhat age and
capability appropriate.
What constitutes "well elderly?" Definitions vary, includ
ing those that exclude pathology (very few elders) to those
that exclude current hospitalization (nearly all elders).6.7 For
purposes of this chapter, well elderly is defined as someone
living in the community who is accomplishing all or most
ADL independently and does not need rehabilitation. Typi
cally, well elderly have chronic diseases-mostly arthritis, di
abetes, and coronary artery disease-but the disease does
not preclude participation in physical activity.
THE NEED FOR EXERCISE IN THE
WELL-ELDERLY POPULATION
As indicated in other chapters of this text, normal age-re
lated changes occur in all tissues. Of particular relevance to
physical therapy is the decline in muscle mass and strength
that has been associated with difficulty in performing se
lected activities and with placing elders at a higher risk for
falling.2.3o.38.41.45,57 Even though strength and muscle mass be
gin to decline in the third decade/ the loss in mass and
strength seems to accelerate after the age of 65 years.3,2l This
accelerated decline suggests that intervention in the young
old years is even more important to prevent the superimpo
sition of the negative effects of inactivity on top of normal
aging and to maintain muscle mass and strength as long as
possible. The author's experience in working with men and
women between the ages of 60 and lOO years suggests that
intervening in the young old years yields bigger gains in the
long run, before losses are irretrievable, than trying to gain
something from nearly nothing.
The rate of decline in strength and muscle mass varies
from muscle group to muscle group. In general, a faster and
larger decline occurs in the muscles of the lower extremity,
particularly those needed most for posture, such as the
gluteals, quadriceps, and plantar flexors. 3 If disease is pre
sent, the degree of strength decline is even greater, particu
larly when pain is present, as in some cases of osteoarthritis.
It should be noted that strength decline with aging has been
reported to be -1% per year in healthy subjects.3,26 Thus,
those with disease, painful conditions, and physical inactiv
ity probably have an even greater rate of decline.
Does muscle strength decline in physically active individ
uals? The answer unequivocally is yes, but the decline is far
less than that seen in sedentary persons. For example, power
lifters in their 60s and 70s who came into a clinic for testing
generated approximately one half the torque as lifters in
their 20S.9 Torque values for the older lifters, however, were
nearly 30% higher than those of inactive elders of the same
age. It appears that continuous resistance exercise training
markedly attenuates strength losses with aging but does not
eliminate loss altogether. 9 Klitgaard and co-workers found
strength and muscle fiber area values for older lifters to be
comparable to those of young sedentary men. 31 What these
data suggest is that a significant portion of the strength loss

that occurs with age is due to disuse. A number of studies of
humans and animals supports the contention that an unac
ceptably large proportion of the change in strength and
function with age is due to inactivity.17,47,53
THE UTILITY OF EXERCISE FOR THE
OLDER ADULT

During the past decade a number of studies documenting
the positive effects of exercise for the older adult have been
pubtished. These reports overwhelmingly confirm the
"trainability" of the older adult for endurance, strength, bal
ance, and flexibility. For example, Frontera and associates
trained men aged 60 to 72 years on a universal gym for 12
weeks. The training load was 80% of an individual's one
repetition maximum (l-RM), and three sets of eight repeti
tions were performed 3 times per week. An enormous
(109%) increase in the 1-RM was obtained. 20 Probably the
most exciting study to date demonstrates that frail men and
women can gain strength. Fiatarone and colleagues weight
trained 10 long-term-care residents ranging in age from 86
to 96 years.19 An 8-week program of three sets of eight repe
titions of knee flexion and extension at 80% 1-RM was per
formed 3 times a week. Initial quadriceps strength averaged
9 kg at the beginning of the study. The average strength gain
at 8 weeks was 174%. Total muscle mass as determined by
computerized tomography increased an average of 9% in the
quadriceps. Furthermore, changes in functional mobility,
e.g., time taken to rise from a chair, correlated with the im
provements in muscle strength. The 174% increase in
strength compared with the 9% increase in muscle mass
strongly suggests that disuse accounted for the majority of
the decline in strength. More recently, Chandler and col
leagues demonstrated that improvements in lower extremity
strength were directly related to enhanced functional ability
in a group of men and women who were frail. n Their
strength training program of Theraband exercises in the
home setting 3 times per week for 10 weeks resulted in a sig
nificant increase in chair rise time, preferred walking speed,
and falls efficacy.13 Cress and colleagues strength trained
older men and women for up to 1 year and demonstrated
that strength gains occurred continuously throughout that
time period. 16 The greatest gain occurred within the first 3
months, but the lack of plateau in strength after 1 year was
unexpected. There are several other studies that demonstrate
that strength gains of a more modest nature are possible
with lower-intensity programs,2,34,38 which is important be
cause strength increases are often needed in patients; how
ever, because of the pathology commonly present, tradi
tional methods of strengthening are not appropriate. In
summary, the studies cited indicate that the potential to gain
strength is present at all ages.
It is important to note that most of the subjects involved
in the studies by Fiatarone 19 and Cress l6 had medical prob
lems: arthritis, coronary artery disease, osteoporosis, and hy
pertension. Yet strength training was feasible in this popula
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tion and was associated with significant gains in strength
and an increase in functional ability. All subjects safely com
pleted the protocols, even those with cardiovascular disease.
Flexibility also is amenable to change in the older adult.
Range of motion (ROM) increases have been observed in the
neck, shoulder, hip, and other joints as the result of an 8-week
program of dance therapy,38 a lO-week program of
Feldenkreis exercises,53 and with more traditional exercises
emphasizing the end range of motion.8,34,39 Whether the in
creases in passive range of motion translated to improvements
in active range was not demonstrated in any of these studies.
In-house experience with a somewhat frail older adult
population (x = 83 ± 4 years) indicates that (1) ROM in
creases do not translate into major changes in functional ca
pacity and (2) improvements vary tremendously (range 0 to
22 degrees) given all the joint pathology present in this pop
ulation. Twenty-five men and women who performed daily
stretching exercises at home for 3 months had significant
improvements in ROM, as expected, but performance on a
physical performance test did not change. The time taken to
put on and take off a laboratory coat was improved, but
overall scores on the test did not increase.8
Cardiovascular endurance changes in response to exercise
have been studied the least in older adult populations. Car
diovascular adaptation to exercise has been observed in
older adults between the ages of 60 and 79 years,I,32 but very
little is known about the potential for adaptation for those
older than 79 years. High-intensity aerobic training inter
ventions have not been described at all in the frail elderly. In
a young old group of men and women (61 to 67 years), Seals
found that the 11 subjects increased their V02max an aver
age of 30% in response to a I-year endurance exercise pro
gram. 48 More importantly, these investigators also observed
that a program of walking at 40% of heart rate reserve in
creased V0 2max by 12%. Forty percent of heart rate reserve
is well within the capability of most men and women older
than 60 years, even those with mild hypertension, pul
monary disease, congestive heart failure, arthritis, and other
limitations. Hagberg and colleagues demonstrated that 70
to 79-year-old men and women who trained 3 times per
week at 75% to 85% ofV0 2max increased V0 2max an aver
age of 22%.25 Subjects in this study, however, were above av
erage in fitness and ability.
More recently, it has been reported that older adults are
able to improve balance, even subjects who are at risk for
falls. Important studies by Wolf,58 Shumway-Cook and col
leagues,50 and others33,;; clearly indicate that older men and
women are able to improve standing and walking balance
significantly. Wolf and associates, for example, noted that
men and women at risk for falling decreased their risk and
were less afraid of falling after a 15-week program of Tai Chi
exercise.58 Wolfson examined subjects who underwent 3
months of intensive balance training followed by 6 months
of low-intensity Tai Chi. Subjects improved on all measures
of balance and also maintained their exercise-related gains in
balance at the 6-month follow-up.59 Shumway-Cook and

colleagues used an individualized multi-dimensional exer
cise approach--e.g., balance, mobility, strengthening, and
flexibility, if indicated-to improve balance, mobility, and
falls risk. This approach was very successful. Significant im
provements in the Tinetti Mobility assessment, functional
balance test, and falls risk were among the results achieved. 50
Thus, exercise appears to be efficacious for the improvement
of balance, and some studies seem to indicate that exercise
can have a beneficial effect on falls risk.
In studies conducted by the author and colleagues of frail
older adults aged 80 years and older, significant improve
ments on the Berg test for balance, the Romberg test, in the
ability to negotiate an obstacle course, and to stand on one
limb were noted in response to a low-intensity exercise pro
gram that included balance training. Functional reach did
not change during the 3 months of physical therapy-type ex
ercise but did improve significantly after 3 months of
strength training, which also resulted in an increase in calf
strength (unpublished observations).
In summary, the recent literature overwhelmingly sup
ports the efficacy of exercise for improving strength, flexibil
ity, balance, and other factors associated with reduced phys
ical function, even for the oldest old. In addition, studies are
beginning to indicate that improvements in strength (but
not other risk factors for frailty as yet) have a direct impact
on function. Increases in strength have been related to in
creases in chair rise time, self-selected gait speed, stair climb
ing, and stopping. Clearly, ~rCise has the potential to keep
older adults from losing their independence and to maxi
mize their remaining abilities.

How TO GET

STARTED

Initial Observations
Appropriate exercise prescription for the well elderly is based,
like all of physical therapy care, on information obtained
from examination and evaluation. Whether the desired out
come for exercise is improved strength, enhanced flexibility,
or ability to run a marathon, examination is imperative.
An evaluation for an exercise program begins immedi
ately with patient introduction. The first 30 seconds of con
tact often provide the necessary information to get started at
the proper level of examination. For example, if the patient
has difficulty getting out of the waiting room chair, ambu
lates at a slow rate of speed to the examination area, and is
breathing heavily with the little bit of effort required for this
task, it is immediately recognized that strength, gait, and car
diovascular endurance must be examined at the start. Once
lower extremity gait, strength, and cardiovascular endurance
have been examined, other areas that need to be examined
will be obvious, e.g., range of motion, balance, and function
(ADL and IADL). These observations also will make it ap
parent to the therapist whether the patient's desired exercise
outcome is feasible. For example, if the aforementioned
person desired to resume square dancing, the therapist
would have sufficient information to disabuse the patient
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from attending dance classes immediately. Rather, a remedial
program of strengthening activities with an emphasis on
standing and walking for endurance might better serve this
individual as a first step. Perhaps the next step could be a
course in ballroom dancing.
The therapist's immediate observations can provide the
majority of information needed to determine what addi
tional specific examination tests and measures are appropri
ate. Sharp observations skills are imperative as well as close
attention to detail in observing functional activities such as
climbing steps, rising from a chair, walking, and turning-all
of which are indicators of strength and range deficits and
limitations in balance. Any hesitancy in doing what is re
quested should be noted. It is important to note whether the
patient is lean, tall, stout, or disproportioned in some way
and whether posture is of concern. Other things to notice
when meeting with a patient for the first time is whether
he/ she uses an assistive device, has apparent swelling, avoids
use of a body part, wears clothes and shoes that were selected
for ease of application, wears glasses and/or hearing aid, has
appropriate skin color and hair on the extremities, or has
obvious joint deformity. Again, this information serves as
the basis for the remainder of the examination.
If older adults are simply coming into the clinic for exer
cise, the 30-second evaluation can often provide adequate
information to get started at an appropriate level of activity.
For example, if most of the adults coming to the clinic use an
assistive device, are slow to get started, and appear a little de
ficient in balance, perhaps exercises should be done, at least
initially, sitting or holding onto the wall or chair. If a patient
is robust, has a substantial amount of muscle mass to work
with, and is in good health, then a fairly rigorous program of
exercise can be initiated, once baseline measures of heart rate
and blood pressure are established.

History
During the course of examination, some form ofhistorytak
ing is indicated. Some suggestions for inclusion that are over
and above the usual information related to age, date, gender,
and weight include the following:
1. Exercise history. Is the patient accustomed to physical ac
tivity or is this the first time he/she ever participated in
exercise? Caution is indicated when progressing someone
with no exercise background. Sense of body, particularly
body in space, may be remarkably limited.
2. Medical problems. It is rare that an older adult does not
have multiple medical diagnoses. Even though medical
compromise is usually a given, there are conditions for
which care must be taken, such as heart disease, arthritis,
diabetes, osteoporosis, and hypertension.
3. Medications. Is the patient taking a medication that will
alter exercise responses, e.g., beta blockers?
4. Painful conditions. Does the patient have chronic condi
tions such as back or hip pain that require referral to a
physician or accommodation in an exercise program?

5. Recent injuries or surgeries.

I

Cardiovascular System Review
Another imperative for working with older adults is some
test of the cardiovascular system. The facility in which the
author works does not have the means to do sophisticated
stress testing, therefore patients must receive approval from
their physician before the physical therapist's examination.
Most of the referring physicians are helpful in providing a
safe or target heart rate range. During the other parts of the
physical therapist's examination, blood pressure and heart
rate are monitored to get some idea of how much challenge
the cardiovascular system can tolerate.
The author's clinic is not readily accessible, requiring pa
tients to walk a considerable distance from the parking lot,
and then they must ascend a flight of stairs just to get to the
waiting room. If a 70-year-old patient is sweating profusely
by the time he/she arrives and has a heart rate of 130 beats
per minute (bpm) and a blood pressure of 180/90, data sug
gest that a walking program to increase cardiovascular en
durance is probably more than adequate initially.
Even when a target heart rate or heart rate range is pro
vided, it is hard to know where to start without some notion
of what type of activity will generate such a heart rate re
sponse. Follow-up tests and measures typically include walk
ing at normal speed, fast walking, or walking on a treadmill;
heart rate and blood pressure are monitored throughout. If
a patient wants a home exercise program for a specific piece
of equipment, heart rate and blood pressure monitoring are
done on that piece of equipment. A large number of persons
who go to the author's clinic have exercise bikes, rowing ma
chines, and so forth that are gathering dust in the basement.
These items typically were gifts because "the patient needed
to get some exercise:' Now the patient needs proper guide
lines on how to use his equipment appropriately.
One of the most useful tests of cardiovascular capability
is the 6-minute walk. 24 This test requires the therapist to
record a baseline heart rate while a patient is sitting quietly
and then to have the older adult walk (or propel a wheel
chair), using whatever assistive deyice is required, as far as
he/she is capable for 6 minutes. If rests are needed, they are
included in the 6-minute data collection period. A markedly
deconditioned patient, for example, might walk while push
ing a wheelchair for 15 feet, sit down and rest, push the chair
another 15 feet, sit down and rest, and so forth. The total dis
tance achieved during the 6-minute walk might be 75 feet
(in contrast to the 1800 feet accomplished by a young adult
without running). Immediately after the 6 minutes, heart
rate is measured and used as another indicator of the stress
of the test. Improvements in cardiovascular endurance may
be noted in both the distance traveled and the heart rate re
sponse. If someone walks farther at the same heart rate, ob
vious improvement has taken place.
To summarize, elsewhere in this text are specific exercise
tests for examination of the cardiovascular system. Some
type of follow-up may be indicated to determine how the
heart will function during an actual exercise intervention. In
other words, patients will probably need information related
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to how fast they should walk, whether to incorporate an in
cline on the treadmill, how much resistance to use on a bi
cycle, and how long to exercise. Supplemental information,
over and above that gained from stress testing, typically is re
quired.

EXAMINATION TESTS AND MEASURES

Flexibility
Most healthy young old adults have ranges of motion within
acceptable limits; the older old are more likely to show
deficits in range that limit functional performance. Thus, ex
ercises for ROM enhancement are more important for those
in the eighth and ninth decades. Regardless of age, ROM
needs to be assessed functionally-during walking, getting
up and down from a chair (preferably one that is lower than
usual, e.g., 16 inches), getting up and down from the floor (if
appropriate), reaching for an object overhead, and reaching
for something on the floor. If specific ranges are needed for
billing purposes, a goniometric measurement can be made
of the joints that were identified as deficient with functional
assessment. For example, even though the majority of older
adults fall each year, many do not have enough knee ROM to
get up off the floor should they come in contact with the
ground.
Personal observations of numerous older adults through
out the years have revealed problem areas that are often gen
der specific. Women are more likely than men to have signif
icant ROM deficits in ankle dorsiflexion, knee flexion, and
shoulder elevation. Men are more likely than women to have
deficits in the hip and trunk. Both men and women are likely
to have major deficits in neck range (severe enough to make
driving an unsafe activity), hip extension, and trunk rotation.
If a young older adult is a candidate for walking, fast
walking, or jogging, two tests of flexibility are strongly rec
ommended. They are the Thomas test for hip flexor tight
ness and a check for dorsiflexion range. More than 60% of
older walking/jogging exercise participants observed by the
author experienced hip or back pain if hip flexor tightness
was greater than 10 degrees. Once the tightness was reduced,
the pain subsided, which suggests a strong relationship be
tween the two. The other possible limitation, dorsiflexion, is
more often seen in women because of a long history of wear
ing high-heeled shoes. Unless dorsiflexion range is at least
zero degrees (neutral), walking for exercise cannot be done
comfortably. A good walking shoe can accommodate for the
10 degrees of dorsiflexion usually required during gait, but
again, neutral ankle dorsiflexion is a minimum.
In the old older adult, ROM deficits may be tied to pos
tural instability. Significant hip flexor tightness, for example,
may result in an anterior pelvic tilt and forward trunk lean,
placing the center of mass farther forward than normal. In
adequate dorsiflexion may place the center of mass behind
the malleoli, thus placing the responsibility for the mainte
nance of balance on the dorsiflexors, which are usually too
weak to handle the demand. ROM deficits that undermine a
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patient's ability to maintain good balance under static and
dynamic conditions must be remediated.

Strength
An imperative component of any physical examination is
strength. An assessment of strength can be made in a multi

tude of ways, all of which have advantages and disadvan
tages: manual muscle testing (MMT), isokinetic testing,
speed of movement, gait, functional testing, hand-held dy
namometry, force transducer tests, and l-RM.
Manual Muscle Testing
MMT has the major disadvantage of only identifying
strength deficits when patients have lost 40% to 50% of pre
existing strength. MMT is difficult in an older adult popula
tion, since some strength loss with aging is normal, but cur
rent methods are too crude to distinguish between
age-associated strength losses and those sQstained secondary
to disuse and disease. MMT by break testing is rather static;
whether patients can use their strength during an activity re
quiring a large arc of motion cannot be discerned with this
mode of testing.
Positive aspects of muscle testing include being able to
obtain specific information about select muscle groups and
getting some insight into functional loss. No other form of
testing provides this data about individual muscles (al
though for healthy older adults, this information is not par
ticularly useful). Selected muscle tests, e.g., rising up onto
the toes to test calf strength, will immediately indicate
whether a patient is likely to have difficulty with heel rise
during gait.
There are three muscle test items recommended for in
clusion in the initial examination. The first, rising up on the
toes 10 to 20 times (one leg at a time), is performed to de
termine strength for the gastrocnemius-soleus group. If a
grade of F + or better cannot be achieved, the utility of a
walking program is limited, i.e., strengthening must be done
to bring patients into the F + or better category. The second
item examined is gluteus medius capability. Patients are
asked to hold onto a chair or wall with one finger and then
slowly lift a foot from the ground. If the pelvis drops, indi
cating gluteus medius weakness, remedial exercises are be
gun. Again, a walking program is not appropriate if the
pelvis drops every time a step is taken. The final muscle test
performed is for hip extension strength. The traditional
prone posture is assumed, and patients are asked to raise the
entire lower extremity against gravity through full ROM.
Those with weakness of the hip extensors tend to walk with
the trunk forward, which often results in back pain.
These muscle test items are offered as suggestions only.
Strength can be determined in other ways that are equally as
effective but cannot provide a "grade;' which may be impor
tant for documentation purposes. For example, lack of heel
rise during gait implicates the calf as being weak, but
whether it falls in the trace, poor, or fair category cannot be
determined by gait observation alone.
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Isokinetic Testing
Isokinetic testing has the disadvantages of being nonfunc
tional and difficult for some older adults to learn. In addi
tion, results are hard to interpret because there are few age
appropriate norms available. For information related to
expected torque ranges for older adults, however, the studies
of Bemben and colleagues are recommended. 3 There are two
advantages to isokinetic testing: (I) being able to determine
movement capability at different speeds and (2) being able
to identify point of fatigue. Older adults often test reason
ably well during a static form of muscle testing but perform
poorly when speeds of 180 or 360 degrees/second are re
quested. Normally, the speed of 300 degrees per second is
used by most persons routinely in daily activities, and if a
patient is incapable of moving that fast, a significant deficit
has been identified. The knee moves at 360 degrees per sec
ond during normal velocity walking; the arm may move at
1200 degrees per second or more to throw a ball. Older men
and women who cannot move quickly are at risk for falling.
Thus, if isokinetic testing reveals inability to perform at
faster speeds, exercise to correct this deficit should be insti
tuted. For example, one patient, age 79 and with a history of
falling, was found to have no protective reactions (arms or
legs) when asked to perform a balance maneuver. Isokinetic
testing revealed a total inability to move the arm of the iso
kinetic equipment faster than 180 degrees per second with
either the upper or lower extremities. Exercises (dance per
the patient's preference) to emphasize control, balance, and
speed were instituted.
Isokinetic dynamometry can be used to identify persons
who fatigue quickly. Protocols vary, but typically, patients are
asked to perform maximum contractions repetitively to look
at the slope of decline after a certain number of contractions
or to maintain a certain proportion of output, e.g., 50% of a
maximum isometric voluntary contraction for about 30 sec
onds. Fatigue protocols are not appropriate for many older
patients, particularly those who are frail. Elders with hyper
tension, joint deformity or pain, and cardiac compromise
should probably not be tested using the protocols described.
Fatigue
Many older men and women complain of muscle fatigue, yet
muscle endurance is rarely tested in this population, primar
ily because tests and measures to routinely assess this ele
ment of performance are not in place. Ignoring muscle fa
tigue is not an acceptable approach, and thus each clinic
should embrace a simple protocol that can be easily repro
duced quickly and reliably. Suggestions for a fatigue protocol
include having the patient lift a small weight with the upper
extremity to a target distance overhead, then recording the
number of times the patient can achieve the target or having
the patient hold a position or weight until he/she is "fa
tigued" and then recording the amount of time that the pa
tient maintained the position or weight. Examples include a
wall sit, a partial chair stand, holding a weighted ankle or
wrist against gravity, and standing.

Speed of Movement
Another aspect of strength that needs to be evaluated is the
speed with which the activity is accomplished. Some older
adults have adequate passive ROM, but the speed with which
they move within that range is unacceptable. Unless the
arms can be raised in time to prevent a fall or the knees can
be moved quickly through normal 70-degree arc of motion
during gait, strength is not adequate. Recognition of pa
tients' willingness to use their strength in a dynamic, func
tional way is important.
Functional Testing
Functional testing is important to perform, especially in the
older old category. Functional testing for the lower extremi
ties may include having the patient get up and down from a
seated position, sometimes from chairs of different heights.
Some investigators advocate repeated bouts (five times) of
rising and sitting. Another functional test is having the pa
tient walk up and down curbs of different heights. Testing
may include curb heights of 4, 6, and 8 inches. Walking de
vices are used if needed, and the level of ability is recorded
appropri~tely as well as any loss of balance during the test
ing. Stair climbing is a third functional test that may be re
quested. Steps should be of normal height and include a
handrail. Ability to negotiate steps, with or without rails or
assistive devices, is noted. If appropriate, getting up and
down from the floor may be included in the testing. Other
options include having the patient pick up an object from
the floor, stoop down into a cupboard, and walk up and
down a ramp. Upper extremity tests may include having the
patient put on a sweatshirt (overhead, no buttons), reach up
into a cupboard, and pick up a weighted object and move it
a short distance.
A physical performance test that puts together nine func
tional items was described by Reuben.40 The advantages of
this approach is that it can be used in a variety of settings,
e.g., home, assisted living, and community, and enables the
examiner to determine performance times that can be con
verted to a score. Thus, improvements in performance, e.g.,
putting on a sweater or picking up a penny from the floor,
can be graded-something a third party payer can under
stand. The physical performance test described by Reuben
and Siu is easy to perform, requires little equipment, and
takes 10 to 15 minutes to complete. 40 Another test, the con
tinuous-scale physical performance test, developed by Cress
and associates, requires approximately 45 minutes to com
plete but provides a fairly comprehensive overview of com
munity capability. This test requires the patient to lift gro
ceries, get in and out of a car, and make a bed, among other
items. I'
The obvious advantage of functional testing is that it
identifies areas of ADL that need remediation. A major dis
advantage is that functional testing is nonspecific; strength
deficits may be obscured by ROM or other problems and
none of the probable strength deficits identified on func
tional testing can be quantified. The experienced therapist
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can usually recognize what is balance, strength, or range lim
ited, but a great deal oflearning and expertise are required to
reach that level of clinical competence.
Hand-Held Dynamometry

Hand-held dynamometry rapidly provides information re
garding the capability of any major muscle group. Another
advantage is that side-to-side differences can be discerned,
and the process of data collection is time efficient. Disad
vantages of dynamometry include the fact that some instru
ments are more reliable than others, the strength of the tester
is vitally important (if the patient is stronger than the thera
pist, the data are useless), and values reflect static strength
only. Still, dynamometry can provide an index of patient ca
pability. For example, if quadriceps strength is less than 50%
of body weight, some compensation or deviation is to be
expected.
Force Transducer Tests
The advantages and disadvantages of using force transducer
are similar to those of using hand-held dynamometer. Dif
ferences between the two are ease of application (positioning
requirements for using a force transducer are cumbersome),
number of muscle groups that can be tested (fewer with
force transducer), and the nature of testing. The strength of
the tester is not a factor when a force transducer is used.
One-Repetition Maximum

A 1-RM test is an accepted, but time-consuming, test to ad
minister. Not all muscle groups can be evaluated this way,
and many persons need to be tested several times before a
true 1-RM is determined. If older adults are very decondi
tioned, the testing sometimes results in alot of muscle sore
ness. Nonetheless, the 1-RM test provides data that may
serve as a useful guide for improvement and can be corre
lated with changes in functional performance as well.
A number of options for strength testing have been pre
sented, all of which have positive and negative aspects about
them. What works best for a clinic will be based on mode of
practice (is the patient base composed of average senior cit
izens or are there master athletes), the space available, ma
chinery available, amount of time that the physical therapist
can devote to the evaluation, amount of data necessary, pa
tient expectation, and need for documentation.

Gait
Gait assessment is useful for all kinds of evaluative purposes,
e.g., strength, ROM, endurance, and balance. Some strength
deficits can be identified on the basis of deviations in the gait
cycle. Lack of heel rise during terminal stance has already
been identified as one indicator of inadequate calf strength.
Other aspects of gait to note include pelvic drop, forward
trunk lean, diminished or absent knee flexion during load
ing, and reduced knee flexion. Pelvic drop in the frontal
plane indicates that muscles stabilizing the pelvis (gluteus
medius, gluteus minimus, tensor fascia latae) are not strong
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enough to meet the demand. Forward trunk lean commonly
indicates inadequate hip extensors. Diminished or absent
knee flexion right after heel strike suggests that the quadri
ceps are not strong enough to absorb the shock of loading,
which requires an F+ or better grade. Finally, reduced knee
flexion during swing may indicate weakness of the gastroc
nemius or hamstrings.
A proper examination of gait also should include an as
sessment of velocity (strength deficits result in reduced gait
speed), stride length, stride width, and variability in stride
characteristics. Diminished stride and so forth may indicate
reduced strength but also may be indicative of balance prob
lems, sensory loss, or cardiovascular compromise.
Gait assessment is quickly performed (10 seconds of the
3D-second initial observation) and reveals an enormous
amount of information. Suspected strength deficits are iden
tified, and follow-up testing on functional items such as ris
ing from a chair or MMT can be performed to confirm in
adequate strength. Gait deficits do not provide much
information regarding deficits in strength.

Balance
Balance testing can be static or dynamic, and both have ad
vantages and disadvantages. Examples of static testing in
clude the stand-on-one-leg test, the sharpened Romberg, the
postural stress test, and the reach test. Dynamic tests include
walking, walking through an obstacle course, and platform
testing.
Static Balance

Standing on one leg with the eyes open (and closed if indi
cated) is an easy test to administer and provides a number
value in less than 1 minute. Care must be taken not to allow
the patient to accommodate by placing the swing leg on the
stance leg, shifting position of the stance leg, or hopping. Sev
eral trials are required to make the patient feel comfortable
with the testing and to ensure reliable data. The ability to
stand on one leg for long periods (30 to 40 seconds) is not
particularly meaningful. However, whether a patient can
stand on one leg for less than 10 seconds is indicative of sig
nificant deficit. In the author's clinic, most of the adults tested
are unable to stand on one leg for more than 1 to 3 seconds.
These values do not mean much in an absolute sense, but
they at least indicate whether the task can be accomplished at
all. Attempting to stand on one leg with the eyes closed will
give some insight as to whether the individual being tested
should be counseled about walking around in the dark (e.g.,
walking to the bathroom along a darkened corridor).
The sharpened Romberg is a popular test of static bal
ance with progressively difficult postures to maintain. The
first segment of the six-part test is to stand with the feet to
gether and with the eyes open for 10 seconds. Grading is
simple: able or not able to complete the requested task. The
second segment requires the patient to stand with the feet
together for 10 seconds but with the eyes closed. The third
component of the test requires standing in the semi-tandem
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position (Fig. 29-1) for 10 seconds with the eyes open. The
fourth component is standing in the semi-tandem position
for 10 seconds with the eyes closed. The fifth and last seg
ments require the patient to stand in the full tandem posi
tion (one foot immediately in front of the other, heel to toe
[see Fig 29-1]), first with the eyes open and then with the
eyes closed. This test is easy to administer, reasonably reli
able, and does not require much time to complete. One
small problem with the test is that no instructions are pro
vided as to how a patient should be graded if the individual
falls while getting into the test position but then passes that
particular segment of the test.
The reach test has been found to be reliable and valid and
is simple to perform. Subjects stand comfortably and reach
forward (not down) as far as they can along a yardstick that is
placed on the wall next to them. Distance reached is recorded.
Reaching distances of less than 10 inches are of concern.
One test of balance that can be included in both the sta
tic and dynamic portions of examination is the Berg test. 4
This 14-item test challenges balance in a progressively more
difficult approach. The easiest item, for example, is to sit
without losing balance. The test progresses through transfers
without loss of balance to actually standing on one leg. Each
task is graded on a 4-point scale, and thus a judgment of the
safety and skill of the patient is provided. The total test is
worth 56 points, and there are cut-offs for performance that
indicate whether a patient is at risk for falling.
Dynamic Balance
Examples of dynamic tests include movable platforms, the
"get-up-and-go" test, walking an imaginary balance beam,
and completing an obstacle course. None of these tests has
norms, but the platform developed by the Nashner group
has been evaluated extensively. The platform, however, is ex
tremely expensive and beyond the means of most clinics. Re
sults apparently provide information that is no more useful
in predicting falling behavior than the simple, no-cost one
legged stance test and functional reach test. The get-up-and
go test requires the patient to rise from a chair and go toward
a destination as quickly as possible. Usually, turns are incor
porated into the protocol. Trials are timed, and difficulties
with performing the test are noted.

Similarities exist between the obstacle course, get-up
and-go test, and the imaginary balance beam. All are timed
trials and challenge the patient to operate within a discrete
base of support. For example, the imaginary balance beam
typically is a dark line painted on the floor. Trials are usually
videotaped, and the number of times a patient misses the
"beam" is noted, as is the amount of time needed to com
plete the trial. Obstacle courses vary in difficulty but usually
incorporate a number of functional tasks. The one used by
the author has three levels of difficulty. The first task requires
the patient to rise from a chair, walk 12 feet, step up a 4-inch
step, turn around, step down the step, return to the chair,
and sit. Practice trials are permitted for safety sake, although
in real life no one gets two chances to prevent a fall. The sec
ond task requires standing from a seated position, walking
forward, stepping over an obstacle (a 2- X 2-foot piece of
wood), ascending a 6-inch step (no rail), turning, and re
peating the process in reverse.
As with the other tests presented so far, what is selected to
incorporate in the clinic will depend on time, money, the na
ture of the clientele, and how much information is needed.
These tools will at least provide a start.

Activities ofDaily Living
Any evaluation of the older adult must include some sort of
ADL assessment. A number of options have been presented
in Chapter 7 and are not elaborated here.
The assessment to be chosen will again depend on the pa
tient and the patient's capabilities. For example, a 93-year
old woman who is barely getting by may be having difficulty
with everything on the test sheet, but a healthy 67-year-old
may simply have trouble taking heavy garbage cans to the
curb. If the ADL assessment does not capture whatever dif
ficulty the patient is experiencing, make a notation in the
record. Identifying the needs of the patient is crucial.

Posture
In many instances, a detailed posture examination is not
indicated. Paying attention to deviations from the norm is
necessary, but this component of the examination can be
taken care of during the initial 30-second sweep or at any
other point in the initial assessment. Items to note are hip
asymmetry; genu valgus or varus; pronated or supinated
feet; excessive lordosis, kyphosis, or scoliosis; and extremes
of pelvic tilt. Postural faults that are likely to result in a
painful condition must be accommodated. Someone with
severe flat and painful feet, for example, is not likely to re
spond to a walking program. Postural faults that are prob
able contributors to balance instability also need to be
addressed.

EXERCISE PRESCRIPTION
The information gathered during the examination needs to
be integrated by evaluation into a total picture from which
an exercise plan will evolve. Successful exercise planning
takes into account all the subtle and not-so-subtle changes
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that have occurred with aging, the patient's goals, chronic
diseases (if present), physical capabilities, and painful condi
tions and is based on a common-sense approach. The fol
lowing case histories are presented to illustrate these ideas.
Four patients are presented, one for each of the seventh,
eighth, ninth, and tenth decades of life. These men and
women were chosen to illustrate the differences in approach
to the oldest old and to demonstrate that age is not always
indicative of capability.

Case Studies
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painful knees, excess weight, marginal strength, and lack of
desire to do this type of exercise. Instead, a home cycle pro
gram was chosen because the patient had a bike, and he was
interested in pursuing this form of activity.
A very modest program was begun and consisted of bik
ing at 100 W for 15 minutes. Over time the patient pro
gressed steadily, and program modifications were instituted
once a month. He is currently cycling for 1 hour using 150
W protocol for 10 minutes as a warm up, a 300-W intensity
for training, and a IS-minute cool-down at 100-W. The ex
ercise cycle is in front of the television, and the patient barely
notices that 1 hour has passed. Mr. P performs his exercise
regularly; he is very proud of himself and his ability to get
from place to place without difficulty.

Mr.P
Mr. P is 67 years old,S feet, 10 inches, and weighs 267
pounds. He is very sedentary. Physical examination revealed
a forward head posture, 30 degrees of hip flexor tightness
(Thomas test), bilateral iliotibial band tightness with knee
pain, probable knee arthritis bilaterally, and grade 3 flat feet.
His gait was slow (48 m/min) with a foot flat approach at
heel strike, no toe-off, and a bilateral pelvic drop during
stance. Muscle testing revealed good strength throughout,
with exception of plantar flexors (F+) and abdominals (P).
Because the patient weighed so much, he had difficulty get
ting out of chairs and up stairs. This man was very awkward,
giving the impression of someone with little sense of body
awareness. Although Mr. P had had a nonremarkable stress
test before coming in for evaluation, he was asked to walk on
a treadmill so that heart rate (HR) and blood pressure (BP)
responses could be determined. The patient walked on the
treadmill for 5 minutes (until fatigue) at a speed of 3.0 mph
with no incline. HR increased to 134 bpm, which was esti
mated to be about 90% of his Vozmax. Systolic BP rose to
more than 200 mm Hg during the 3.0-mph test.
Mr. P came into the clinic for an exercise program at the
behest of his wife, who had been urging him for months to
"do something:' His expectation was that a walking program
would be prescribed, and he was not enthusiastic at the
prospect. This patient was rather unenthusiastic about the
prospect of exercise, particularly walking, but he was aware
of his need for activity. The week before the evaluation he
had experienced extreme difficulty getting out of the seat of
a theater, and this provided some motivation to seek care.
The patient and therapist agreed on the following: for the
first 2 to 3 months he would park in the lot farthest from the
facility (2/10 mile) and walk in at a slightly faster-than-usual
pace. Mr. P would participate 3 times per week in a flexibil
ity and strengthening program aimed particularly at the
trunk and lower extremities. Orthotics and good shoes
would be obtained to accommodate for his flat feet and to
decrease strain on the knees. The walking and exercise plan
was designed to provide some cardiovascular stimulation
and improved strength and ROM, respectively. At the end of
3 months, lower extremity strength and flexibility were ade
quate for the next phase of training. Walking for more than
a short distance really was not indicated for Mr. P, given his

Mrs.M
Mrs. M is 75 years old, 5 feet, 4 inches, and weighs 96
pounds. She is sedentary but is engaged all day long manag
ing her own linen business. Her 105-year-old mother is in a
nursing home because of osteoporosis and frailty. Mrs. M
smokes 1 pack of cigarettes a day and has mild hypertension.
She is cleared for exercise by her physician but is allowed a
maximum heart rate of 110 bpm as long as her diastolic
blood pressure does not rise beyond 90 mm Hg. Physical
evaluation reveals a mild kyphosis but no other postural
faults. Strength and range are good, and there are no gait or
balance deficits. She was able to perform all ADL without
difficulty. Mrs. M has a treadmill at home that she would like
to use.
Treadmill walking was performed during the testing ses
sion to determine HR and BP responses. Treadmill speed
was 2.0 mph initially and was increased by 0.5 mph every 2
minutes until an HR of 110 bpm was reached. Blood pres
sure was within acceptable limits. A walking program of 2.5
mph at a 2% incline for 20 minutes a day was begun. Within
6 weeks the patient could walk at 3.0 mph at a 2% incline
with the same HR and BP response. Ultimately, the amount
of treadmill time was increased so that the patient was walk
ing 40 minutes a day. It should be noted that proper
footwear was procured before the walking program began.
Four months into the program, Mrs. M broke her toe
(unrelated to exercise), which did not heal for months be
cause of her low bone density and possibly her smoking.
Once healing occurred, she resumed her walking program
but needed to start over from the beginning. In addition, 10
flights of stairs per day were added to provide loading
through the long bones in an attempt to promote bone
growth. Exercise seems to have checked the mild hyperten
sion, and the patient is now allowed a higher exercise inten
sity (125 bpm). Mrs. M exercises daily, but whether the pro
gram has affected bone density is unknown.

Mrs.B
Mrs. B is 83 years old and regards herself as a "typical" octo
genarian. She lives with her husband in an apartment, is
busy with her social activities, accomplishes all ADL inde
pendently, and drives her car approximately 2000 miles per
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year. A 30-second observation revealed a kyphotic woman
who walked slowly with a wide-base, with no arm support,
clutching her purse, and looking down at the floor. Further
examination revealed a woman with reaction times slower
than those required for safely driving a car in the commu
nity, compromised balance, poor cardiovascular and muscu
lar endurance, barely adequate strength, and upper extrem
ity limitations in range. Although «independent" in the
community, it became apparent that if Mrs. B had a lun
cheon engagement, it took her the entire morning to bathe
and dress for the occasion. Although she shopped for gro"
ceries, she had the check-out clerks take the groceries to the
car and the apartment doorman to bring the groceries into
her apartment. Frequently, she had groceries delivered by a
local store that caters to older patients. She ambulated only
in familiar areas as she knew where all the walls, hand-holds,
and chairs were, and she could ambulate safely within the
learned environment. She did not go out at night or during
periods of higher traffic. Physical activity consisted of play
ing cards with friends and neighbors.
Physical therapist examination revealed a score of 40/56
on the Berg test for balance, a 7 l h-inch functional reach,
strength scores suggesting F+ throughout, inability to move
the isokinetic machine arm faster than 1800 /s, 120 degrees of
shoulder flexion, 45 degrees of shoulder external rotation, a
48 M/min gait speed, 220 feet covered with the 6-minute
walk (estimated Vo2peak is approximately 13 mlOikg/min),
reaction times of 550 ms (normal for young adult is approx
imately 160 ms), non-existent balance reactions, inability to
turn and maintain balance, and impaired lower extremity
sensation. The patient and physical therapist determined
that her initial exercise program should be performed on an
outpatient basis so that supervision could be provided, par
ticularly during balance activities. Her exercises consisted of
activities on a mat that required numerous position changes,
included prone lying; exercises to encourage proximal muscle
involvement, e.g., straight leg raise; standing and sitting bal
ancing; activities to promote increased speed of reaction, e.g.,
playing catch with a sponge ball; and walking. Once Mrs. B
developed better body handling skills and muscle "tone:' she
progressed to a modest program of weight training.

Mr.C
This remarkable 90-year-old moved to St. Louis from Mon
tana, where he had maintained a horse ranch for the last 50
years. Reasons for the move from a rural to urban setting in
cluded death of his spouse and a fall from his horse. E:n:valu
ation revealed a robust -appearing man with no apparent de
viations from the norm upon observation of chair rise, gait,
hand-shaking, and placing his coat on a rack. History was
extraordinary in that he did not smoke or drink, had always
engaged in rigorous activity, had no history of cardiovascu
lar disease, did not require glasses or hearing aid, had no de
pendency in ADL or IADL, and could drive at night. Exam
ination revealed a man with far better than average strength,
adequate ROM with the exception of his hamstrings, and

better than average cardiovascular endurance. His problems
were poor balance and suspected spinal stenosis with pain
and tingling into his right lower extremity. His exercise pro
gram consisted of working at home (his request) on activi
ties to challenge his balance, such as standing at the counter
and attempting to shift balance from one side to the other,
standing on one leg, rocking back and forth from heel to toe,
and placing one toe in front and then shifting the leg to a po
sition behind him, all while holding his balance as well as
possible without holding on. A modified Tai Chi program
was begun, and exercises to increase hamstring length were
also instituted. Prone lying on the floor was strongly sug
gested, and exercises to eliminate hip flexor tightness were
also begun. Ultimately he progressed to a modest prone
press-up. Standing exercises were done barefoot instead of in
cowboy boots, his usual footwear. Goals included better bal
ance as evidence by a higher score on the Berg test, ability to
negotiate an obstacle course safely in 15 seconds, a 4/6 on the
Romberg test, normalization of wide-based gait and stagger
ing, and reduced or eliminated back and leg pain.

SUMMARY
The well elderly present a rewarding therapeutic opportu
nity for physical therapists. They are extremely challenging
because they are so diverse in their abilities. Exercise pre
scription for this population taxes the ingenuity of a physi
cal therapist as no other group of patients. The potential for
change is substantial, maybe more so than the change that
may occur secondary to rehabilitation. Our ability to affect
the well-being of the older adult population is enormous.
Exercise should be available for all seniors to prevent deteri
oration and to keep adults maximally capable, thereby elim
inating the need for dependence on others. Physical thera
pists have the skill and knowledge to provide healthy older
adults the best care possible.
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difficult. It is actually easier to list who the geriatric athlete is
not. The average well elderly person is not discussed here.
The care of former athletes also is not reviewed unless these
athletes are still actively engaged in regular physical activity.
Thus, there are three indistinct groups that make up this
population of older athlete. Although there may be an over
lap of problems, these groups have some apparent differ
ences that influence their need for rehabilitation services.
Each group is dealt with in turn.
The first group consists of former competitive athletes
who have continued to exercise, e.g., the football or field
hockey team player who is now conditioning on a more in
dividual basis, using running, swimming, or cycling. (As
previously mentioned, former competitive athletes who no
longer exercise are not discussed in this chapter.) The
group being discussed encompasses life-long athletes who
trained intensively for a period in their lives and currently
mayor may not be training at a relative intensity that is
comparable with their earlier training levels. A wide variety
of sports and training intensities are included in this
group; however, these athletes share some similarities that
necessitate this categorization. Virtually all the athletes
who played team sports as competitive performers and
who are still exercising are training at some other sport. For
this group, previous injury plays a large role in potential
problems in old age.
The second group is composed of life-long recreational
athletes. Again, these athletes are involved in quite a spec
trum of activities and training intensities. Most, however, are
lifetime sports people. They play tennis or squash; they run
or cycle. They may even participate in several different activ
ities, but their involvement has been primarily in one sport
or group of sports. This population may have a dispropor
tionate amount of the overuse type of injury. For these indi
viduals, athletic activity is as much a part of their routine as
dressing or eating meals. They are reluctant to stop partici
pating in an activity, even in the face of significant pain or
dysfunction.
The final group is made up of the nonathlete who began
to exercise late in life (arbitrarily, after age 40). This is a

OUTLINE

INTRODUCTION
Individuals are living longer and staying physically active
into old age. Moreover, the fitness craze of the 1970s and
1980s included persons who came to athletics later in life,
Continued or new exercise affects an aging musculoskeletal
system in many ways, not all of them positiveY·19,36 Cer
tainly, the demand for sports rehabilitation services for the
geriatric patient will increase along with the population and
activity levels.
This chapter defines the geriatric athlete and describes
typical musculoskeletal and cardiovascular characteristics
found in these individuals. Common musculoskeletal prob
lems are discussed, and the impact of aerobic conditioning
on rehabilitation is addressed. The role of comorbidity also
is considered. Designing exercise programs for the well el
derly individual who is beginning an exercise program or
cardiovascular conditioning is not discussed. Practical con
siderations such as personnel, equipment, and marketing are
considered. Finally, case studies are used to illustrate the in
terrelationship among the variables that affect treatment of
the older athlete.

DEFINING THE POPULATION
Who is the geriatric athlete? Unless the population can be
defined, identification of problems and potential solutions is
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smaller group but a significant one. These individuals pre
sent a unique set of problems related directly to beginning
physical activity at an older age and indirectly to their rea
sons for beginning to exercise. In many instances, exercise
has been prescribed (dictated) by a change in health status.
Common examples of this type of individual may include
the patient who has experienced coronary symptoms (or
may be a prime candidate for them) that are the direct result
of a number of controllable risk factors including improper
diet (obesity) and lack of exercise. In many cases, the physi
cian has prescribed a progressive walking program as a be
ginning or introduction to exercise. The fact that a person's
walking program was begun as a result of a heart attack does
not protect him/her from musculoskeletal injury, but it may
interfere with motivation for recovery.
The three groups described may differ in the quality of
their exercise. Most older athletes are involved in racquet
sports, running, walking, and low-impact sports such as
golf and bowling. All of these sports can be played in a
highly competitive manner against an opponent, a score, or
a time. 27 Competitive athletes can be found in any of the
three categories of older athlete previously described. Mas
ters athletes are those who are 40 or older. Competitive am
ateur Masters events have been established for years, e.g.,
swimming, weight lifting, road running, and track and field.
Professionally, the "Senior" golf tour and Masters races for
runners are the most high profile events. There was even an
attempt to begin a "Senior" baseball league using profes
sional baseball's spring training sites. The trend in popula
tion growth toward a larger number of elderly dictates that
the number of events and competitors will continue to
increase.
All older athletes, regardless of the category in which they
fall, have experienced some generic age-related changes.
Older athletes are generally less flexible 22 ,27,33,39 and have
smaller muscle masses/ 6 lower aerobic capacities,17,32 and
less well-tuned thermoregulatory mechanisms38 than they
did at a younger age. They are likely to have osteoarthritis of
the weight-bearing joints. These age-related changes affect
training, injury, and treatment of the older athlete and must
be considered when designing their rehabilitation program.

MUSCULOSKELETAL PROBLEMS
The older athlete, as the younger athlete, incurs acute or
traumatic injury and overuse injury.27 Unlike the younger
athlete, however, these injuries are superimposed on an ag
ing musculoskeletal system, and recovery may take longer.
Prevention, therefore, takes on a much more important role
in this population. Proper equipment selection and use, e.g.,
shoes, racquet, and stretching and training techniques must
be encouraged to avoid such problems.

Acute, Traumatic Injury
Acute musculoskeletal trauma is different in the older ath
lete than in the younger athlete. Since most older athletes no
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longer participate in collision sports, major contusions, frac
tures, and multiple ligament trauma rarely occur. However,
when ligamentous sprains and muscle tears occur, these in
juries can be devastating to the older athlete.
Detraining or deconditioning occurs as a result of lack of
exercise and takes much less time than training for persons
of all ages. The rest required after ligamentous injury or
muscle tear can mean the end of athletic activity for an older
athlete because of this detraining effect. Fractures, when they
occur, are often pathological: osteoporosis and cancer are the
most common causes. Fortunately, weight-bearing activity
may serve a protective function for women in the case of
bone loss and associated fractures, although the intensity
and frequency of exercise necessary to achieve this effect are
subject to conflicting information. 2

Overuse Injury
Most serious athletes suffer from injuries that fall into the
overuse category; older athletes are no exception. For the
purposes of this chapter, overuse injuries will be opera
tionally defined as those injuries resulting from training but
not attributable to a single traumatic event. Older athletes
may actually be more prone to this type of injury than
younger athletes. 27 Several factors may contribute to this
predisposition. First, older athletes are less flexible than
younger athletes. 27,33,39 Second, most have at least some
arthritic changes in weight-bearing joints. IS Third, muscle
mass is reduced. 16 Muscle soreness is common, especially at
the beginning of an exercise program or when new types of
exercise are added to an existing program. This should not
be a concern to the therapist. Muscle soreness is attributed to
microscopic injury to muscle and connective tissue, which is
a necessary prerequisite to muscle strengthening. A certain
amount of soreness is expected. Delayed onset muscle sore
ness (DOMS) occurs in this population as well as in younger
populations and occurs 24 to 48 hours after exercise. Rest
from exercise (a day off or exercise of uninvolved muscles)
and, in some cases, the use of ice and aspirin or some other
anti-inflammatory medication will take care of the problem
and the athlete will be ready to exercise again the next day.
Eccentric exercise appears to be the biggest culprit for
DOMS.I,3,35 Prolonged muscle soreness (significant pain that
lasts longer than 48 hours after exercise) should be evalu
ated. This could indicate muscle or tendon injury that may
be the result of overtraining either by frequency, duration, or
intensity.
Joint pain and associated effusion also are common in
this population. Joint pain as a single symptom should be at
tended to when it occurs without an associated change in the
type or intensity of the exercise or if sharp pain occurs. Oth
erwise, transient joint pain should be watched and managed
symptomatically. If joint effusion or other signs of inflam
mation occur (redness, warmth), the joint should be thor
oughly evaluated because it may be indicative of a more se
vere underlying problem such as arthritis, infection,
fracture, or tumor.
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Part Five

PROGRAMS FOR PARTICULAR POPULATIONS

Pain with specific movements or pain that occurs after
certain activities that is not «joint pain" or DOMS can oc
cur. These types of injuries are more like the "overuse" in
juries that occur in younger athletes. They usually can be at
tributed to a specific set of circumstances or to structural
abnormalities. For example, the athlete with medial knee
pain may in fact have tendinitis of the pes anserine region.
Other examples may include pain in the subacromial region
as a result of impingement of the suprahumeral space, or
plantar fasciitis, which may indicate a need for orthotic fab
rication. The injuries of older athletes are approached in a
similar manner to the problems in younger athletes. In our
experience, older athletes respond well to treatment, but
healing takes longer and may result in more residual dys
function.

Arthritis and the Athlete
Articular degeneration is a process that occurs over time.
Characterized by joint space narrowing, articular degenera
tion can be accompanied by swelling, stiffness, and muscle
weakness. Inevitably, pain and decreased function result
from joint degeneration. The prevalence of osteoarthritis in
lower extremities is high in older athletes, especially in the
hip and kneeY·37
In general, treatment of osteoarthritis of the lower ex
tremities should focus on patient education in functional ac
tivities, with emphasis on activities that minimize compres
sion and sheer (so-called joint-sparing techniques) to avoid
a progression of impairments. Exercise programs to main
tain strength and range of motion are supported strongly in
the literature. Exercise programs can decrease pain with
functional activities, but the long-term effectiveness is some
what unclear. Exercises should focus on those that minimize
weight bearing, e.g., stationary cycling.
Degenerative arthritis of the hip is quite common in the
elderly. Groin pain and hip muscle weakness are the primary
problems. Patients typically have a Trendelenburg gait. Ath
letes with symptomatic degenerative arthritis of the hip
must avoid weight-bearing athletic activities. Swimming, cy
cling, and other joint-sparing activities can allow the athlete
to participate for a relatively long period of time. Continued
progression of the degenerative joint disease, however, often
results in the need for hip arthroplasty. Total hip arthro
plasty is being performed in younger individuals, and the
longevity of the prosthesis itself is increasing. Return to ath
letic activity takes about 6 months after total hip arthro
plasty. This return also depends on maintenance of cardio
vascular conditioning during the recovery time.
There are many new orthopedic procedures for treatment
of degenerative arthritis of the knee. 29 Focal articular carti
lage defects can be treated surgically in many ways. Drilling
and micro-fracture techniques allow the defect to fill in with
fibrocartilage. The theoretical evidence for healing (6
months to 1 year in some cases before cartilage has maxi
mally healed) supports mitigation of weight bearing after
these procedures for at least 3 months. Clinically, this is im

practicaL Generally, weight bearing is limited for the first 3
to 4 weeks, and joint-sparing activities are emphasized
throughout the revolt patient phase.
Two new experimental techniques are being used to facil
itate the healing of articular cartilage defects with normal
hyaline cartilage, as opposed to fibrocartilage. 29 Autologous
chondrocyte transplantation into cartilage defects and os
teochondral allograft transplantation (OATS), in which car
tilage is taken from a non-weight-bearing surface and trans
planted into the articular cartilage defect, both demonstrate
some preliminary evidence for effectiveness. 29 Patients who
undergo these techniques are restricted from weight -bearing
activities for at least 3 months. Return to weight-bearing
athletic activity is not recommended.
Patients with focal articular cartilage defects or other
types of unicompartmental arthritis can benefit from a rel
atively new type of functional bracing. 18,24,28 Braces that un
load the medial or lateral compartments of the knee have
been used throughout the past 10 years and have been
studied extensively. This type of brace is designed to un
load the affected compartment and to redistribute the load
to the more normal or less-involved compartment. Signifi
cant pain relief in functional improvement has been
demonstrated with the use of these braces. 18,24
Progressive unicompartmental degeneration usually re
sults in the need for high tibial osteotomy. High tibial os
teotomy also can be used to allow individuals to return to
a high level of activity. Severe joint degeneration is usually
managed with total knee arthroplasty. Patients who have
had total knee arthroplasty, unlike those with a total hip
arthroplasty, are not encouraged to return to weight-bear
ing athletic activities. Technological advancement in this
area of orthopedic surgery is exponential, and expecta
tions for return to athletic activity is high in the near fu
ture.

The Older Shoulder
A lifetime of weightlifting, overhead activities such as base
ball and tennis, or participation in collision sports such as
football in early adulthood often results in a plethora of
problems with the shoulder in older athletes. The most
common problems are impingement, partial to full rotator
cuff tears, and degenerative acromioclavicular joint prob
lems. In all of these cases the patients usually have a gradual
onset of shoulder pain that crescendos and ultimately re
sults in a visit to a physician and then to a physical therapist
in an attempt to delay or prevent surgical intervention.
These cases are managed differently depending on the pa
tient's activity, pain, and functional goals.
Non-operative management of impingement includes en
suring that the patient has full, pain-free range of motion.
Subacromial impingement syndrome in this population usu
ally is a result of some sort of subacromial spurring and may
involve rotator cuff tendinitis.4,5 Patients have symptoms of
pain with shoulder motion above the horizontal. The primary
problem is a lack of joint space. Physical therapy interven
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tion should be directed at pain management. Joint mobi
lization can help alleviate the symptoms. In many of these
cases the primary pain results from the accompanying rota
tor cuff tendinitis and/or rotator cuff tear.25 The supraspina
tus muscle is always involved in these cases. Dynamic re
training of the rotator cuff muscles to provide for better
humeral head depression during elevation can be very effec
tive in helping patients return to full activity. Reviewing
training techniques can be critical to prevent further deteri
oration of the existing problems. Modifications to limit or
restrict some overhead activity, especially in weight training,
should be encouraged. Narrower hand spacing, the use of an
underhand grip, and avoidance of any behind-the-neck lifts
are the primary modifications to weightlifting for this pop
ulation of patients. 12
Non-operative management of degenerative acromiocla
vicular joint disease is limited by the state of the degenerative
process. These injuries are usually the result of years of
weightlifting as part of the athlete's training regimen, com
bined with overhead athletic activities. The administration of
nonsteroidal anti-inflammatory drugs, modification of activ
ity, and mobilization of the acromioclavicular joint can pro
vide some reduction in symptoms. The use of electrothera
peutic modalities and ice also may help to control global
pain. Minimizing repetitive weightlifting trauma is impor
tant in this population. Common recommendations for
weightlifting modification include no lifting above nipple
height and the use of a wide grip for all lifts. Quite often, cor
ticosteroid injections and eventually surgery are inevitable in
these patients to allow for their return to athletic activity.

Prevention
Injury prevention has always been an integral part of sports
physical therapy. Because even a minor injury can lead to the
end of an older athlete's sports participation, prevention is
extraordinarily important for the older athlete. There is no
substitute for an adequate warm-up before exercise. Athletes
who have always avoided this aspect of training find it essen
tial as they age. The best warm-up for a specific activity is 10
minutes or so oflow-intensity engagement in that activity. If
tennis is the activity, then the players should begin by hitting
balls across the net, slowly at first and then with increased ve
locity and movement. If running is the activity, the runner
should begin the first mile at an easy jog and gradually pick
up speed. This rule is easily generalized to other sports.
Warm-up is often confused with stretching. Although
stretching may be a component of the warm-up for some
athletes, stretching can be as much of a problem as it can
help. Improper or inconsistent stretching techniques, e.g.,
ballistic, can cause muscle strains and soreness. Stretching is
often a prelude to activity. Although it may not be harmful,
stretching a cold muscle is not a sensible idea. As a rule of
thumb, athletes who have always stretched before exercise
should not be discouraged from doing so. It is suggested,
however, that other athletes engage in more global activities
to warm the muscles before stretching or, even better, to in
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corporate stretching into their cool-down routine. It seems
logical to suggest stretching as a remedy for the flexibility
changes that occur with aging. 22 However, the reason for the
loss of flexibility with aging may be less a result of soft tissue
tightness and more a result of joint changes. Some changes
include joint surface deterioration, breakdown of the colla
gen fibers, and a decrease in the viscosity of synovial fluid. In
these cases, stretching may not be particularly helpful.
The authors strongly endorse the philosophy of "If it ain't
broke, don't fix it" in sports rehabilitation. Others have sug
gested that abnormal physical findings such as increased Q
angle, "tight hamstrings;' and excessive pronation should be
treated, even in asymptomatic individuals. The authors also
do not advocate preventive orthotic fittings or other types of
interventions to prevent injury or interfering with an ath
lete's training regimen just because it might cause problems.
Studies that have investigated predisposing factors for
overuse injury have been remarkably unsuccessful in estab
lishing a relationship between measurable variables, e.g.,
rear foot abnormalities, muscle strength, and training regi
mens, and predisposition to injury.23
CARDIOVASCULAR FUNCTION AND
LIMITS TO PERFORMANCE
Longitudinal studies of cardiovascular fitness show a decline
with increasing age. Physically active individuals, however,
demonstrate less of a decline than sedentary individuals
(Fig. 30_1).10,30 Conventional wisdom about aerobic fitness
and age is shattered almost weekly; the true limits to perfor
mance in the older athlete are largely unknown. Masters and
age-group distance running, cycling, and swimming records
are lowered at a staggering rate.4 The Masters marathon
record was shattered in 1990 when John Campbell (as a
newly minted 40-year-old) finished among the top five run
ners of all age-groups in the Boston Marathon, running a
2:11:04. Although the ability to do work diminishes with in
creasing age, the limits are constantly being challenged.

COMORBIDITY
Systemic disease, degenerative disease, and previous injury
can have a tremendous impact on athletic performance in
the older adult and likely will influence the choice of activ
ity. Systemic diseases whose incidence increases with age in
clude cardiovascular disease and diabetes. Exercise has been
shown to have a generally positive effect on these dis
eases. 9 ,14,20,21 The therapist needs to be aware of the kinds of
screening necessitated by the presence of systemic disease.
For example, adults with diabetes should be carefullyexam
ined for signs of foot problems related to diminished pe
ripheral sensation secondary to degeneration of myelin and
a compromised vascular system due to arteriosclerosis.
Other factors associated with diabetes mellitus include coro
nary complications, kidney failure, blindness, cataracts, and
muscle weakness. Degenerative disease, most notably os
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teo arthritis, occurs in most older individuals. 8 However, the
relationship of exercise to osteoarthritis is equivocal. Al
though athletes may have roentgenographic evidence of os~
teoarthritis, careful physical examination is essential before
the osteoarthritis can be incriminated as the cause of exer~
cise~related symptoms. Very often, the presence of os
teoarthritis is sufficient for a physician or rehabilitation pro
fessional to attribute activity-related pain to arthritis, when
in fact it may be merely coincidence that the patient's com
plaint is in the general area of a joint with osteoarthritis. De~
generative disc disease also can be a problem in the older
athlete, but again, radiographic evidence is not sufficient to
ascribe symptoms to its presence. Care should be taken to
carefully evaluate other possible causes of pain, such as hy
pomobility, inflammation, and overuse.

PROGRAMMATIC CONSIDERATIONS
When the question, "What do we know about athletic injuries
in the older population?" is asked, the answer is "Not much."
Much of the literature is anecdotal. Few epidemiological stud
ies have been conducted. From the literature about sedentary
individuals who are beginning low- to moderate-level exer
cise, it can be concluded that injury rarely occurs. This, how
ever, does not necessarily generalize to the older athlete.
Therefore the next section of this chapter focuses on recom
mendations to rehabilitation professionals who would like to
treat the older athlete regarding personnel and facilities.

Personnel
The authors, in their collective 30 years of practice of physi
cal therapy and athletic training, have treated many older
athletes for musculoskeletal problems associated with exer

cise. Once injuries occur, regardless of their incidence in the
general population or other factors, the patient needs to be
treated. Many aspects of treatment of the younger athlete
can be generalized to the older athlete. However, the differ
ences inherent in an aging musculoskeletal system and other
problems of aging are unique. Some of the changes affecting
the skeletal system include deterioration of joint surfaces;
breakdown of collagen fibers; and a decrease in the viscosity
of synovial fluid, which can result in a loss of flexibility and
an increase in joint stiffness. Changes affecting the muscular
system include a decrease in the size, number, and type of
muscle fibers. Individual motor units lose fibers, which re
sults in a decrease in the force-generating ability of that
muscle. There is an effective loss of type II fibers, which re
sults in a higher percentage of type I fibers. Although this
change in percentage may increase the muscle's ability to
sustain performance during endurance activities, it may
limit the muscle's ability to generate strength and power.
Muscles experience a decrease in respiratory capacity and an
increase in fat and connective tissues. The rehabilitation pro
fessional who expects to treat the older athlete must have ex
perience and a good working knowledge of the mechanisms
of athletic injuries. The ideal individual would have first
hand experience with caring for athletes before, during, and
after athletic participation and know both the physical and
psychological demands sports place on the participant. This
medical care provider should be versed in a diversity of ar
eas, including anatomy, cardiovascular and muscle physiol
ogy, nutrition, biomechanics and kinesiology, physical train
ing, flexibility and conditioning programs, protectivel
preventive taping and/or bracing, and rehabilitation. Under
standing age-related physiological changes and their ramifi
cations relating to physical exercise is vital to the patient's

safe and successful return to partiCipation and, in some
cases, competition. Knowledge of pathological changes and
their effects on the ability to participate in athletic activities
is critical in the design and implementation of a rehab ilita
tion program for the o'lder athle!e.

Facility
Typical sports or orthopedic outpatien! facilities require lit
tle change to allow for intervention with the older athlete.
Traditional agents and electrotherapeutic modalities, e.g.,
ice, electrical stimulation, ultrasound, and moist heat, are
commonly used in the treatment of the older athlete. Exer
cise equipment used to treat this population may require
some mod ifications, such as the availability of lighter
weights for exercise and slower velocities for instrumented
treadmills. Electromechanical devices-which permit isoki
netic, isotonic, and isometric exercise and passive motion
exercise capabilities-and hydrotherapy also are helpful in
the treatment of the older athlete.
Hydrotherapy is being used more frequently for large
joint exercise and rehabilitation of ath,leiic injuries involving
all populations of athletes. Smaller exercise tanks have al
lowed many facilities without room for a therap eutic pool to
incorporate much of pool therapy into a smaller area of
prac tice. Its application is especially important when treat
ing the older athlete since it reduces the weight-bearing ef
fects imposed on joint surfaces. T he use of th is modality also
allows the athlete to continue to train and maintain cardio
vascular fit ness while decreasing the amount of stress to pre
existing injuries. The facility should allow fo r the treatment
of different aged athletes together. Interaction among ath
letes of various ages and spo rts is helpful to recovery from a
motivationall aspect For this reason, a large open exercise
area is preferable to small, enclosed booths or cubicles. Al
though some privacy is lost, the effect of the interactio n with
other injured athletes is invaluable.

Case Studies
Case 1
A 54-year-old left-handed college professor was referred to
the clinic with right shoulder pain that was interfering with
his exercise program. He had been a regular participant in an
exercise program at th faculty fitness center for the past 5
years. His routine included aerobic exercise on a treadmill or
stair climber that was unaffected by his pain and weightlift
ing. He had some articular degeneration evident on x-ray.
He had been taking nonsteroidal anti-inflammatory medica
tion for 2 weeks and noticed a marked improvement. His
goal was to return to his weight-training program. He had
decreased passive range of motion in glenohumeral abduc
tion, flexion, and external rotation. His right external rota
tion strength was 50% of that of the left as measured isoki
netically at 120 degrees/second. Otherwise, strength was
equal in both extremities. All im pingement test results were

-~

FIG. 30-2
Inferior and posterior glides of the glenohumeral joint
can be used to improve range of motion.

positive on the right side. 31 He was tender to palpation of the
tendon of the long head of the biceps, the supraspinatus ten
do n just proximal to its insertion, and the posterior joint
capsule. Posterior and inferior glides of the glenohumeral
joint were restricted. J 1 Posterior glide was painful, and infe
rior glide reduced his symptoms. The therapists' hypothesis
was that inflammation of the tendons and/or bursa in the
suprahumeral space resu lted in an imp ingement of these
structures, causing pain during movement. The joint range
of motion restriction and weakness resulted from the patient
splinting and not using the arm fully. The inflam m ation was
being managed medically, and there had been an overall im
provement since the patient began to take medication. The
intervention addressed the decreased range of motion and
strength of the external rotators. Treatment consisted of ul
trasound (1.0 W/cm 2 ) to the posterior capsule, followed by
inferior and posterior glides of the glenohumeral joint (Fig.
30-2). Stretching using various techniques, including con
tract-relax, was incorporated. Transverse friction massage
was applied to the bicipital and supraspinatus tendons. Pro
gressive resistive exercises included the use of dumbbells,
Theraband, and proprioceptive neuromuscular facilitation
techniques for strengthening. T he patient was advised to im
mediately return to those aspects of his athletic program
that did not provoke pain in the right shoulder. H was
treated twice a week for 4 weeks. The therapists observed his
upper eA"tremity weightlifting technique and made some
suggestions to alter his mechanics (correcting his technique)
to minimize his shoulder pain. 12 The patient was encouraged
to eliminate incline and m ilitary bench press because these
two exercises resulted in the most pain. His range of motion
and strength returned to normal. He grad ually res limed an
his premorbid exercise activities, was weaned fro m the anti
inflammatory med ication, and was discharged.

Case 2
A 73-year-old man was referred to the clinic with increasing

left foot pain that was exacerbated by his running. The patient
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stated that he experienced excruciating pain along the bottom
of his foot when he stepped out of bed in the morning that
gradually got better over the first hour he was awake. How
ever, after his daily 6-mile run, his pain was much worse. His
goal was to resume his running program. He was tender to
deep palpation along the plantar surfaces of both feet.
Non-weight-bearing examination of his foot position showed
normal rear foot and forefoot alignment bilaterally. However,
in standing on the left foot as well as on videotaped walking
and running sessions on a treadmill, the midtarsal joint ap
peared to collapse during single-limb support. Accessory mo
tion testing of the talonavicular joints revealed hypermobility
bilaterally; calcaneocuboid joints had normal mobility.3! An
kle range of motion did not appear to be affected. Toe flexor
strength was decreased sligh.tly on the left. The therapists' hy
pothesis was that midtarsal joint hypermobility was causing a
severe plantar fasciitis on the left and a mild case on the right
foot. The patient was fitted with orthoses for use during all ac
tivities, including running. Other intervention included toe
flexion exercises for strengthening and ultrasound to the plan
tar surfaces of both feet. He stopped running until the or
thoses were fabricated. After 2 weeks, he was running 3 miles
per day without discomfort. He was treated twice a week for 6
weeks, at which time he had stopped wearing the orthoses for
all activities, except running. At the time of discharge, he was
again running 6 miles per day.

FIG. 30-3 Combination of neuromuscular electrical stimulation
(NMES) and isokinetic exercise to improve the strength of the
quadriceps.

Case 3
A 65-year-old female golfer and cross-country skier tore her
anterior cruciate ligament during her first downhill skiing
experience 2 weeks before her referral to the clinic. She reg
ularly played gollf (3 or 4 times per week from March
through October) before her injury, and her major goal was
to resume her golf schedule. She had a positive Lachman's
test on the right, with no end point. 3! She also had a positive
lateral pivot shift.3! Both test results were consistent with an
te rior cruciate instability. All other test results were negative.
She complained that her knee would give out during level
walking. Peak isometric torque of the right quadriceps was
60% of that of the left. Range of motion was 0 to 135 de
grees, which was comparable with her left knee. Th e thera
pists' hypothesis was that strengthening her quadriceps
would help to decrease the instability during walking and
that she would be able to return to golfing. She was treated
with weight-bearing and non-weight-bearing progressive
resistive exercise, as well as neuromuscular electrical stimu
lation (NM ES ) to her quadriceps (Fig. 30-3).34 Although her
right quadriceps strength increased to 90% of that of the left,
she still had episodes of giving way during walking. She was
fitted with a functional brace and began to golf. On her sec
ond day of returning to golf, she heard a "pop" at the end of
her swing, felt a sharp pain in her knee, and could not
straighten it out. She had torn her right medial meniscus and
subsequently underwent a partial meniscectomy and a re
construction of her anterior cruciate ligament. Rehabilita
tion began ill the second postoperative week with passive
range of motion, weight-bearing quadriceps exercises in-

eluding walking, limited-arc squats, stationary cycling, and
NrvlES. 26 After 3 months, she was back to all daily activities
and had resumed playi ng golf weari.ng a brace.

Case 4
A 58-year-old female race walker was referred to the clinic
wi th back pain. She had a 4-month history of left-side low
back pain with radiation into @
ne left buttod: and thigh. Be
fore that time, she was a recreational race walker. She re
ported that "when it gets really bad," the pain extended to
her knee. She had been treated at another clinic, where she
received traction in the prone posi tion and so me joint mo
bilization treatm ent directed at her sacroiliac join t. At the
beginning of the examination, she had only sEght discom
fort in the left side of her back at about the L4 level. Poste
rior postural evaluation revealed no obvious asymmetry: n o
lateral deviations or pelvic asymmetry were noted. When she
was asked to forward bend, she moved easily and symmetri
cally into flexion with normal sacroiliac mobility and excur
sion. However, most of her for wal·d bending OCCUlTed in the
upper back, as her lumbar spine remained quite fixed. Her
movement into extension in standing was restric ted but not
painful. Repeated flexion in standing caused her back pain to
begin to rad iate into her left buttock. Repeated extension did
not worsen or lessen these symptoms. Because her symp
toms were exacerbated with t1exion in standing, n o supin e
flexion tests were performed. Prone extension was restricted
but again had no effect on her symptoms. Passive range of
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FIG.30-4 Progession of exercise from prone back extension (A) to
flexion in sitting (8 ).

motion of the lumbar spine was examined in standing and
side lying. She had very little motion into either flexion or
extension as measured with inclinometers.I'1 Passive inter
vertebral mo tion testing revealed significant restriction at
both the L3- 4 and L4-5 levels. T h pat'i ent described a
"stretching pain" d uring these tests that was unlike her typi
cal symptoms and did not persist a6ter the test. The results of
neurological examination of the lower extremities were neg
ative. T he therapists' hypothesis was that the patient's symp
toms were consistent with extension principle, II which ap
peared to be resolv ing. Pragmatically, the th el"' pists believed
tha t her problem could be treated symptomatically and that
the mob ility prob lems should be directly addressed using
joint mobilization. The patient was t reated wi th exercise in
cluding prone lying, prone back extension, and eventually
back flexion with the patient sitting (Fig. 30-4). I nterverte
bral anterior glides and rotational mob ilization techniques
also were used. After 1 month, she began to walk at a slow
speed on a treadmill. She gradually increased her speed to a
comfortab le race-walking pace on the treadmill. After 3
months her lumbar spine range of m ot ion and in terverte
bral motion had improved. She was nearly pain free in all ac
tivities, and she had returned to race walking on the
road/track without difficulty. As the patient's goal of pain
free activities of daily living (including race walking) was
met, she was discharged .

Case S
A 57-year-old World Class Masters discus thrower injured
his right throwing shoulder while competing. He had com-

--------.

FIG. 30-5 Discus thrower described in Case 5 after recovery.

plained of a gradua.l onset of shoulder pain that increased
over a few weeks until he was unable to continue throwing.
He presented to the clinic with complaints of pa in, weak
ness, and limited function with overhead activities. T he pa
tient reported having x-ray studies that demonstrated a
hooked acromion."
The initial examination revealed lim ited right shoulder
active range of motion with a pa inful arc in flexion ;1nd ab
duction. Internal rotation was limited to 50 degrees pas
sively. His posterior capsule was tender to palpation, and he
had a decreased posterior glide. Manual muscle testing was
painful and rated as a 4-/5 for both the supraspinatus and
infraspinatus muscles. The results of special tests for im
pingement were positive. 4
This patient began a shoulder rehabilitation progtram that
included posterior and inferior glides and stretching of his
shoulder muscles to increase range of motion. He also started
an isolated rotator -c uff strengthening program by restricting
his scapula as he performed external rotation with the shoul
der abducted between 20 to 30 degrees. He was instruct d to
modify his weight training to limit his overhead activitie .12
His physician prescribed a non-steroidal anti-inflammatory
drugs to manage the inflammation (Fig. 30-5).
The patient was treated during ix visits. His pain level
decreased significantly, and he has returned to training fo r
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his Master's level competition with only minimal complaints
of soreness.

SUMMARY
Older athletes who are injured present a unique set of cir
cumstances to the rehabilitation professional. In spite of
their age, they are athletes, and athletic participation is an
important part of their lives. Physical therapists need to re
spect this importance and still understand the constraints
imposed on athletic participation by injury to musculoskele
tal and cardiovascular systems. This requires knowledge, pa
tience, diplomacy, and a healthy respect for the patients' de
sires to return to activity.
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CHAPTER

3 1

ER PERSONS
·MENTAL DIS

OUTLINE

mental changes that alter the functional abilities through
out the life span. The purpose of this chapter is to discuss the
role of the physical tberapist in providing intervention ser
vices to an elderly person witb a developmental disability.
Covered specifically aretbe legislative mandates and philo
sophical underpinnings of providing services to this popula
tion, tbe unique aspects of aging in selected disability cate
gories, tbe services rendered by the physical therapist, and
the facilities where services may be provided.

DEMOGRAPHICS
Programs designed to serve the general aging population de
fine "old" as 60 years or older. In the developmental disabil
ities service system, a person with a developmental disability
older than age 50 is considered to be "old." This discrepancy
is due to the fact that most individuals with a developmen
tal disability have a shorter life expectancy and because of
tbe unproved assumption that individuals with develop
mental disabilities age more rapidly than does tbe general
population.24 As the general population ofAmericans age, so
do individuals with developmental disabilities. It is antici
pated tbat throughout the next 20 to 30 years, tbe number of
individuals witb developmental disabilities considered "old"
(older tban age 50) will make up approximately 1% of all
persons considered "0Id."24
In tbe population of older adults with developmental dis
abilities, women tend to outlive men by about 3 to l.24 Sur
viving cohorts of women who are mentally retarded are
more often mildly or moderately retarded, whereas men
tend to be severely retarded. The ratio of older men to
women with cerebral palsy, however, tends to be higher than
tbat found in the general population of individuals with de
velopmental disabilities. Also, there exists an interaction be
tween gender, age, degree of retardation, and longevity.16
Women witb milder disabilities, such as mild mental retar
dation, tend to live longer.

INTRODUCTION
The population of individuals older than 65 years is close
to 13%.2 Included in this group are individuals with a de
velopmental disability who up to a few years ago would
not be expected to live to the age of 65 years, much less be
yond that. 16 Physical therapists are integral members of
the team that serves individuals with developmental dis
abilities and will be expected to contribute to their care as
they get older. A developmental disability is defined as a
condition that occurs before age 22; continues indefi
nitely; is a substantial obstacle to the ability to function;
and results in a functional limitation in three or more of
the following: self-care, receptive or expressive language,
learning, mobility, self-direction (or motivation), capacity
for independent living, or economic self-sufficiency.? This
defmition includes individuals with mental retardation,
cerebral palsy, Down syndrome, autism, and a host of other
conditions that encompass a wide range of physical and
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Whereas the majority of the general geriatric population
live alone or with a spouse, the majority of older adults with a
developmental disability live in varied types of community res
idences. 27 Although the number of individuals living in state
institutions has dropped significantly during the last 25 years,
few older individuals with a developmental disability live at
home. Estimates ofpersons with developmental disabilities liv
ing in their natural homes range from 2% to 31%. Of those liv
ing at home, they are often cared for by elderly parents. 16 It is
likely, however, that most individuals with a developmental
disability live in community-based residential facilities.
Community-based residential facilities are designed as
home-like living environments that combine supervision
and care with support of a family or group setting. There are
four basic types of community-based residential facilities:
L Intermediate care facilities (ICFs): These provide the
most intensive group home setting for individuals with
health problems, multiple disabilities, or very limited
daily living skills. No more than eight individuals reside
together in this type of setting.
2. Community residencies (CRs): These are group home set
tings for individuals with moderate abilities to care for
themselves. Individuals whose primary disability is mod
erate mental retardation or autism often reside in these
facilities. Up to 12 adults may live together in a CR.
3. Supportive residencies: These are for individuals with a
significant level of independence. These facilities are of
ten apartments and usually consists of two to three
"roommates." Monitoring by a supervisor is done weekly
or as needed.
4. Family care homes: These are for individuals of all de
grees of disability. An individual resides with a family
who has been trained and licensed to care for individu
als with a developmental disability.
In addition to these community-based residencies, el
derly individuals with a developmental disability may reside
in skilled nursing facilities, nursing homes, or private resi
dential facilities for persons with developmental disabilities.

THE DEVELOPMENTAL DISABILITIES
SERVICE SYSTEM
The system of services for the general population of older
Americans, funded primarily through federal monies, is de
fined as an age-based service system, i.e., the age of the indi
vidual determines eligibility for service. The services are de
signed focusing on the needs of the group of older citizens.
In contrast, the service system for older adults with a devel
opmental disability is considered to be needs-based and pro
vides individualized, specialized services. Provisions for age
specialized models of service exist within this system, which
is primarily state funded. The current focus of service provi
sion is to bridge these two service delivery systems-one
based on age and the other on need-and to encourage col
laboration and joint planning between the systems to ensure
that an individual's needs are best met in the most efficient
community-based manner as possible. This contemporary

model of service provision has evolved from the "normaliza
tion " movement of the 1960s. 35 This movement was
grounded in the belief that individuals would develop opti
mally if they were integrated into society and afforded the
same experiences as those without disabilities.
The community-based model of care operationalized the
normalization philosophy. By the mid-1970s states began to
develop community-based residential and treatment pro
grams. Individuals who had the opportunity to take advantage
of these programs were more functional and independent
than their counterparts in institutions.6 Thus, the movement
toward deinstitutionalization took hold, and by 1991 a na
tionwide movement took place to close all state-supported
residential facilities and develop community-integrated living
and vocational and leisure programming. During the last 2
decades, specific federal legislation has been passed that sup
ports the community-based model of care and provides sys
tems to increase the likelihood that adults and older persons
with a developmental disability will become integral members
of the community. The major pieces of legislation that affect
service provision to older men and women with a develop
mental disability are outlined in Box 31-L

Older American Act Amendments (OAA) 1987
• Mandated that older persons with developmental disabilities be
served under the act's provisions
Mandated that the Administration on Aging (AOA) collaborate
with the developmental disability service system to design and
implement appropriate services
• OAA programs were opened to elders with developmental dis
abilities

Developmental Disabilities Assistance and Bill ofRights
Act (1987)
• Extended the provisions of the Deveiopm-ental Disabilities Ser
vices and Facilities Construction Act of 1970
Identified service delivery models to accommodate growth in
population and need for trained professionals
• Promoted community-based residential services

Americans with Disabilities Act (ADA) (1990)
• Provisions include access to and participation in senior citizen
centers, day care sites, and social service centers for individuals
with developmental disabilities

The Domestic Volunteer Service Act (1975)
Authorized senior companions to assist adults with develop
mental disabilities

Omnibw Budget Reconciliation Act (1981)
• Before admission to a nursing home, a screening must be per
formed for every person with a developmental disability
• Annual review of every person with a developmental disability
who resides in a nursing facility
Persons with developmental disabilities who are found to be in
appropriately placed in a nursing home must be discharged
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UNIQUE ASPECTS OF AGING IN
SPECIFIC DISABILITIES
As indicated previously, a developmental disability is a chronic
condition that occurs before adulthood and significantly af
fects functional activities. The three most common develop
mental disabilities seen by physical therapists are mental re
tardation, cerebral palsy, and Down syndrome. Until recently
little research documenting the changes seen in individuals
with these disabilities had been conducted nor had the med
ical community felt the need to conduct such research since
up to approximately 20 years ago, few individuals with dis
abilities lived beyond middle age. Longevity for individuals
with Down syndrome and those with cerebral palsy is in
creasing. With increasing longevity, there has been a concomi
tant interest in the aging process for these individuals.

Down Syndrome
Age-related changes in the behavior of individuals with
Down syndrome have been documented. 6,22,29 The age of on
set of the decline and underlying reasons for this premature
decline have yet to be determined. However, there is a grow
ing body of literature that discusses two possibilities for this
decline: Alzheimer's disease 21,26 and depression. 32

;

-

Alzheimer's Disease
Although the exact incidence of Alzheimer's disease in indi
viduals with Down syndrome is unknown, an estimated
40% to 450/0 of these individuals between 50 to 70 years of
age will develop Alzheimer's disease. This incidence is three
to five times greater than in the general population.20 Fur
thermore, the age of onset is much earlier in those with
Down syndrome (age 35 to 45 years) than seen in the gen
eral population. 25 Current research suggests a causative link
between the excess material in chromosome 21 and
apoliprotein production and deposition-the neuropatho
logical finding seen in individuals with Alzheimer's who are
not developmentally disabled.
Early symptoms of Alzheimer's disease in older adults
with Down syndrome are similar to those in the general
population: loss of memory and logical thinking, dimin
ished abilities to perform activities of daily living, changes in
gait and coordination, and loss of bowel and bladder con
trol. Individuals with Down syndrome also develop seizure
activity, a symptom not common in the general population.
It is recommended that individuals with Down syndrome
receive psychological testing annually starting at age 30 to
determine and monitor loss of skills, Because of the known
cognitive impairments of individuals with Down syndrome,
declines in activities of daily living skills may be a better in
dicator of Alzheimer's disease than memory and cognitive
loss.22 A checklist has been developed that can be used reli
ably to identify early signs of Alzheimer's dementia in adults
with Down syndrome,34 Other tools, such as the Adaptive
Behavior Scale,ll the Client Development Evaluation Re
port,4 and the Vineland Adaptive Behavior Scales,30 also have
been used to identify functional decline in individuals with
Down syndrome.
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Depression
There is indication that some individuals with Down syn
drome are erroneously diagnosed as having Alzheimer's dis
ease when, in fact, they are depressed. 32 Since depression is a
treatable condition and Alzheimer's is only manageable at
this time, distinguishing between the two is important for
care-giving purposes. The prevalence of depression in indi
viduals with Down syndrome is between 6% to 12%.32 In ad
dition to Alzheimer's, symptoms associated with other con
ditions such as hypothyroidism and hearing loss mask the
identification of depression in individuals with Down syn
drome. Although severely depressed individuals also show a
loss of adaptive skills, the pattern of loss tends to be up and
down rather than a continuous decline as seen in dementia.
Also, individuals with depression respond positively to inter
vention and will regain skills that were once thought to have
been lost. In addition to changes noted in adaptive skills, it is
important to document changes in affective behaviors such
as sadness; crying; increases in self-injurious, assaultive, or
aggressive behaviors; and somatic complaints. 32

Cerebral Palsy
Little information exists on how the aging process affects
persons with cerebral palsy, and there is no reason to suspect
that cerebral palsy alters the genetically driven process of ag
ing. Life expectancy for individuals with cerebral palsy has
not been studied extensively. Of the studies conducted in the
1990s, data indicate that individuals with cerebral palsy who
lack mobility, are severely or profoundly mentally retarded,
and cannot feed themselves have a decreased life ex
pectancy.to However, the chronic physical impairments and
conditions associated with cerebral palsy may affect the on
set or severity of age-related changes. Box 31-2 lists the con
ditions that individuals with cerebral palsy identified as con
cerns during the National Invitational Colloquium on Aging
and Cerebral Palsy held in 1993. During this colloquium, the
participants also noted as concerns a decline in functioning
in older adults and lack of access to appropriate health care
services, including physical therapy. As indicated in the box,
many complications seen in adults with cerebral palsy are re-

Musculoskeletal deformities
Pain syndrome
Cervical spine stenosis
Deconditioning
Change in skills
Falls
Osteoporosis
Fractures
Pressure sores
Emotional issues

478

Part Five

PROGRAMS FOR PARTICULAR POPULATIONS

lated to musculoskeletal changes. These impairments include
contractures, scoliosis, hip subluxation or dislocation, and
pathological fractures that can lead to pain (a problem not
noted in young children with cerebral palsy), all contributing
to a loss of independent living skills. 33 Postural pain (back or
cervical) has been associated with inadequate wheelchair fit
ting and repair status in adults with cerebral palsy.23
In addition to the physical stressors listed in Box 31-2,
there also are social and psychological stresses that may be
evident earlier in life than what is seen in the general popu
lation due to the multiple disabilities seen in individuals
with cerebral palsy. These include decreased opportunities
for age-appropriate leisure and social activities, feelings of
isolation, and depression.

EXAMINATION AND EVALUATION
A key role of the physical therapist working with this popula
tion is to comprehensively examine the patient because a
comprehensive examination forms the basis for clinical deci
sion making. The components of a comprehensive examina
tion are described in the following text and listed in Box 31-3.

History
Documenting pertinent history of the patient's health and be
havioral changes can help the therapist make decisions on the
appropriateness of specific therapeutic strategies. In addition
to the patient's developmental disability, confounding prob
lems such as congestive heart disease, hypertension, or dia
betes also may be present. These comorbidities could influ
ence recommendations or treatment strategies. It is likely that
individuals with developmental disabilities, especially cere
bral palsy, will have a history ofsurgical intervention. As mul-

tiple surgical procedures may lead to scarring and deformity,
it is essential to document the time frame of when the surgery
occurred and how it has affected the person over time. Med
ications for treatment of conditions directly related to the de
velopmental disability and those related to additional condi
tions should be thoroughly documented. Long-term use of
anti-convulsive medications may lead to physical findings
such as ataxia and tardive dyskinesia. l Also, behavioral
changes may be related to medication use. Most individuals
with a developmental disability will have had many years of
various therapeutic interventions, and summarizing those in
terventions and their effects will prove invaluable for treat
ment planning. Documenting the use and effects of additional
interventions, such as occupational therapy, special instruc
tion, and therapeutic recreation that the client participates in,
will assist in designing comprehensive programming that is
collaborative with other disciplines and is not redundant.

Behavioral Response
Individuals with a developmental disability, especially those
with severe profound mental retardation, autism, or emo
tional disturbance, may demonstrate behavioral characteris
tics that can interfere with functional use of motor skills.
Documentation of the person's response to interactions and
performance demands during the examination will assist
with designing appropriate treatment plans. Documenting
behavior also will help differentiate between behavioral
characteristics that are consistent with the individual's de
velopmental diagnosis and with those that are consistent
with aging or other disabilities or medical conditions, such
as depression. Documentation of antecedents to a behav
ioral outburst or change in behavior will assist the team in
designing appropriate interaction plans and behavioral sup
port strategies. Also, the therapist should document the
method used by the individual, e.g., verbal, gestures, or sign
language, to communicate needs.

Neuromusculoskeletal Status
History
Medical
Surgical
Therapeutic
Intervention
Medications
Cognition
Behavioral response
Neuromuscular status
Flexibility
Strength
Muscle tone
Posture
Endurance
Functional skills
Balance
Gait
Activities of daily living
Use of assistive technology

Traditional tests of neuromusculoskeletal status, such as
manual muscle tests and goniometry, may not provide the
information needed to make functionally orientated habili
tation plans. The physical therapist should judge through
observation the client's degree of flexibility, strength, and bal
ance within activities that are functional for the individual. It
is likely that the client may have long-term limitations in
range of motion and decreased strength that he/she has
learned to compensate for and do not contribute to his/her
functional limitations. Additionally, the therapist must be
aware of the individual's interests and activity level to de
termine whether an impairment results in functionallimi
tation. For example, a person with mental retardation who
swims on a regular basis may consider a decrease in shoul
der range of motion a significant limitation over a person
who does not swim. This same approach should be taken
when examining endurance and muscle strength. Assess
ment of strength and endurance should be performed
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within the context of functional activities that are meaning
ful to the individual, are age-appropriate, and are consistent
with the client's desired outcomes. Table 31-1 outlines a va
riety of tools that are used to evaluate functional status of an
individual with a disability and are discussed in depth below.
One ·of these tools, the Functional Outcome Assessment
Grid (FOAG),5 also incorporates the assessment of neuro
muscular components in the performance of specific func
tional activities.

Motor Function and Functional Activities
Motor function skills are those that underlie activities that
the individual does or would like to do on a regular basis and
are meaningful to both the client and care-givers. These
skills are evident in examining mobility within the home
and community and activities of daily living (ADL). The in
fluence of gait patterns and balance on mobility also are
components of motor function. Historically, elderly individ
uals with developmental disabilities were administered de
velopmental motor assessments that determined the devel
opmental age level of their skill performance.
As most clients will have documented delays in the ac
quisition of motc;n skills, it is inappropriate to test an adult
with measures used to determine developmental skill level.
It is, however, important to document skills that have been
linked to functional activities and ADL (basic and instru
menta!), mobility, and recreation. In addition to the tools
discussed in Chapter 7,13,14,18,19 (Katz Index of Activities of
Daily Living, Functional Independence Measure, Older
American Resources and Services, the Philadelphia Geri
atric Center Multilevel Assessment Instrument), elderly in
dividuals with developmental disabilities can be assessed
on the dimensions contained on the Pediatric Evaluation of
Disability Inventory, The Scales of Independent Behavior,
and the FOAG.
Pediatric Evaluation of Disability Inventory
The Pediatric Evaluation of Disability Inventory (PEDI) is a
standardized, norm-referenced inventory that can be ad

479

ministered by care-giver report, structured interview with a
care-giver, or through professional observation of a client's
behavior. IS The PEDI is divided into two scales. The Func
tional Skill Scale has three sub tests: self-care, mobility, and
social function. Environmental modification and amount
of care-giver assistance is systematically recorded in the
Modification Scale and Caregiver Assistance Scale. Al
though standardized on children from 6 months old to 7
years, 6 months old, the items on the PEDI can be adminis
tered to older individuals to describe patterns of strengths
and needs to assist with program planning. The Modifica
tion Scale and the Caregiver Assistance Scale also provide
valuable information for program planning and document
ing benefits from intervention aimed at decreasing the bur
den of care for an individual.
Scales of Independent Behavior
The Scales of Independent Behavior (SIB) measures func
tional independence and adaptive functioning in the school,
home, and employment and community settings. 3 It has
.been specifically designed to be used with children, adults,
and the elderly population. The SIB is a norm-referenced
test that has been standardized on individuals aged 3 months
to 90 years and older. The full scale is divided into 14 sub
scales, which are organized into four clusters: motor skills,
social interaction and communication, personal living skills,
and community living skills. Of particular interest to the
geriatric population are items related not only personal care
but also domestic skills, such as homemaking and commu
nity orientation. The design of the SIB also allows compari
son of an individual's functional independence with cogni
tive status. A Screening Form and a Problem Behavior Scale
are also available.
Functional Outcome Assessment Grid
The FOAG is based on the top-down model of assessing
function. s Using the desired outcome as the starting point,
the therapist determines barriers to the accomplishment
of the task and strengths that will assist the client in

TABLE 31-1

ASSESSMENT TOOLS
TOOL

AUTHOR

PURPOSE

SOURCE

Functional Outcome
Grid (FOAG)

Campbell, P*

To determine factors that limit or support the
acquisition of specific skills

Pediatric Evaluation
of Disability
Inventory (PEDI)

Haley, S,
Coster, W,
Ludlow, L,
Haltiwarger,
Andrellas, P*
Bruininks, R,
Woodcock, R,
Watherman, R,
Hill, B*

To determine functional capabilities and
performance, monitor progress, and evaluate
therapeutic or rehabilitative program
outcome

Allegheny University of the Health Services
Broad and Vine Streets
Philadelphia, PA 19102
PED! Research Group
Department of Rehabilitative Medicine
New England Medical Center Hospital
751750 Washington St.
Boston, MA 02111-1901
Riverside Publishing Co.
8420 Bryn Mawr Ave.
Chicago, IL 60603

Scales of Independent
Behavior (SIB)

'See References 3,5,15 at the end of the chapter.

To measure functional independence and
adaptive functioning across settings
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accomplishing the task. Using this model, the purpose of
the FOAG is to assist the team in developing and imple
menting functional outcomes. The FOAG is individual
ized, based on team consensus of desired outcomes for the
client. Although there are six functional outcome areas
that can be assessed, each area can be assessed indepen
dently. The six areas-caring for self, communication,
learning and problem solving, mobility, play, and leisure
are associated with four disability categories: physical, sen
sory, special health care needs, and other. The patient is
observed attempting the desired outcome, and the thera
pist rates components skills, such as muscle tone, strength,
and flexibility, on a five-point scale from no problem to
significant problem that affects or prevents skill perfor
mance. Program plans are then designed that bypass ob
stacles, promote strengths, and/or improve deficits.
Gait, Balance, and Locomotion
In addition to using specific assessment tools, documenting
the gait pattern of the client is important. Individuals with
developmental disabilities, especially those with cerebral
palsy, have well-documented gait deviations and neuromus
cular impairments. Gait assessment should document those
impairments but more importantly determine the functional
limitation imposed by the gait deviations. It is preferred that
a gait assessment be performed in various natural settings
and over a variety of terrains to determine the impact of the
gait characteristics on the ability of a person to maneuver
functionally. As noted in the elderly population without de
velopmental disabilities, the client may show a decrease in
speed of ambulation and an increase in energy expenditure as
he/she ages. 31 Increased energy expenditure may be more
pronounced in individuals with postural deviations. 12
Balance also should be assessed. Again, traditional bal
ance tools used with younger individuals with developmen
tal disabilities, such as the ability to walk a balance beam or
stand on one foot, may not be the most appropriate meth
ods to determine balance in the context of function. Mainte
nance of balance within functional activities, such as indi
viduals maneuvering in their own environments during
routine activities, may be more helpful for program plan
ning. The Functional Reach Measures or the Progressive Mo
bility Skills Assessment Task,l1 as discussed in Chapter 18,
may be appropriate for some individuals. Although these
measures have not been validated on individuals with devel
opmental disabilities, their use may provide additional clin
ical information to assist with decision making.
Assistive Technology
Many individuals with developmental disabilities use as
sistive technology. Assistive technology consists of simple
adaptive equipment devices, such as adaptive spoons, to
very complex computer-driven communication systems.
The use of assistive technology may increase for adults
with developmental disabilities as they become older. As
seen in elders without developmental disabilities, the use

of mobility devices will increase. This is especially true for
the use of wheelchairs for individuals with cerebral palsy. A
thorough assessment of the fit and appropriateness of a
wheelchair or ambulatory device should be part of a com
prehensive examination. The assessment of the use of assis
tive technology should be performed within the environ
ment that it is to be used. Assessing the devices also will
require assessment of the environment to determine
whether it is conducive for the size, shape, and weight of the
device. Before a person is placed in a community residential
facility, the physical therapist may be asked, as part of the
team, to assess the environment to ensure appropriateness
for an individual's needs.
The evaluation of an older adult with a developmental
disability must be comprehensive and meaningful to the
person's activity level and living situation and must be indi
vidualized to meet specific needs. The therapist must con
sider the client's impairments, functional limitations, skill
acquisition, environment, and desired functional outcomes
in planning the evaluation strategies and procedures. Func
tionally based examinations are clinically usefuL
PROGRAM PLANNING AND
IMPLEMENT ION

Habilitation vs. Rehabilitation
Older adults with developmental disabilities generally neces
sitate habilitation programs. Habilitation, as distinguished
from rehabilitation, refers to services that assist an individ
ual in gaining skills and abilities. 2s Rehabilitation attempts to
restore skills that have been lost due to injury or medical
condition.21 Habilitation is required by law, under Medicaid
regulations, and financed by Title 19 of the Social Security
Act. Habilitation services for the older adult are generally
provided by an interdisciplinary team. The Individualized
Habilitation Plan (IHP) is the document tllat records the
outcomes and goals and programmatic strategies decided by
the team to be necessary for the client to attain or maintain
an optimal level of independence. .
The interdisciplinary team is the team approach that is
most commonly used with older persons with developmen
tal disabilitiesP The team consists of various profession
als-e.g., occupational therapists, medical doctors, speech
language pathologists, nurses, psychologists, nutritionists,
special education teachers, and social workers-who inde
pendently evaluate the individual and then meet together
and share their findings with each other and the individual.
Based on this information and the desired outcomes of the
patient and/or care-givers, the team formulates a compre
hensive plan that will best meet the needs of that individuaL
The role of the physical therapist on the team is deter
mined by the needs of the client and the priority outcomes
established on the IHP. The therapist may be a direct
provider of service, a consultant to other team members, or
a monitor of programs carried out by direct care providers.
Although individuals have long-term disabilities, the role of
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direct provider of physical therapy may be intermittent. The
level of intensity will be related to the prioritized outcomes
of the IHP or the need for services after an acute illness or
injury. More often, the therapist may be an indirect provider
of service. As a monitor of services, the therapist establishes
functional goals that are consistent with the outcomes prior
itized on the IHP and trains other individuals (usually direct
care providers) in a specific program aimed at achieving
goals. The therapist creates a data collection system for the
person implementing the program and monitors the client's
progress at an appropriate frequency. Figs. 31-1 and 31-2 are
examples of simple data collection systems designed for in
dividuals living in an intermediate-care facility. The data col
lection system must be very simple to increase the likelihood
that it will be completed by the staff. Also, the staff carrying
out the program implementation must be trained and su
pervised. Monitoring of the program data collection and in
termittent retraining must be performed on a regular basis
with adaptations to the program as necessary.
The role of consultant requires the therapist to respond to
specific requests of the client, care-givers, or program staff.
Unlike monitoring services, the therapist providing consul
tation is not directly responsible for the outcomes of the in
dividual client.9 The therapist is responsible for providing to
the consultee information that is helpful to assist the client
in meeting the outcomes. Dunn and Campbell describe
three types of consultation.9 Case consultation focuses on the
needs of an individual client. The therapist, for example,

may provide a care-giver suggestions on how to involve a
client with cerebral palsy in leisure activities. Colleague con
sultation targets the needs of other service providers. Dis
cussing with direct care-givers proper body mechanics to
prevent back injury when transferring a patient would be an
example of colleague consultation. The purpose of system
consultation is to effect system change, with the focus being
on the service delivery system rather than a specific client.
In-service training, program development, or evaluation are
examples of system consultation.
Regardless of the role the physical therapist takes in im
plementing the therapeutic program, an appropriate docu
mentation system must be established. Documentation is
important and should meet the needs of those involved in
the program, third party payers, and the service system
(developmental disabilities or aging). If the therapist is act
ing as a direct service provider, progress and the response
to treatment should be documented at each visit. The plan
for future treatment also should be included. If service is
being provided on an indirect basis, a system for docu
mentation must be created for those implementing the
program (see Figs. 31-1 and 31-2). As indicated previously,
this documentation should provide an objective measure
ment of the individual's progress, and the system must be
clear and concise so that it is not burdensome to the care
givers. Therapists also must follow the regulations of the
Medicaid and Medicare systems (see Chapter 26). Unfortu
nately, this may require duplication of documentation in

Goal: Tom will ambulate with his walker from the living room to his bedroom
in 5 minutes.
Date
Record
time in
minutes
Initial

211
10

212
10

213
9

214
10

215
9

216
8

2(1
9

218
8

219
8

2110
8

Questions/concerns - please call E. Becker, PT, MS 202-555-7121

FIG. 31-1 Data collection system for Tom Charles, a 77-year-old man with mild-moderate mental retar
dation and decreased endurance due to acute emphysema.

Goal: Chris will transfer from a chair into his walker independently.
Date
Assistance
needed to
steady the
chair YIN
Assistance
needed at
the arms to
pull up YIN

211

212

2/3

214

2/5

216

Y

Y

Y

Y

Y

N

Y

iN

Y

N

N

N

2rl

218

2/9

2110

Initial
Questions/concerns - please call C. Mcintyre, OPT, 508-555-4425

FIG.31-2
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Data collection system for Chris Allen, a 59-year-old with moderate spastic diplegia.

482

Part Five

PROGRAMS FOR PARTICULAR POPULATIONS

various formats to meet the requirements of the various
regulatory systems.

Resources
Since the challenge of providing services to this population .
is an emerging area of service delivery, it may be helpful to
consult current journals in geriatrics and developmental dis
abilities. Periodicals such as Mental Retardation, American
Journal ofMental Retardation, and Journal of the Association
for Persons with Severe Handicaps may be helpful. Also, the
Administration on Developmental Disabilities has funded
selected University Affiliated Programs to develop training
and service programs specifically for older persons with de
velopmental disabilities. These programs offer multimedia
information and are available to train service providers in
providing appropriate care to elders with developmental dis
abilities (Box 31-4).

• University Affiliated Program for Developmental Disabilities, Uni
versity of Arkansas, James 1. Dennis Development Center, 1612
Maryland, Little Rock, AR 72202, (SOl) 569-3184.

• Mailman Center for Child Development, University of Miami,
School of Medicine, P.O. Box 016820, D-820, Miami, FL 33101,
(305) 547-6635.
• Institute for Study of Developmental Disabilities, Indiana Univer
sity, 2853 E. 10th St., Bloomington, IN 47408-2601, (812) 855
6508.
Eunice Shriver Center, 200 Trapelo Road, Waltham, MA 02115,
(617) 734-7509.
Institute for Human Development, Univeristy of Missouri-Kansas
City, 22200 Holmes St., Third Floor, Kansas City, MO 64108,
(816) 235-1770.
Strong Center for Developmental Disabilities, University of
Rochester Medical Center, 601 Elmwood Ave., Rochester, NY
14642, (716) 275-2986.
North Dakota Center for Developmental Disabilities, Minot State
University, 500 University Ave. W, Minot, ND 58071, (701) 857
3580.

Case Studies
Case 1
Zachary is a 67-year-old man with mild-moderate mental
retardation and cerebral palsy of the spastic diplegic type.
He is able to communicate verbally. He lives in an interme
diate-care facility and attends a day treatment program. As
a child, he walked with crutches and long leg braces. He had
hamstring lengthenings and heelcord lengthenings at age 10
years and again when he was 14 years old. As he got older,

he continued to walk with crutches but without the braces.
By the time Zachary reached 60 years old, his gait had
slowed considerably and he was encouraged to use a wheel
chair by the staff at his day treatment program. A manual
wheelchair was purchased for Zachary when he was 62 years
old. By 67, Zachary had gained 17 pounds and his wheel
chair needed to be replaced. The range of motion in
Zachary's legs had become more limited, making even
stand-pivot transfers difficult.
Planning and implementing a program appropriate for
Zachary involved a comprehensive examination as previ
ously described. Through an interview with Zachary and his
care-givers, it was found that Zachary was somewhat de
pressed regarding his inability to walk. He also was found to
have an interest in improving his ability to manage transfers
to and from the toilet independently. The care-givers stated
that Zachary enjoyed swimming and was independent in the
shallow water at the pool.
The information gained from the informal interview was
enhanced by the structured interview of the PED!. This data
coupled with the information gained from the neuromuscu
lar assessment allowed the therapist to create appropriate
goals and a realistic plan that involved the desires of Zachary
and his care-givers.
Independence in stand-pivot transfers was one goal. To
achieve that goal, the therapist instructed Zachary's care
givers on performing transfers with the client and encourag
ing greater assistance from Zachary. The plan involved hav
ing Zachary practice this transfer each time he needed to use
the bathroom. To create a program that was more likely to
help Zachary reach his goals, the staff at the day treatment
program also received training and agreed to follow the plan
as designed. The therapist monitored progress weekly for 1
month and then monthly for another 2 months to ensure
progression toward the goal. Additionally, building on
Zachary's interest in swimming, the team designed a swim
ming program that would (1) promote cardiovascular fit
ness and weight loss and (2) improve lower extremity
strength. Both of these goals would assist him in reaching his
stand-pivot goal as well. Activities included swimming laps
and practicing standing and walking in the water. The recre
ational therapist monitored the program monthly with an
agreement to contact the physical therapist with any ques
tions or concerns.
In collaboration with the social worker and physician, a
new, appropriate wheelchair was prescribed and obtained
for Zachary. Zachary and his care-givers were consulted to
ensure that the chair was functional for him and would be
easily transportable. The therapist assessed the wheelchair
on a quarterly basis for safety, fit, and function. The therapist
taught the staff appropriate wheelchair care and mainte
nance.
Zachary and his care-givers were pleased with the pro
gram because it took into consideration everyone's needs
and Zachary'S desired outcome. Zachary was pleased be
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cause he was able to practice "walking" in the water, which he
enjoyed. He was motivated to practice the stand-pivot trans
fer because he wanted to regain the ability to transfer inde
pendently. This intervention program proved to be quite
successful. At the end of 3 months, Zachary had lost weight;
was able to complete a standing-pivot transfer with only
stand-by assistance; and his new wheelchair was modern and
streamlined, allowing him to maneuver in his home more ef
ficiently. The success of this program was due to the collab
oration among all team members including Zachary and the
fact that it was based on Zachary'S desired outcomes.

ease 2
Lisa is 71 years old and has a diagnosis of mild mental retar
dation. She lives in a community residential facility and at
tends an integrated adult day care program at a local nursing
home. Lisa ambulates independently on all surfaces includ
ing stairs. She is independent in activities of daily living. She
is able to take a bus to a destination, after she has been
shown three to four times. Lisa has always enjoyed riding a
stationary bik~, but her knees and hips have begun to bother
her. She has been diagnosed as having osteoarthritis, and her
physician suggested that she find an alternate activity to re
place the stationary bike riding.
Upon interviewing Lisa and the supervisors of her CRF, it
was discovered that Lisa once enjoyed swimming, but since
she had moved to this particular facility 7 years ago, there
had been no opportunity for this activity. The physical ther
apist realized that Lisa was not in need of his direct services,
but he felt that she could benefit from a non-weight-bearing
exercise program. The physical therapist collaborated with
the group home supervisor, recreational therapist, and social
worker to involve Lisa in a regular swimming program. The
social worker found a companion to accompany Lisa on the
bus to a local indoor pool. The recreational therapist
arranged with the staff at the pool to have Lisa participate in
a water aerobics class. The adult day care staff were made
aware that Lisa would be coming in late on Wednesdays and
Fridays-the days she would participate in the aerobics pro
gram. The physical therapist was available to consult with
the home care providers, recreational therapist, and pool
staff, if necessary.
Lisa and the staff were pleased with the progress. Lisa ex
perienced a problem often seen in the aging population, but
her developmental disability made it difficult for her to ac
cess appropriate care and activities. The therapist in consul
tation with other members of the interdisciplinary team
found an activity that Lisa enjoyed and created an effective
program for her. Through a collaborative effort, a program
was implemented that met the patient's needs.

SUMMARY
Information regarding aging individuals with developmen
tal disabilities has recently begun to receive attention in the
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literature. Older persons with developmental disabilities
have begun to be recognized by service providers and policy
makers as a large heterogeneous group who require special
ized services integrated into the service system of the general
population of elders.
This chapter reviewed the legal mandates and social pol
icy impetus guiding service to this group. The role of the
physical therapist in examining individuals and assisting
team members with designing appropriate, holistic habilita
tion plans was presented. Although little information is
available on specific aspects of the aging process in develop
mental disabilities, aspects of aging in persons with Down
syndrome and cerebral palsy were discussed.
Physical therapists are in a unique position to assume
leadership roles in the care of elders with developmental dis
abilities and develop integrated programs of habilitation.
Additionally, a critical role for physical therapists will be to
design and foster leisure skill programming for these per
sons that will promote and maintain functional skills. Phys
ical therapists also are in a position to effect system change,
specifically recognizing the importance of leisure skill pro
gramming and creating reimbursement strategies that will
take leisure skill programming into consideration.
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adherence Consistent behavior that is accomplished
through an interpalization of learning, enhanced by inde
pendent coping and problem-solving skills.
aerobic exercise training Therapeutic exercise and
activities of sufficient intensity, duration, and frequency
to improve the efficiency of oxygen consumption during
work.
Alzheimer's disease Diagnostic label for a cluster of
symptoms, including confusion and diminished mental ca
pacity, after other diagnoses have been ruled out. Confirma
tion of the diagnosis can only be made with a brain biopsy,
most usually on autopsy.
andragogy Philosophical orientation for adult educa
tion.
arteriovenous oxygen difference (a-V0 2 difference)
The difference between the oxygen content of blood in the
arterial system and the amount in the mixed venous blood.
At rest the normal a-v0 2 difference averages 4 to 5 mL of
oxygen per 100 mL of blood. With vigorous exercise, this
value may increase to 15 mL of oxygen per 100 mL of blood.
arthrokinematics The relative rotary and translatory
movements that occur between joint surfaces.
arthrokinesiology The study of the structure and func
tion of skeletal joints.
assignment Process through which a provider agrees to
accept the amount the insurer pays as payment in full. The
only amounts the patient may be billed for are co-payments
and deductibles.
assisted living settings A type of living situation in
which persons live in community housing with attendant
care provided for those parts of the day or those activities in
which assistance is required. One attendant may provide for
a number of patients.
automatic postural responses Refers to a set of muscle
responses characterized by latencies of approximately 100 to
150 ms, which are longer than monosynaptic reflexes but
shorter than voluntary muscle responses. They occur in re
sponse to balance disturbance (expected or unexpected) and
are important in postural control. Evidence exists that these
responses become delayed with age.

balance billing Procedure for billing the patient for the
balance of amounts not covered by insurance. This can be
done only with certain insurers for which the provider does
not accept assignment.
cardiac output «V The product of heart rate and
stroke volume.
chronotropic response Influencing the rate of the
heartbeat.
close-packed position The point in a joint's range of
motion where maximal stability exists due to the stretch
placed on periarticular structures.
cocontraction Simultaneous contraction of agonist
and antagonist muscles.
compliance Subservient behavior that implies follow
ing orders or directions without self-direction or choice.
creep A measure of the deformation in a material as
a result of a constant load applied over a specific time
interval.
deinstitutionalization A movement that started in
mental health that shifted the location of treatment from
hospital to community. This philosophy has extended to
current practice in general health care as seen in the move
from hospital to home care.
delirium Acute and reversible changes in mental status.
Causes include fever, shock, and drug overdose.
dementia Impairment of intellectual functioning, oc
casionally due to a treatable condition.
depression Affective disorder divided into various sep
arate diagnoses by the fourth revised edition of the Diagnos
tic and Statistical Manual of Mental Disorders (DSM-N).
Two diagnoses of particular interest to physical therapists are
major depressive episode and adjustment disorder with de
pressed mood.
developmental disability A physical or mental handi
cap or combination of the two that becomes evident before
age 22, is likely to continue indefinitely, and results in signif
icant function limitation in major areas of life.
diagnosis-related groups (DRGs) System of categoriz
ing acute care inpatients who are medically related in terms
of diagnosis and treatment for the purpose of assigning dol
lar amounts for reimbursement to hospitals for care of these
individuals under the Prospective Payment System.
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disability Refers in the model of the process of disable
ment developed by Nagi to inability to fulfill specific role
obligations in a particular sociocultural and physical envi
ronment. Defined by the International Classification of Im
pairments, Disabilities and Handicaps as limitations in func
tional activities.
disease Pathological condition of the body that pre
sents as a group of characteristic signs and symptoms that
indicates the condition is abnormal.
drug half-life The time required for half the drug re
maining in the body to be eliminated.
durable medical equipment (DME) Equipment cov
ered by the Medicare program for patient use. Equipment
must meet specific criteria and may be rented or purchased.
durable power of attorney Designation by a mentally
competent individual of the person who should make deci
sions for that individual in the event of mental incapacita
tion. Durable power of attorney may be restricted to certain
kinds of decisions, and different individuals may be desig
nated to make different types of decisions.
ejection fraction The fraction of the end-diastolic vol
ume that is ejected with each heartbeat.
elastic stiffness The amount of tissue force produced
when a tissue is deformed and held at a given length.
elder See older person.
end-diastolic volume The amount of filling of the ven
tricles during diastole.
end-systolic volume The amount of blood remaining
in each ventricle after each heartbeat.
evaluation Process of making a professional clinical
judgment about the data collected on examination.
examination Process of obtaining data on a patient's
condition through taking a history, conducting a systems re
view, and performing specific tests and measures.
extrapyramidal signs Motor symptoms that mimic
Parkinson's disease, dyskinesia, and other lesions in the ex
trapyramidal tract.
feedback control Refers to the postural control mecha
nism of automatic responses that occurs when there is a dis
placement of one's center of gravity that is not under volun
tary control, e.g., a slip or a trip. Automatic postural
responses that occur in response to this balance disturbance
are critical in the recovery of balance and are not under vol
untary control.
feedforward control Refers to the postural control
mechanism of automatic responses that occurs during an in
tentional displacement of the center of gravity, as during
voluntary movement, e.g., lifting arms overhead. Automatic
postural responses occur before activation of the prime
movers, are not under voluntary control, and are critical to
the successful execution of the movement. Persons with im
paired balance may have difficulty with the feedforward
mechanism of postural control.
FEVl The percentage of the vital capacity that can be
expired in I minute.
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functional limitation Inability to perform a task or ac
tivity in the typical or anticipated fashion as the result of im
pairment.
functional reach A simple clinical measure of func
tional balance that quantifies one's forward reach. This mea
sure assesses one's ability or willingness to move his/her cen
ter of gravity to the margins of his/her base support. Reach
is known to diminish slightly with age, but markedly re
stricted reach (less than 6 inches) can be a marker of frailty
and signal that a person is at increased risk for falls.
functional reserve Refers to the excess or redundant
function that is present in virtually all physiological systems.
This is diminished in the older adult, lowering the threshold
for clinically observable loss of function.
gyral atrophy Decreases in the gray or white matter of
the brain or both.
health status Summary of a person's physical, psycho
logical, and social function. May be determined by data from
multiple sources, including clinical examination, self-report,
or care-giver responses.
impairment Any loss or abnormality of anatomical,
physiological, or psychological structure or function. Sec
ondary impairments may be the result of primary impair
ments. Composite impairments may be the result of interac
tions between and among primary and secondary
impairments.
indemnity insurance Type of insurance based on pay
ments only when an illness or accident has occurred.
individualized habilitation plan (IHP) A written mul
tidisciplinary plan of care for a developmentally disabled
adult that identifies needs, strategies for meeting those
needs, and the individuals involved in providing the pro
gram. This may be a part of a referral to physical therapy.
informed consent A process by which a mentally com
petent individual is given sufficient information to develop
adequate comprehension about the risks, benefits, and alter
natives to treatment in order to choose a treatment option
voluntarily.
.
intermediate care facility (ICF) One that provides in
termediate care, which is the care most often required in a
nursing home. This may include help with activities of daily
living. This type of care does not require the constant in
volvement of licensed professional staff.
kinematics The study of the motion within a joint or
between bones, without regard to forces or t9rques that have
caused the motion.
kinetics Describes the joint forces and torques that
cause motion at a joint.
learning A change in behavior resulting from an acqui
sition of knowledge directed toward achieving predeter
mined goals.
lipofuscin A dark, pigmented lipid found in the cyto
plasm of aging neurons.
locus of control An individual's orientation toward in
ternal motivation, autonomy, and control of decisions.
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mainstreaming A philosophy of incorporating indi
viduals with special needs into programs in which peers
their age participate rather than developing special pro
grams. Has usually been used in relation to educational
programs for children but is now being extended to work
and leisure.
maximal voluntary ventilation (MVV) The greatest
volume of air that can be exhaled in 15 seconds.
microneurography A technique for the recording of
action potentials from individual peripheral nerve fibers.
minute ventilation (VE) The volume of air inspired
and exhaled in 1 minute. The highest minute ventilation
achieved during exercise is also called the maximum breath
ing capacity.
motor time (MT) In a reaction time (RT) test, the time
from onset of electromyographical activity to the initiation
of the movement.
motor unit (MU) Single alpha motoneuron and all the
muscle fibers it innervates.
muscle fiber types· Classification of muscle fibers based
on anatomical, physiological, and functional characteristics.
mutability The muscle fiber's ability to change in re
sponse to a new demand.
neuritic plaque A discrete structure found outside the
neuron that is composed of degenerating small axons, some
dendrites, astrocytes, and amyloid. Neuritic plaque is found
in normal aging brains. Also known as senile plaque.
neurofibrillary tangle (NFT) A darkly stained, thick,
and twisted band of material found in the cytoplasm of ag
ing neurons.
older person Term used to refer to individuals in the
later years of the life span. Arbitrarily set between 65 and 70
years old in American society for the purpose of age-related
entitlements.
orthostatic hypotension A sudden decline in blood
pressure that occurs on standing. Also known as postural hy
potension.
oxygen consumption (V02 ) The difference between the
oxygen inspired and the oxygen exhaled is the amount of
oxygen used. Maximum oxygen consumption CVo 2 max): the
highest amount of oxygen used during exercise. The oxygen
consumption will not increase even if the exercise intensity
increases. This value is often used to measure maximal exer
cise capacity.
pacing Accommodating for time in a test or treatment
session; the rate at which instruction is given or practice is
provided.
pain An unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or de
scribed in terms of such damage.
pharmacodynamics The study of how drugs affect the
body.
pharmacokinetics The study of how the body handles
drugs, including the way drugs are absorbed, distributed,
and eliminated.
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plasticity Neuroscience: Adaptive structural or physio
logical change in the central nervous system in response to a
neuron's disturbed environment. Biomechanics: Defined as
continued elongation of a tissue without an increase in re
sistance from within the tissue.
plethysmography Use of a plethysmograph to measure
the volume of a body part.
polypharmacy The excessive and unnecessary use of
medications.
postural hypotension See orthostatic hypotension.
premotor time (PMT) In a reaction time (RT) test, the
time between the stimulus to the onset of electtomyograph
ical activity.
prepaid health plan An insurance plan provided by
health maintenance organizations (HMOs) and competitive
medical plans. Preventive and wellness services are available
in addition to care for illnesses.
presbyastasis Age-related disequilibrium in the ab
sence of known pathology.
presbycusis Age-related decline in auditory function in
the absence of known pathology.
Prospective Payment System (PPS) A process under
which acute care and inpatient rehabilitation hospitals,
skilled nursing facilities, and home health agencies are paid
fixed amounts by Medicare based on the patient's principal
diagnosis or medical condition.
pseudodementia Term used to describe the misdiagno
sis of depression as dementia in the elderly.
pseudoelastin A protein found in aging elastin tissue.
The essential constituent of yellow elastic connective tissue.
reaction time (RT) The time required to initiate a
movement after stimulus presentation.
resistance exercise training Exercise that applies suffi
cient force to muscle groups to improve muscle strength.
resource-based relative value system (RBRVS) A sys
tem of reimbursement being developed by Medicare for out
patient service based on assessing the intensity and com
plexity of a service and assigning a numerical value and
dollar amount related to that value.
restorative aide A nursing assistant who works in a re
habilitation capacity and assists nursing home residents in
carryover of learned functional mobility, e.g., ambulation
and transfers, and activities of daily living on the patient
floors.
senile plaque See neuritic plaque.
skilled nursing facility (SNF) Provides care that must
by rendered by or under the supervision of professional per
sonnel, such as a registered nurse. The care must be required
daily and must be a continuation of the care begun in the
hospital.
somatosensory evoked potential (SEP) Peripheral
nerve stimulation produces potentials that can be recorded
from the scalp, over the spine, or in the periphery. The po
tentials are called SEPs.
strain Refers to the percent change in original length of
a deformed tissue.
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stress The force developed in a deformed tissue divided
by the tissue's cross-sectional area.
stroke volume (SV) The amount of blood ejected from
the left ventricle on one beat. Maximum stroke volume is the
highest volume of blood expelled from the heart during a
single beat. This value is usually reached when exercise is
only about 40% to 50% of maximum exercise capacity.
synaptogenesis The formation of new synapses.
tensile force Resistive force generated within a tissue in
response to elongation or stretch.
tetany A syndrome manifested by sharp flexion of
joints, especially the wrist and ankle joints; muscle twitch
ing; cramps; and convulsions, sometimes with attacks of dif
ficult breathing.
transcutaneous electrical nerve stimulation (TENS)
Generically, refers to all forms of therapeutic electrical stim
ulation to intact nerve/muscle done via skin surface elec
trodes. Most commonly refers to electrical stimulation used
specifically for pain management.
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viscosity Describes the extent to which a tissue's resis
tance to deformation is dependent on the rate of the de
forming force.
visual acuity Measure of visual discrimination of fine
details of high contrast.
visual evoked response (VER) Presentation ofa partic
ular visual stimulus evokes consistent electrocortical activity
that can be recorded from electrodes placed on the scalp.
The potentials that are recorded are known as VERs.
vital capacity The total volume of air that can be vol
untarily moved in one breath from full inspiration to maxi
mum expiration.
"ozmax The point at which oxygen consumption
plateaus and shows no further increase with an additional
work load. It is generally assumed that this represents a per
son's ability to synthesize adenosine triphosphate aerobi
cally.
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A
Absorption, drug, 184--185
Abuse, elder, 437
Accommodation, changes in, 89
environmental adaptations to, 138-139
ACE inhibitors; see Angiotensin-converting en
zyme inhibitors
Acetaminophen, impact on physical therapy, 194
Acetylcholine
decreased,87-88
in dementia, 191
functions of, 44, 87, 188
Acetylcholinesterase, reduced, 46
Acid glycosaminoglycans, 60 '
Acquired immunodeficiency syndrome, 201
Acromioclavicular joint, disease of, in older ath
lete, 469
Actin, function of, 44
Action potentials, motor unit, increased, 97
Active forces, 57
Activities of daily living; see also Disability; Func
tional performance threshold; Instrumen
tal activities of daily living
assistance for, 213-214
basic, 127
chronic conditions and, 12, 12-13
comorbidity and, 12, 12-13
dependence for, 211
depression and, 166
with developmental disabilities, 479-480
in elders over 85 years, 455
functional activities in, 211
independence in, 9-10
for institutionalized elders, 126, 126t
instrumental; see Instrumental activities of
daily living
Katz Index of, 130
lean muscle mass and, 261
for noninstitutionalized elders, 124, 124--125,
125
pain and, 353
performance of, 102
physiological changes and, 29
practice in, 212
Vo2max and, 234
in well elderly, 461-462
Acuity, visual, defined, 282
Acute care settings, reimbursement for, 421-422
ADA; see Americans with Disabilities Act
ADEA; see Age Discrimination in Employment
Act of 1967
Adenosine triphosphate; see ATP
Adherence, defined, 402
Adjustment disorder, criteria for, 162
ADR; see Adverse drug reactions
Adrenergic depletors, presynaptic, indications,
generic/trade names, 195t

Advance directives, 436
Adverse drug reactions, 186-187
anticholinergic, 188
from chemotherapy, 202
common, 187-188
defined,187
versus disease symptoms, 202
inadequate drug testing/regulation and, 186
inadequate patient education/compliance and,
186-187
multiple disease states and, 186
rehabilitation concerns and, 202
versus symptoms, 202
Advocacy
model for, 23-24
values and, 23-24
Aerobic capacity during illness/inactivity, 32
Aerobic conditioning, fatigue and, 261-262,262
Aerobic exercise
benefits of, 50-51
for frail, institutionalized elder, 450
Vo2max and, 50
Aerobic performance during exercise, 43
Afterload
defined, 35
during exercise, 43
AGAGs; see Acid glycosaminoglycans
Age Discrimination in Employment Act of 1967,
438
Age-associated memory impairment, 151
Aged adult, defined, 56
Ageism
defined,20
in elders, 21
examples of, 21
Aging
biological, 29-30
classification of, 10
clinical consequences of, 226-227
collagen cross-linking and, 30
communication barriers and, 17-19
defined,226
free-radical theory of, 30-31
glycosylation theory of, 316
high-risk,1O
historical descriptions of, 78
implications for rehabilitation, 3-16
master clock theory of, 316
physiological changes of; see Physiological
changes
stochastic model of, 30
successful versus usual, 79
telomere theory of, 31
theories of, 29-31
usual versus successful, 10
variability in, 79
Aging associated cognitive decline, 151
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Agonist muscles, 58
Agonistic reversal for controlled mobility, 308
AI; see Alternating isometrics
Air plethysmography, 382
Air trapping, pulmonary, 236
Airway clearance
impaired, case study of, 241-242
techniques for, 240
Airway resistance, impaired, 235
Airways
aging and, 229-232
inCOPD,236
impairment of, 235
Albumin, evaluation of, 179
Alkylating agents
generic/trade names for, 202t
mechanism of action of, 201
Alpha-blocking agents, indications, generic/trade
names, 195t
Alternating isometrics
for improving muscle strength/endurance, 310
for postural stability, 307
Alveolar ventilation, reduced RR and, 239
Alveolarization, 227
Alveolus
aging and, 230
function of, 228
Alzheimer's disease
ACh deficits and, 88
brain atrophy and, 81
criteria for, 154
Down syndrome and, 477
drug therapy for, 191
estrogen and, 199
Amantadine for Parkinson's disease, 192
Ambulation, 293-315; see also Mobility; Move
ment; Walking
assessment of, 301-302
intervention strategies in, 301
for orthotic needs, 319
possible functional changes and, 301-302,
302
characteristics of, 296
dependent, nursing home admission and, 294
energy expenditure in, 297
examination of, 295--301
for ambulatory characteristics, 296
cardiovascular-pulmonary system in, 299,
299
environmental factors in, 295
measurement considerations in, 297-298
movement capacity in, 300-301
movement control in, 299, 299-300
musculoskeletal system in, 299, 299
nervous system in, 298-299
physical systems review in, 298-299
psychological/medical factors in, 295-296

)
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Ambulation-cont'd
examination of-cont'd
for related movement capacity characteris
tics, 297
for related movement control characteris
tics, 296-297
gender differences in, 297
impaired
controlled mobility and, 307-308
in initiation of active movement, 306
muscle stability and, 306-307
by passive range of motion, 305-306
at static-dynamic level, 309-310
at strength and endurance level, 310
interventions for, 302-313
bridging procedures, 313
case study, 310-311, 311
hooklying procedures, 312-313
impairment classification and, 305---310
model for, 303, 303-304
modified plantigrade procedures, 313
plan of care in, 311-313
procedures of, 304-305
sitting procedures, 313
standing procedures, 313
supine procedures, 312
introduction to, 293-295, 294
physical and social values of, 293-294
summary of, 313--314
Ambulatory aids; see also Assistive devices
in pain management, 359
Amenorrhea, bone density and, 249
American Physical Therapy Association, ethical
standards of, 433
Americans with Disabilities Act, 476
transportation guidelines of, 216
Aminoglycosides, generic/trade names for, 200t
Amnesia, anterograde, 189
Amputation; see also Prosthetics, lower limb
causes of, 327-328
gait impacts of, 328
incidence of, 327-328
transfemoral
case study, 336-337
prosthetic use and, 330
transtibial, case study, 337
Amputee, case study, 219,219-220,220
Amyloid, myocardial, 37
Analgesics
consumption of, 353
narcotic, generic/trade names, 193t
non-narcotic, generic/trade names, 193t
non-opioid, impacts on physical
therapy, 194
opioid, impacts on physical therapy, 194
Andragogy, defined, 399
Androgens, antineoplastic, generic/trade names
for,202t
Angina pectoris
evaluation of, 179-180
nitrates for, 196
Angioplasty, percutaneous transluminal, for arte
riosclerosis obliterans, 380
Angiotensin-converting enzyme inhibitors
for congestive heart failure, 197
for hypertension, 197
indications, generic/trade names, 195t
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Ankle
decreased range of motion in, in diabetic pa
tient, 386
dorsiflexion of
loss of, 329
in stance, gait impairment and, 318
improving ROM of, 304
Anklelbrachial index in diagnosis of
ABO, 379
Ankylosing spondylitis, ventilatory impairment
and, 234
Annulus fibrosus, 267, 267
Anoxia, fatigue and, 261
Antacids, types and concerns, 198
Antagonist muscles, 58
Anterior crudate ligament, tear of, case study,
472
Antianxiety agents
generic/trade names, 189t
impact on physical therapy, 188-189
Antiarrhythmic drugs, impact on physical ther
apy, 196-197
Antibacterial drugs, 200t, 200-201
Antibiotics, antineoplastic, generic/trade names
for,202t
Anticholinergic agents for Parkinson's disease,
192
Anticholinergic effects
from antidepressants, 190
drug-related, 188
Anticoagulants, impacts for physical
therapy, 198
Antidepressants, 166t, 166-167
anticholinergic effects of, 188
categories of, 166, 166t
generic/trade names, 189t
impact on physical therapy, 189-190
second-generation, 190
side effects of, 190
Antidiuretic hormone, inappropriate secretion of,
178
Antihistamines, anticholinergic effects of, 188
Antihypertensive agents
impacts on physical therapy, 197
mechanism of action of, 197
Antimalarial agents, generic/trade names, 193t
Antimetabolite agents
generic/trade names for, 2021
mechanism of action of, 201
Antimitotic agents
generic/trade names for, 202t
mechanism of action of, 201
Antioxidants
aging and, 31
lung function and, 241
Antipsychotic agents
anticholinergic effects of, 188
for dementia, 191-192
generic/trade names, 189t
impact on physical therapy, 190-191
side effects of, 191
Antirheumatic drugs, disease-modifying, impact
on physical therapy, 195
Antiseizure agents, 193
Antithyroid agents, indications, generic/trade
names, 199t
Antiviral drugs, 200t, 201

Anxiety

versus dementia, 155
drug therapy for, 189
Aorta
changes in, 38
function of, 38
APIA; see American Physical Therapy Association
Aquatics, aerobic, in pain management, 360
AR; see Agonistic reversal
Aricept; see Donepezil
ARM; see Macular degeneration, age-related
Arterial insufficiency; see also Arteriosclerosis
obliterans
dermal wounds from, 378-381
ulcers due to, electrical stimulation of, 388-389
Arteries, changes in, 38--39
Arteriography in diagnosis of ASO, 380
Arteriosclerosis obliterans
dermal wounds from, 378--381
epidemiology of, 378
etiology of, 379
interventions for, 381, 38lt
objective tests of, 379--380
signs and symptoms of, 379
treatment of, 380-381
risk factors for, 378
Arteriovenous oxygen content difference as
determinant ofVo,max, 247
Arteriovenous oxygen tension difference, re
duced, 233-234
Arthritis; see also Osteoarthritis
older athlete and, 468
overuse injuries and, 467
pain due to, 351
pain management for, case study, 370-371
patient education for, 369
prevalence of, 10
spinal, 269
Arthritis Self-Management Program, 369
Arthrokinematics, defined,S 7
Arthrokinesiology, 56-77
aging and, 65-75
kinematic considerations, 66
kinetic considerations, 69--75
and reduced range of motion, 66-69
basic principles of; 56-59
bone and joint kinematics in, 57
bone and joint kinetics in, 57-58
defined,56
and posture/positions of joint stability, 58--59
summary of, 75
Arthroplasty, total knee, case study, 217t,
217-219, 218t
Articular capsule, 60
Asians
elderly, 4
life expectancy for, 8
living arrangements of, 4
ASO; see Arteriosclerosis obliterans
Assessment
functional; see Functional assessment
modes of, 129--130
direct observation, 129--130
self-report, 130
Assistive devices, 211
with developmental disabilities, 480
for elder at home, 214-215
in pain management, 359
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Asthma
airflow resistance in, 235
versus chronic obstructive lung disease, 235
diagnosis of, 235-236
Astrocytes, function of, 103
Atelectasis, causes of,235
Athletes, 466-474
cardiovascular function in, 469
case studies, 471-474
comorbid conditions in, 469-470
defining, 466-467
groups of, 466-467
introduction, 466
musculoskeletal problems of, 467-469
acute, traumatic injury, 467
arthritis, 468
overuse injury, 467-468
preventing, 469
shoulder, 468-469
programmatic considerations with, 470-471
summary, 474
ATP
hydrolysis of, 44-45
in muscle contraction, 44
Atrial fibrillation, evaluation of, 179
Attitudes, defined, 399
Auditory system, changes in, 89-90
Automobiles, risks of driving, 216-217
Autonomy
barriers to, 78
ethics and, 428
legal protection of, 434-435
nonmaleficence and, 431
versus paternalism, 431-432
preserving, 20
Autonomy model, 23-24, 24t
Axons, loss of, 46
Azapirones
for anxiety, 189
generic/trade names, 189t

B
Balance, 280-292
after hip fracture, 301
assessment of
with developmental disabilities, 480
in well elderly, 461
dynamic, in well elderly, 462
feedbacklfeedforward in, 283
improving
case studies, 463-464
in well elderly, 457
loss of, 101,213
physiology of, 282-284
poor, 90-91
interventions for, 21
sensory-perceptual component of, 101-102
static, in well elderly, 461-462
Balance Scale, 288
Balanced Budget Act, 417, 422, 423
home health coverage and, 422-423
inpatient rehabilitation and, 422
Medicare Part C in, 418
outpatient cap of, 422
physical therapists in, 425
skilled nursing facilities and, 422
Balmoral shoe, 317

Baltimore Longitudinal Study on Aging, 79
Barbiturates
generic/trade names, 189t
for seizures, 192t
Baroreceptors
factors affecting, 35
function of, 35
Basophils
evaluation of, 176t
functions of, 176
Battery, defined, 434
BBA; see Balanced Budget Act
Beck Depression Inventory, 163, 163t, 333
Behavioral Dysfunction Scale, executive function
measured by, 152
Behavioral problems in Alzheimer's disease, 154
Behaviorist learning theory, 398
Beliefs,defined,399
Benign senescent forgetfulness, 151
Benzodiazepines
effects of, 189
generic/trade names, 189t
half-life of, 185
for seizures, 192t
Berg Test, 448
for well elderly, 462
Beta-adrenergic blocking agents
cardiac effects of, 196
for congestive heart failure, 197
impact for physical therapy. 195-196
indications, generic/trade names, 195t
Bille, D. A., 402-403
Biofeedback
in pain management, 370
for strengthening pelvic muscles, 346-347, 347,
349t
Biperiden for Parkinson's disease, 192
Birthrate, declining, 4
Blacks
economic status of, 7
elderly, 4
life expectancy for, 8
in nursing homes, 5
physical disability in, II
Black-white crossover, 8
Bladder
capacity of, 342
support of, 341
Bladder record, sample, 344
Blessed Orientation-Memory-Test, 156
Blindness from AMD, 89
Blood, aging and, 38-39
Blood flow
age-related changes in, 48
changes in, 38
Blood gases, arterial, 237
Blood pressure; see also Hypertension; Hypoten
sion
arterial, calculation of, 35
factors affecting, 41
low systolic, pressure ulcers and, 384-385
resting, 40-41
changes in, 40-41
systolic versus diastolic, 35,41,41-42
Blood vessels, structural changes in, 37-39
Blood volume, normal range and changes in, 35
Blucher shoe, 317

Body composition
aging changes in, 29, 29t
endurance training and, 248
Body mass, lean, endurance training and, 248
Bone
age-related
in,65
endurance training and, 248-249
kinematics of, 57
kinetics of, 57-58
remodeling of, 65
structure and function of, 65
Bone loss
gender differences in, 65
in men versus women, 266
trabecular, 268
Bone marrow, changes in, 38-39
Bone mass, endurance training and, 248-249
Bone mineral density, endurance training and,
248-249
Borg scale for exercise intensity, 249, 250t
Boston Normative Aging Study, 79
Braden scale, 385
Brain
changes in, 80-81
myelin loss in, 84, 85, 86
regions of, 81, 82
ventricular dilation in, 81,81
Breast cancer, disability due to, II
Breathing
diaphragmatic, 239
paced,239
postural changes and, 272-273
pursed lip, 239
at rest, 228
work of; see Work of breathing
Breathing exercises for ventilatory impairment,
239
Bretyliurn, cardiac effects of, 196
Bromocriptine for Parkinson's disease, 192
Bronchiectasis, diagnosis of, 236
Bronchioles, black pigment in, 230
Bronchitis
airway resistance and, 235
asthmatic, 235
chronic
case study of, 242-243
diagnosis of, 236
Bursitis, pain management for, case study,
371-372
Butyrophenones, generic/trade names, 189t
Bypass surgery for arteriosclerosis obliterans, 380

c
CAD; see Coronary artery disease
CAl1cium channel blocking agents
cardiac effects of, 196-197
for hypertension, 197
indications, generic/trade names, 195t
Cancer; see also specific types
as cause of death, 9
treatment of; see Chemotherapy
Canes
advantages and disadvantages of, 215
in pain management, 359
Capillarity, age-related changes in, 48
Capnometry, 237
Carbon dioxide, arterial levels of, 232
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Cardiac cycle, defined, 36
Cardiac disease; see Congestive heart fuilure;
Coronary artery disease
Cardiac muscle
aerobic exercise and, 50
compliance of, 37
Cardiac output, 233
calculation of, 34, 233
changes in, 40
defined,34,35
during exercise, 42-43
factors affecting, 34
Cardiac pump, increased oxygen demand and,
234
Cardiac valves, changes in, 37
Cardiopulmonary disease, symptoms/signs of,
252
Cardiopulmonary exercise test, 238
Cardiovascular disease, disability and, 11, 12-13
Cardiovascular drugs, 195-198
classification, indications, generic/trade names,
195t
Cardiovascular endurance, increasing, in well el
derly, 457
Cardiovascular fitness in older athlete, 469, 470
Cardiovascular functional capacity
aging and, 245-246
IADLs and, 245
index of, 245; see also Vo,max
Cardiovascular system
age-related changes in, 32
anatomy of, 34
assessing, in patient with prosthesis, 329
endurance training and, 247
during exercise, age-related factors, 42-43
function of, 34, 34-36
functional performance threshold and, 32, 33t
increased oxygen demand and, 234
structural changes in, 36-42
Cardiovascular-pulmonary system
ambulation and, 300
ambulatory impairment and, 299, 299
Care facilities, long-term, environmental design
of,143-144
Care-giver
for dementia patients, 157-158
gender of, 6-7
and keeping patient at home, 214
patient education and, 408-409
skills of, 214
stress of, 214
Carpal tunnel syndrome, case study, 220, 221
Carpeting, selection of, 144
Cartilage
articular, in spine, 269
defects of, in older athlete, 468
fibrillated, 63, 63
hyaline; see Hyaline cartilage
CASH; see Cruciform anterior spinal hyperexten
sion orthosis
Casting, total contact
contraindications to, 391
for neuropathic ulcers, 388
for wound healing, 3~391
Catecholamines
cardiac function and, 195-196
increased afterload and, 43
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CBRR; see Consumer Bill of Rights and Responsi
bilities of 1998
Cells, types of, 31
Center for Epidemiological Studies Depression
Scale, 163, 163t
Center of gravity, changes in, 305
Central efferent pathway, assessment of, 99
Central nervous system
ambulation and, 300
balance and, 283
metabolism of, 82-83
neuroanatomical changes in, 80-81
neurochemical changes in, 87-88
plasticity of, 103
in posture and balance, 101-102
Central processing in balance assessment,
287-288
Cephalosporins, generic/trade names for, 200t
Cerebellum, movement functions of, 84
Cerebral blood flow, regulation of, 82-83
Cerebral cortex
cell loss in, 83-84
neuron impairment in, 86
Cerebral palsy
aging and, 477-478
case study, 482
Cerebrovascular accident, prosthetic use and, 331
Cerumen
buildup of, 90
impacted, 140
Cervical collar in pain management, 359
Cervical spine, dysfunction of, case study of,
276-277
Chair step test, 253
Change, resistance to, 401
CHD; see Congestive heart failure
Checklist in assessing patient education, 410
Chemotherapy, 201-202, 202t
adverse effects/rehabilitation concerns, 202
basic strategy for, 201
types of, 201-202
Chest wall, stiffening of, 231
Choice, independent, 23, 24t
Cholesterol, coronary heart disease and, 172
Choline acetyltransferase, reduced, 46
Cholinergic agents for dementia, 191
Cholinergic hypothesis, 87
Chronic conditions
activities of daily living and, 12, 12-13
and changes in body composition, 29
multiple, drug reactions and, 186
prevalent, 10
Chronic obstructive pulmonary disease
versus asthma, 235
case study of, 242-243
diagnosis of, 236-237
Chronic venous insufficiency, 381-383
epidemiology of, 381-382
etiology of, 382
examination for, 382
interventions for, 383
tests for, 382-383
treatment of, 383
ulcers due to, electrical stimulation of,388-389
Cigarette smoking, and risk of arteriosclerosis
obliterans, 379
Circulation, venous, changes in, 38

Claudication, intermittent, from ASO, 379
Clinical management, 171-181
laboratory values in, 178t, 178-180
presenting signs and symptoms in, 172-176
Clinical utility, 128-129
Coagulation disorders, drugs for, 198
Codes of ethics, 433; see also Ethical issues; Ethics
Cognex; see Tacrine
Cognition versus learning, 405
Cognitive function, prosthesiS use and, 333-334
Cognitive impairment, 150--160
aging associated, 151
assessment of, 156-157
case study, 158
defined,150
in depression, 161
differential diagnosis of, 152-156
Alzheimer's disease in, 154
anxiety in, 155
coping behaviors and, 156
criteria for, 152-153
dementia in, 153, 153t
multi -infarct dementia in, 154
pseudodementia in, 155
reversible dementia in, 154-155
management of, 157-158
versus normal cognitive changes, 150--152
prevalence of, 150
Cognitive learning theory, 398
Cognitive model of depression, 163
Cold, therapeutic, in pain management, 361,
361t, 364-365
Collagen
in bone, 65
cross-linking of, aging and, 30
in hyaline cartilage, 62-{i3
in osteoarthritis, 64
PCT stiffuess and, 62
structure and function of, 60
Color discrimination, driving and, 146
Color vision, changes in, 89
environmental adaptations to, 139
Communication, 17-20
aging and, 17-19
defined,17
facilitation of, 19-20
informed consent and, 435
strategies for, 19
with terminally ill patient, 25-26
Communication skills, control-enhancing, 22
Community
challenges to remaining in, 211
mobility in, 215-217
Community residencies, populations served by,
476
Community resources, 214
Comorbidity, function and, 12, 12-13
Competence, defined, 143
Complete blood count, 175
in diagnosis of dyspnea, 173
Compliance; see Patient compliance
Comprehensive outpatient rehabilitation facili
ties, 422
reimbursement for, 422
Compression devices for wound healing, 38lt,
389-390
Compression pumps for wound healing, 390, 390t
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Compression stockings for wound healing, 390
Conditioning
aerobic; see Aerobic conditioning
endurance, 240
of ventilatory muscles, 239-240
Condyle, femoral, articular surface of, 63, 63
Confidentiality
mandatory disclosures and, 429
professional, 429-430
and Tarasoff vs. Regents of the University of
California, 429
Conflict, ethical, 432-433
Confusion
drug-related, 187
evaluation of, 175-176
Congestive heart fuilure
causes of, 173
concept of, 114
drugs for, 197-198
risk of, 42
Connective tissue
age-related changes in, 59-65
bone, 65
hyaline cartilage, 62-{)5
intramuscular, 60
of intravertebral disc, 267
periarticular, 60-62
age-related changes in, 62
mechanical properties of, 61, 61-{)2
stiffness in, 66
structure and function of, 60-61
Consent, informed; see Informed consent
Consistency, internal, 127-128
Construct validity, 128
Consumer Bill of Rights and Responsibilities of
1998,435
Consumerism versus paternalism, 23
Content validation, 128
Continence, conditions for maintaining, 340
Contractility, left-ventricular, during exercise, 43
Contractions
maximum voluntary, measuring, 260, 260
muscle; see Muscle contraction
shortened held resisted, 306--307
Contracts, learning, 409
Contractures
knee flexion
in institutionalized elders, 450
prosthetic use and, 330
lower limb, prosthetic use and, 330
Control
helplessness/hopelessness and, 21-22
locus of, defined, 399
therapist's attitude toward, 400-401
Controlled mobility, interventions for, 307-308
COPD; see Chronic obstructive pulmonary dis
ease
Coping behavior in dementia, 156
CORPs; see Comprehensive outpatient rehabilita
tion facilities
Cornell Scale, 164
Coronary artery disease
as cause of death, 9
dyspnea in, 173
risk factors for, 171-172, 233, 247, 252, 252t
sedentary life-style and, 247
Cortical atrophy, 80

Cross-bridging, intermolecular, 60
Cruciform anterior spinal hyperextension ortho
sis in pain management, 359
Culture
learning and, 404-405
values and, 22
Cure model of health care, 401
CVA; see Cerebrovascular accident
CVI; see Chronic venous insufficiency
Cycle ergometer test, 252-253
Cytomegalovirus, drugs for, 200t

D
DA; see Dopamine
Dark adaptation
changes in, 89
environmental adaptations to, 135t, 138
driving and, 146
Data collection, 118-119
Deafness, postural changes and, 271
Death
causes of, 9
sudden, 52
Death rate, declining, 4
Decision making
ethical, 438-439
perceived control of, 21-22
by physician, 23
Decision tree, 117
Deconditioning, assessment of, 238
Decubitus ulcers; see Dermal wounds; Pressure
ulcers; Ulcers; Wound healing
Dehydration, characteristics of, 177-178
Delayed onset muscle soreness, 467
Delirium
causes of, 175
DSM criteria for, 152
in evaluation of confusion, 175
Dementia
acquired versus persistent, 150
care-giver issues in, 157-158
cortical cell loss in, 84
criteria for, 153
defined, 150, 191
versus depression, 155
drug therapy for, 191-192
DSM criteria for, 152
environmental issues in, 157
multi-infarct, criteria fur, 154
reversible, 154-155
Dementia Mood Assessment Scale, 164
Dementia syndrome of depression, criteria for,
164-165
Dendrites
degeneration of, 86
functions of, 103
Denial of pain, 352
Deoxyribonucleic acid; see DNA
Depression, 161-170
assessment of, 162-163
case study, 168
categorizations of, 161-162
causes of, 161
characteristics of, 161-162
versus dementia, 155
dementia syndrome of, 155
criteria for, 164-165
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Depression--cont'd
Down syndrome and, 477
drug therapy for, 189-190
drug-related, 187
DSM criteria for, 152
in elderly versus in other groups, 164
endogenous, 162
factors associated with, 165-166
function and, 166
gender and, 165
management of
with exercise, 167
guidelines fur, 167-168
with pharmacotherapy, 166t, 166--167
with psychotherapy, 167
models of, 163-164
pain perception in, 356
postural changes and, 270-271
rates of, 164
reactive (secondary), 162
terminology for, 162
Depressive Signs Scale, 164
Depth perception
balance and, 282
changes in, environmental adaptations to, 1351;
140
defined,282
Dermal wounds, 376--396; see also Wound healing
advanced age and, 376
from arterial insufficiency, 378-381, 380
classification of, 377, 377 t
examination of, 377-378
from neuropathic plantar ulcers, 386--388
from pressure (decubitus) ulcers, 383-386
team approach to, 378
venous insufficiency, 381-383
Developmental disabilities, 475-484
assistive technology for, 480
case studies, 482-483
cerebral palsy, 477-478
demographics of, 475-476
Down syndrome
Alzheimer's disease and, 477
depression and, 477
examination/evaluation, 478-480
assessment tools for, 4791; 479-480
behavioral response in, 478
gait, balance, locomotion, 480
history in, 478
motor function/functional activities in,
479-480
neuromusculoskeletal status in, 478-479
introduction, 475
program planning/implementation, 480-482
services for, 476
summary, 483
Developmental Disabilities Assistance and Bill of
Rights Act, 476
Diabetes mellitus
aerobic exercise and, 50-51
aging and, 247-248
amputation due to, 329
and decreased ankle ROM, 386
drugs for, 199-200
neuropathy in, 379
plantar ulcers and, 386
types of, 199
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Diagnosis
approaches to, 117-118
decision tree in, 117
guidelines for, 120
history and physical in, 117-118
hypotheticodeductive strategy in, 118
pattern recognition in, 118
Diagnosis-related groups, 419, 421,422

Diagnostic and Statistical Manual ofMental Dis
orders (DSM -IV)
criteria of, 152-153
dementia criteria of, 153
depression in, 161-162
multi-infarct dementia in, 154
Diaphragmatic breathing, 239
Diastole, defined, 36
Diet
guidelines for, 177
in prevention of CHD, 172
Dietary supplements, memory loss and, 88
Differential count, 175-176, 176t
Diffusion, aging and, 232-233
Digitalis glycosides
for congestive heart failure, 197-198
indications, generic/trade names, 195t
Digoxin for congestive heart failure, 197
Dihydropyridine receptor, age-related changes
in, 47
Diltiazem, cardiac effects of, 196
Disability, 117; see also Activities of daily living
age and, 11
cardiovascular disease and, 11
defined,216
developmental; see Developmental disabilities
education and, 13
gender and, 13
from hip fracture, II
in Nagi's model of health status, 116-117
postponement of, lO
psychosocial factors in, 13
and utilization of services, 13, 14
Disclosure
discretionary, 429-430
mandatory, 429
permissible, 429
Disease; see also Illness
chronic; see Chronic conditions
classification of, 117
concept of, 114
versus physiological changes, 28
Disease-modifying antirheumatic drugs, impact
on physical therapy, 195
Disequilibrium, 90--91
Disks, intervertebral, age-related changes in, 267,
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267
Diuretics
for congestive heart failure, 197
impact on physical therapy, 196
indications, generic/trade names, 195t
Dizziness, 90--91; see also Balance
ambulation characteristics and, 297
drug-related,188
evaluation of, 174-175
DMARDs; see Disease-modifying antirheumatic
drugs
DNA, damage to, aging and, 30
Domestic Volunteer Service Act, 476

Donepezil for dementia, 191
Dopamine
dysfunction of, 88
in Parkinson's disease, 192
in psychosis, 190--191
Doppler fleximetry, laser, for evaluating pressure
ulcer risk, 385
Doppler ultrasound; see Ultrasound
Down syndrome
Alzheimer's disease and, 477
depression and, 477
DRGs; see Diagnosis-related groups
Driving
cessation of, 216
educational programs for, 217
risks of, 216-217
sensory changes and, 145-147
Drugs
absorption of, 184-185
altered response to, 184-187
and inadequate drug testing/regulation, 186
and inadequate patient education/
compliance, 186-187
multiple disease states and, 186
pharmacodynamicchangesand,185-186
pharmacokinetic changes and, 184-185
analgesic/antiinflammatory, 193t, 193-194
antianxiety, 188-189
antibacterial, 200t, 200--201
antidementia, 191-192
antidepressant, 189-190
anti-Parkinson, 192-193
antipsychotic,190--191
anti seizure, 193
antiviral, 201
cardiovascular, 1951; 195-198
antiarrhythmic, 196-197
anticoagulant, 198
antihypertensive, 197
beta-adrenergic,195-196
for congestive heart failure, 197-198
diuretics, 196
organic nitrates, 196
chemotherapeutic,201-202,202t
disease-modifying, 195
gastrointestinal, 198
glucocorticoid, 194-195
half-life of, 185
hazards of use, 353
hormonal, 198-200, 199t
for diabetes, 199-200
estrogen replacement, 199
for thyroid disorders, 200
improper testing and regulation of, 186
lithium, 190
neurological, 192, 192n
non-opioid analgesic, 194
psychotropic, 188, 189t
respiratory, 198
sedative-hypnotic. 188-189
Drug reactions, adverse; see Adverse drug reactions
Drug therapy
case studies, 203-204
coordinating with physical therapy, 202
dosage schedule for, scheduling and, 202-203
physical therapy concerns in, 202-203
postural changes and, 271

Drug use
cycle of, 183, 183
patterns of, 183-184; see also Polypharmacy
Drug-drug interactions, 184
Durable medical equipment, 418
Durable power of attorney, 436-437
Dying, fear of, 25
Dynamometry, hand-held. for well
elderly, 461
Dyspnea
aging versus pathology in, 237-238
in angina pectoris. 180
breathing techniques for, 239
causes of, 173, 173t
diagnosis of, 173-174
evaluation of, 172
on exertion, 234-235
and maximal oxygen consumption, 234
quantification of, 238
underweight and, 241
Dysthymic disorder, 162

E
Ear wax, buildup of, 90
Economic factors, prosthetic use and, 334
Economic status. 7
life expectancy and, 9
Edema, limb, reducing, 383
Education, disability and, 13
Ejection fraction, factors affecting, 36
Elastic bandages for wound healing, 389
Elastic stockings for wound healing, 389
Elastic wraps for wound healing, 390
Elasticity. volume, 38
Elastin
aging of, 267
function of, 60
Elbow flexion, changes in, 104
Eldepryl; see Selegiline
Elder abuse, 437
Elderly
defined, 3-4
demographics of, 3-7
economic status of, 7
family care of, 6-7
family roles and relationships of, 5-7
frail and institutionalized; see Frail, institution
alized elder
living arrangements of, 4-5, 5
marital status of, 4
minority. 4
numbers of, 4
sex distribution of, 4, 4
well; see Well elderly
Electrical conduction, changes in, 39, 39
Electrical nerve stimulation, transcutaneous; see
Transcutaneous electrical nerve stimula
tion
Electrical stimulation
parameters for, 389, 389t
for strengthening pelvic muscles,
347,349t
for wound healing, 381 t, 388-389, 389t
Electrocardiogram
aging-related changes in, 39, 39
components of, 179
Electrolyte panel, components of, 178
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Emphysema
case study of, 242-243
diagnosis of, 236
Employee, legal protection of, 438
Employment; see Work
Endarterectomy for arteriosclerosis obliterans,
380
End-diastolic volume
aging and, 246-247
defined,34
Endorphins, pain perception and, 356
End-systolic volume, aging and, 246-247
Endurance, 43; see also Muscle endurance
defined, 259
versus fatigue, 259
grip strength; see Grip strength endurance
Endurance training, 240, 245-258
benefits of, 247-251
and cardiovascular changes, 245-246
cardiovascular effects of, 249
case studies, 254--256
and determinants ofVo,max 246-247
guidelines for, 249-250
heart disease and, 250-251
injury and, 253-254
introduction to, 245
moderate, 252
modes of, 250
quantifying intensity of, 249, 249t
safety considerations, 251-253
for very old, 25], 251 t
English, proficiency in, 404--405
Enkephalins, pain perception and. 356
Entheses, age-related changes in, 269
Entitlement rights, 430-43]
Environment
aging and, 30
ambulation and. 295
of dementia patient, 157
modifications of, for promoting ambulation,
302
Environmental design, 134--] 49
general principles of, 142-147
hearing changes and, 140-141
tactile changes and, 142
taste/smell changes and, 141-142
teaching/consulting strategies for, 147
visual changes and, 135-140
Environmental press, defined, 143
Enzymes
activity of, 48
aerobic,48
glycolytic, 48
Eosinophils
evaluation of, 176t
functions of, 175-176
Epilepsy, drug therapy for, 193
Epinephrine, binding of, 186
Equal Employment Opportunity Commission,
438
Equilibrium, postural changes and, 272
Equilibrium coordination tests, 274
Equipment, durable medical, 418
Erythromycins, generic/trade names for, 200t
Escalators, environmental design of, 145
Establishment of Populations for the Epidemio
logic Study of the Elderly, 124

Estrogen
antineoplastic, generic/trade names for, 202t
deficiency of, bone loss and, 249
indications, generic/trade names, 199t
osteoporosis and, 65
urinary incontinence and, 342-343
Estrogen replacement therapy, benefits and con
cerns,199
Ethical issues, 427-434; see also Values
autonomy versus paternalism, 431-432
case study, 439-440
decision making and, 438-439
introduction, 427-428
patient rights and, 430-431
principles of, 428-430
sources of conflict in, 432-433
Ethical standards, professional, 433-434
Ethics; see also Values
autonomy and, 428
and confidentiality, 429
and honesty, 429
nonmaleficence and, 428
of self-determination, 435-436
Ethnicity; see also Culture; specific ethnic groups
defined,22
Ethopropazine for Parkinson's disease, 192
Excretion, drug, 185
Executive functioning, characteristics and
changes in, 152
Exercise; see also Endurance training
adaption and, 104
aerobic, benefits of, 50-51
afterload and, 43
age and, 48-51
for ambulation interventions, 305
benefits of, 211
for ambulation, 302
body composition and, 248
cardiac output and, 42-43
cardiovascular responses to, 42-43
factors affecting, 246
definition and benefits of, 51-52
for depression, 167
developing interventions for, 51-52
for endurance conditioning, 240
for frail, institutionalized elder, 450-451
heart rate and, 42
hyperinsulinemia and, 248
for improving endurance, 263-264
left-ventricular contractility and, 43
Medicare reimbursement for, 421
non-weight-bearing, incontinence and, 250
oxygen demand and, 35-36
in pain management, 359-360
patient compliance and, 52
for pelvic muscles, 345t, 345-346
for strengthening pelvic muscles, 349t
physical and social values of, 293-294
in prevention of CHD, 172
programs for, 51
progressive resistance, 49
range of motion, 305-306
risks of,52
stroke volume and, 42
Thorndike's law of, 398
vigorous, 252
Vo,max during, 43

Exercise--cont'd
walking speed after, 295
weight-bearing-endurance, bone mineral con
tent and, 248-249
for well elderly, 455-456
prescribing, 457-459'
utility of, 456-457
Exercise test, cardiopulmonary, 238
Extrapyramidal signs/symptoms
drug-related, 188
versus Parkinson's disease, 270

F
Face validity, 128
Faces Pain Scale, 354--355
Facial expression, communication and, 19
Failure to thrive, characteristics of, 176
Fainting, evaluation of, 175
Falis, 280-292
aging theory concepts and, 281
during ambulation, 297
ambulation factors in, 294, 294
approach to, 281-282, 282
biomedical approach to, 282
costs of, 213
defining problem of,280-281
drug-related, 188
ecological approach to, 282
examination/evaluation of, 285-289
central processing, 287-288
effector, 287
environmental, 289, 290t
etiological,286-288
functional, 288t, 288-289
patient history in, 286
sensory, 285-286
summary of. 285
fear of, to 1, 280
ambulation and, 295-296
functional approach to, 282
functional reserve and, 281
history of, 446-447
muscle fatigue and, 260
intervention for, 290-291
introduction to, 280
mortality from, 280
during movements from supine to
sitting/standing, 309
physiological approach to, 282
and postural control theory, 282-285
age and, 284--285
model for, 285
physiology of balance in, 282-284
preventing, 213
in frail, institutionalized elders, 451
risk factors for, 281, 285,297,299,301-302
Family
assessment of, 408
elders' roles in, 5-7
multigenerational,6-7
quality of life and, 24
Family care homes, populations served by, 476
Fatigue; see also Muscle fatigue
defined, 259
drug-related, 188
versus endurance, 259
FDA; see Food and Drug Administration
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Feedback
in balance assessment, 287
balance control and, 283
Feedforward
in balance assessment, 287-288
defined,283
Femoral condyle, articular surface of, 63, 63
Fibrillation, articular, 63, 63
Flexibility
improving, in well elderly, 457
loss of, overuse injuries and, 467
Flexible ankle foot orthosis, characteristics and
indications, 320, 321
Floor coverings, selection of, 144
Fluoroquinolones, generidtrade names
for,200t
Fluoxetine for depression, 190
Fleximetry, laser Doppler, for evaluating pressure
ulcer risk, 385
Food, insensitive, plantar ulcer fonnation and,
386
Food and Drug Administration, drug testing by,
186
Food Guide Pyramid, 177
Foot
biomechanics of, 386
pain in, case study, 471-472
vasodilation of, treating low back for, 393
Force
active versus passive, 57
elastogenic, 61
myogenic, 58
reduce ability to generate, internal torque and,
69-70
Force transducer tests for well elderly, 461
Forced expiratory volume, test descriptor and
change with age, 23lt
Forced vital capacity, test descriptor and change
with age, 231t
Forefoot, impaired posture of, 321
Forgetfulness; see also Memory loss
in Alzheimer's disease, 154
benign senescent, 151
Fovea, function of, 88
Fractures; see specific fractures
Frail, institutionalized elder, 445-454
case study, 451-453
examination, 446-449
patient history in, 446-447
systems review in, 447
tests and measures in, 447-449
interventions for, 449-451
components of, 449
direct, 450-451
patient-related instruction, 449-450
introduction, 445
profile of, 445-446
secondary prevention for, 451
summary, 453
Framingham Heart Study, 79
on stroke, mortality, and disability, 11
Frank-Starling relationship, 34
Free radicals, aging and, 30-31
Functional assessment, 123-l33
of ADLs, 127
components of, 126-127
gender bias in, 125-126

INDEX

Functional assessment--cont'd
instruments for, l30-l32
Functional Independence Measure, 130-131
Katz Index of Activities of Daily Living, 130
Minimum Data Sheet for Nursing Home
Resident Assessment and Care Screening,
l31-132
OARS Multidimensional Functional Assess
ment Questionnaire, 131
Outcome and Assessment Information Set,
132
Philadelphia Geriatric Center Multilevel As
sessment Instrument, 131
measurement parameters for, 129
methodological issues in, 127-129
clinical utility, 128-129
reliability, 127-128
validity, 128
of mobility, 127
modes of, 129-130
of reactional activities, 127
social expectations and, 125-126
in well elderly, 460-461
of work performance, 127
Functional Independence Measure, 130-131
Functional limitations, 10-11, 124-126
in community-dwelling elders, 124, 124-125,
125
epidemiological studies of, 124
falls risk and, 291
gait impairment and, 303-304
in institutionalized elders, 126, 126t
in Nagi's model of health status, 115-116
Functional orthosis, 316-317
Functional Outcome Assessment Grid, 479t,
479-480
Functional perfonnance threshold, 31-33
aging and, 31-32,32, 33t
defined,31
skeletal muscle and, 32, 33t
Functional reserve, falls and, 281
Functional residual capacity, 228, 228t, 229
aging and, 230-231
test descriptor and change with age, 231t
Functional status
Functional Independence Measure of, 130-131
versus impairment, 117,117
Functional Status Questionnaire, 237
Functional training, 211-225
for amputee, 219,219-220,220
with carpal tunnel syndrome/rheumatoid
arthritis, 220, 220, 221
case studies, 217-222
amputee, 219, 219-220,220
carpal tunnel syndrome/rheumatoid arthri
tis, 220, 221
lung malignancy, 221, 222
renal failure, 221, 221
total knee joint replacement, 2171; 217-219,
218t
general considerations, 211-212
for keeping people at home, 213-215
with lung malignancy, 221,222
mobility in community and, 215-217
for patient returning to home, 212-213
with renal failure, 221,221
summary of, 223

Functional training--cont'd
team approach to, 211-212
with total knee joint replacement, 217t,
217-219,218t
Furniture, selection of, 144

G
Gag clauses, 435
Gait; see also Ambulation; Walking
amputation and, 328
assessment of
with developmental disabilities, 480
in well elderly, 461
changesin,69,102
control characteristics and, 296
impairments of, 303-304, 318
measurement of, 297-298
normal, 317-318
pelvic rotation during, 308
review of, 317-318
speed of, 296, 449
unsteady, case study, 310-311, 311
Gas exchange, 227-228
aging and, 232
impaired, case study of, 241-242
Gastrointestinal disorders, drugs for, 198
Gastrointestinal tract
adverse drug reactions affecting, 187
drug absorption and, 184-185
Gender
ambulation differences and, 297
depression and, 165
disability and, 13
Genes, pre-programmed regulation of, 31
Genetics, life span and, 30
Geriatric Depression Scale, 163, 163t
Get-up-and-go test, 272, 288
Glenohumeral joint
abduction of, 57, 58, 67,68
adduction of, 67
Glial cells, function of, 103
Globulin, evaluation of, 179
Glucocorticoids, impacts on physical therapy,
194-195
Glucose intolerance, aerobic exercise and, 50-51
Glucose tolerance
age-related changes in, 48
aging and, 247-248
Glycosarninoglycans, acid, 60
Glycosides, digitalis; see Digitalis glycosides
Glycosylation theory of aging, 31
Goals, unrealistic, 22
Goffman, Erving, 432
Gold compounds, generidtrade
names, 193t
Grandparents, role of, 7
Graphic Rating Scale, 354, 354
Grasp, prosthetic use and, 330
Gravity. center of; see Center of gravity
Grief, symptoms and phases of, 25
Grip strength endurance
measurement of. 259
in younger versus older adults, 260, 260-261
Guide to Physical Therapist Practice, 118-121
diagnosis in, 120
evaluation in, 119-120
examination in, 118-119
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Guide to Physical Therapist Practice-cont'd
intervention in, 120-121
prognosis and treatment planning in, 120
Guidelines for Professional Conduct of the Amer
ican Physical Therapy Association, 433
Gustatory system, changes in, 91
Gyral atrophy, 80-81

H
Habit versus capacity, 129
Half-life, drug, 185
Hand, function of, prosthetic use and, 330-331
Handicap, 117
HBO; see Hyperbaric oxygen
HCFA; see Health Care Financing Administration
Headache
conditions associated with, 351
postural changes and, 271
Health
defined, 113-114,114
versus illness, 114
Health care
care model of,401
cure model of, 401
life expectancy and, 8
managed
effects of, 427
ethical dilemmas in, 433
preventive, lack of insurance coverage for, 424
Health Care Financing Administration, 417, 418
LTC facility assessment by, 438
Health care settings
reasons for placement in, 212
reirobursement methods for, 421-423
acute care, 421-422
home health, 422-423
hospice care, 423
inpatient rehabilitation, 422
nursing home/chronic care, 423
outpatient rehabilitation, 422
retirement communities, 423
skilled nursing facilities, 422
transitional,212
Health care system, federal, reform of, 417
Health insurance; see Insurance programs; Reiro
bursement; specific types
Health maintenance organizations
coverage by, 419
variations in, 417
Health plans, prepaid, coverage by, 419
Health status, 113-122
clinical diagnosis and, 117-118
concept of, 113-117
iropairment versus functional status
in, 117
Nagi's model of, 114, 114-117
patient management and, 118-121
Hearing, changes in
driving and, 146
environmental adaptations to, 135t
Hearing aids
limitations of, 141
satisfaction with, 90
Hearing loss
communication and, 18
conductive, 18, 140
incidence of, 89

Hearing loss-cont'd
learning and, 407
sensorineural, 140-141
Heart; see also cardiovascular entries
electrical conduction in, changes in, 39, 39
structural changes in, 36--37
Heart disease; see also Congestive heart failure;
Coronary artery disease
endurance training and, 250-251
Heart failure; see Congestive heart failure
Heart mass, changes in, 36--37
Heart murmurs, aging and, 37
Heart rate
age-related decline in, 246
cardiac output and, 233
as determinant ofVo,max, 246
during endurance training, 249t
during exercise, 42
exercise intensity and, 252,253
factors affecting, 35
maximal, factors influencing, 246
oxygen demand and, 234
physiological changes in, 39-40
prosthesis use and, 329
resting, 39-40, 40
Heat
low back, for vasodilation of feet, 393
therapeutic, in pain management, 361, 36lt,
364-365
Height, decreases in, 266
Helplessness
learned, case study, 411-412
versus perceived control, 21-22
Heparin, impacts for physical therapy, 198
Herpes viruses, drugs for, 200t
Heterocyclic antidepressants, 166, 166t
High-density lipoproteins, 172
High-voltage pulsed stimulation for pressure ul
cers,389
Hip
arthritis of, in older athlete, 468
healthy versus arthritic, 72, 72
increased flexion at, 329-330
reduced extension of, 69, 70
Hip fracture, 101
disability and, 11
·functional status and, 65
walking speed after, 294
Hispanics
economic status of, 7
elderly, 4
life expectancy for, 8
living arrangements of, 4
in nursing homes,S
HMOs; see Health maintenance organizations
Hold relax active motion, indications for, 306
Home
assessment of, 213
for falls risk, 289, 290t
modifications of, 214, 289
for promoting ambulation, 302
remaining in
with care-giver, 214
without care-giver, 214-215
returning to, 212-213
Home health care, reirobursement for, 422-423
Homebound, Medicare definition of, 422-423

Homeostasis, aging and, 30
Hope, maintaining, 26
Hopelessness versus perceived control, 21-22
Hormonal agents, 198-200
for diabetes, 199-200
for estrogen replacement, 199
general strategy for, 198-199
indications, generic/trade names, 199t
for thyroid disorders, 200
Hormone replacement therapy, stress inconti
nence and, 343
Hormones, antineoplastic, generic/trade names
for,202t
Hospice care
reimbursement for, 423
services of, 214
Hospital, Medicare coverage of, 418
HRAM; see Hold relax active motion
Human immunodeficiency virus, drugs
for,2oot
Humanist learning theory, 398
Humor, communication and, 20
HVPS; see High-voltage pulsed stimulation
Hyaline cartilage
age-related changes in, 63, 63-65,64
structure and function of, 62-63
Hydantoins for seizures, 192t
Hydrotherapy for large-joint rehabilitation, 471
Hyperbaric oxygen
for chronic venous insufficiency, 383
for wound healing, 38lt, 392-393
Hyperinsulinemia, aging and, 247-248
Hypermetria, 100
Hypertension
arteriosclerosis obliterans, 379
drugs for, 197
exercise and, 360
postural changes and, 271
systolic, 41
venous, 383
Hyperthermia in diagnosis of dyspnea, 174
Hyperthyroidism, management of, 200
Hypoglycemic agents, indications, generidtrade
names, 199t
Hypokinesis, case study of, 275-276
Hyponatremia in SlADH, 178
Hyposmia, characteristics and causes, 91
Hypotension
in evaluation of dizziness, 175
orthostatic; see Orthostatic hypotension
postural changes and, 271
Hypotheticodeductive strategy, 118
Hypothyroidism, management of, 200

I
Illness; see also Disease
depression and, 165-166
versus health, 114
terminal, communication and, 25-26
Illumination, visual changes and, 137, 138
Imagery in pain management, 370
Immobilization in pain management, 359
Immunizations for ventilatory health, 241
Impairment
age- versus disease-related, 301
classification of, 117
defined, 114-115
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Impairment--cont'd
versus functional status, 117, 117
in Nagi's model of health status, 114--115
Impingement syndrome, 68
in older athlete, 468-469
Inappropriate secretion of antidiuretic hormone,
178
Incontinence
stress; see Stress incontinence
urinary; see Urinary incontinence
Independence, assessment of, 129
Independent choice model, 23, 24t
Infants, improved care of, 8
Infection
evaluation of, 175-176
pulmonary, 235
treatment of, 200-201
with antibacterial agents, 200t, 200-201
with antiviral agents, 2oot, 201
Inflammation, drug therapy for, 193t, 193-195
Influenza A, drugs for, 200t
Information processing, patient's method of,
406-407
Informed consent, 434-435
APTA documents and, 435
Injuries
exercise and, 52, 253-254
in older athletes, 467
overuse, in older athletes, 467-468
preventing, 213
in older athlete, 469
traffic-related,216
Insomnia, benzodiazepines for, 189
Institutions, autonomy in, 432
Instrumental activities of daily living, 127
assistance for, 213-214
cardiovascular functional capacity and, 245
functional activities in, 211
Insulin
for diabetes, 199
indications, generidtrade names, 199t
Insulin resistance
age-related changes in, 48
development of, 247-248
Insurance programs, 417--420; see also Reim
bursement
Medicaid, 419--420
Medicare, 418t, 418--419
prepaid health plans, 419
private, 420
for prosthetics, 334
supplemental,420
Integument; see also Skin
impaired, orthotic management of, 321
Integumentary system, assessment of, for orthotic
needs, 319
Intelligence
deterioration in, 151-152
fluid versus crystal, 152
Intelligence quotient, age-graded, 152
Interferons, antineoplastic, generic/trade names
for,202t
Intermediate care facilities, populations served
by,476
Intermittent claudication from ASO, 379
Intermolecular cross-bridging, 60
Internal consistency, 127-128

INDEX

International Classification of Impairments, Dis
eases and Handicaps, 117
Interpersonal model of depression, 163
Interventions
components of, 449
guidelines for, 120-121
patient-related instruction for frail, institution
alized elderly, 449--450
program assistance, 213-214
for remaining at home, 213-215
with care-giver, 214
without care-giver, 214--215
short- versus long-term, factors affecting, 212
technological, 214
Iodide, 200
IQ, age-graded, 152
Isokinetic testing
ofknee,262,263,263t
in weiI elderly, 460
Isometrics, alternating, for postural stability, 307

J
Jogging, endurance training and, 250
Joints
connective tissue of; see Connective tissue
decreased mobility of, 67--69
kinematics of, 57
kinetic considerations, 57-58, 69-75
external torque, 72-75
internal torque, 69-72
limited motion of, 305-306
mechanics of, 67
mobility of, posture and, 69, 70
orthotic, characteristics of, 316
reduced angular velocity of, 66
stability of, posture and positions of, 58-59
torque of, 58
Joint pain in older athletes, 467
Joint position sense, changes in, 94
Joint range of motion; see Range of motion
Joint reaction force, 58, 59
Justice, professional obligation for, 430

K
Kant, Immanuel,428
Katz Index of Activities of Daily Living, 130
Kennedy-Kassenbaum BiIl,420
Kidney
aging and, 342
changes in, drug excretion and, 185
Kinematics
bone and joint, 57
defined,57
Kinesthesia, assessment of, for orthotic needs,
319
Kinetics
bone,57-58
defined,57
joint, 57-58,69-75
external torque, 72-75
internal torque, 69-72
Klein Bell Activities Scale, 237
Knee
arthritis of
disability and, 12-13
in older athlete, 468
increased flexion at, 329-330

Knee ankle foot orthosis, characteristics and indi
cations, 322, 322
Knee ankle orthosis, characteristics and indica
tions, 321
Knee extension, changes in, 104
Knee flexion in stance, gait impairment and, 318
Knee joint replacement, case study, 217t,
217-219,218t
Knee orthosis, characteristics and indications,
320-321,322,322
Kyphosis
case study, 463--464
senile, 72, 73, 73-75
ventilatory impairment and, 234

L
Laboratory tests
types of, 178-180
values for, 178t
Language, ageist, 21
Language barriers, learning and, 404-405
Laser Doppler fluxmetry for evaluating pressure
ulcer risk, 385
Laxatives, types and concerns, 198
L-Dopa; see Levodopa
Lean body mass, endurance training and, 248
Lean muscle mass, activities of daily living and,
261
Learned helplessness, case study, 411--412
Learned-helplessness model of depression, 163
Learning; see also Patient education
assessment of, 409--410
checklist in, 410
contract in, 409
return demonstration in, 410
self-report in, 409--410
for therapist, 410
versus coguition, 405
defined,397-398
educationall cultural background and,
404-405
hearing changes and, 407
inattention and, case study, 410--411
motivation and, 401--405
motor changes and, 407
neurological aspects of, 407
patient's level of, 405--406
physiological aspects of, 407
readiness for, 400, 406
strategies for affecting, 404
styles of, 406-407
theories of, 397--400
visual changes and, 407
Legal issues, 434-438
elder abuse, 437
informed consent, 434-435
introduction, 427--428
for older workers, 438
patient restraints, 437--438
in patient self-determination, 435--437
Legislation for older adults with developmental
disabilities, 476
Levator ani, divisions of, 341
Levodopa
for Parkinson's disease, 88, 192
side effects of, 192
Life, quality of; see Quality of life

INDEX

Life expectancy, 7-9, 8
active, 9, 9-10
active versus dependent, 9, 9-10
average, 226
calculation of, 7
medical advances and, 8
racial differences in, 8
Life span
heritability of, 30
posture through, 265-270
schematic of, 10, 10
Life-style
aging and, 30
sedentary, 294
altering effects of, 301
walking speed and, 300-301
Ligaments
age-related changes in, 62
spinal, 267,268
structure and function of, 60
Lighting, appropriate, 143
Lipofuscin
characteristics and effects of, 86
defined,37
Lipoproteins
high-density,l72
low-density, 172
Literacy, deficient skills in, 404
Lithium
drug therapy case study, 203-204
for manic depression, 190
Liver, changes in, drug metabolism and, 185
Liver function tests, 178-179
Living space, environmental design of, 143
Living will, 436
failure to execute, 437
Locomotion; see also Ambulation; Movement
assessment of, with developmental disabilities,
480
changes in, 102
skill impairment in, interventions for, 309-310
Locus coereius, neuronal loss in, 84
Locus of control, defined, 399
Long-term-care facilities
diagnostic categories in, 445
Health Care Financing Administration survey
of,438
informed consent and, 435
insurance for, 420
resident profile, 445-446
self-determination and, 435-436
Low-density lipoproteins, 172
Lower extremity; see also Ankle; Hip; Knee
controlled mobility of, 319
orthotics for; see Orthotics, lower extremity
range of motion in, 319
skililevei of, 319-320
stability of, 319
Lower limb, prosthetic requirements for; see
Prosthetics, lower limb
Lumbosacral spine, degenerative disease of, case
study of, 277
Lungs
aging of, 228-229
air trapping in, 236
alterations with aging, 229-230
development of, 227-228

Lungs--cont'd
parenchyma of, impairment of, 235
pathology of, diagnosis and effects of, 235
Lung cancer
case study, 221, 222
diagnosis of, 236
Lung compliance, test descriptor and change with
age,231t
Lung disease, restrictive, osteoporosis and, 237
Lung function, physiological measures of, 231 t
Lung volumes, 228t
aging and, 229
measures of, 238
nomogram for calculating, 229,230
Lymphocytes, functions and evaluation of,
175-176

M
Macula lutea, function of, 88
Macular degeneration, age-related, 88-89
Maculopathy, age-related, 88-89
Maintenance care, defined, 420
Major depressive episode, criteria for, 162
Malnutrition
characteristics of, 176--177
risk factors for, 177
Malpractice, informed consent and, 434
Managed health care
effects of, 427
ethical dilemmas in, 433
Mania, pain perception in, 356
Manic-depression, drug therapy for, 190
Manipulation, skill impairment in, interventions
for, 309-310
Manual muscle testing in well elderly, 459
MAO inhibitors, generic/trade names, 189t
Marital status
of elderly, 4
life expectancy and, 9
Maslow, Abraham, 399
needs hierarchy of, 402
Master clock theory of aging, 31
Maximal expiratory pressure
measures of, 238
test descriptor and change with age, 231 t
Maximal inspiratory pressure
measures of, 238
test descriptor and change with age, 231 t
Maximal voluntary ventilation, test descriptor
and change with age, 231t
Maximum expiratory pressure, and measurement
of ventilatory muscle strength, 239
Maximum inspiratory pressure, and measure
ment of ventilatory muscle
strength, 239
Maximum sustained ventilatory capacity, 229
Maximum voluntary contraction, measuring,
260,260
Maximum voluntary ventilation, 229, 236
McGill Pain Questionnaire, 354
Meals on Wheels, 2l3-214
Mechanoreceptors, increasing activity of, 358
Medicaid
versus Medicare, 420
programs integrating, 424
provisions of, 419-420
spending cuts in, 417
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Medical equipment, durable, 418
Medical savings account, 418
Medicap policies, 420
Medicare, 418t, 418-419
benefits of, 418t
diagnosis-related groups of, 419
documentation requirements for,
420-421
escalating costs of, 419
exclusions of, 420, 421
homebound definition of, 422-423
hospice coverage of, 423
versus Medicaid, 420
Part A of, 418, 419
Part B of, 418, 419
Part C of, 418
programs integrating, 424
spending cuts in, 417
Medicare + Choice Program, 418
Medications; see also Drugs; Drug therapy; spe
cific drugs
ototoxic, 90
pain; see Pain medications; specific medica
tions
review of, 172
Meissner's corpuscles
changes in, 91, 92
degenerative changes in, 142
Memory loss; see also Forgetfulness
aging and, 151,405,407
experiments with, 88
myths about, 151
normal, 151
types of, 151
working, 152
Men
as care-givers, 6
life expectancy of, 7-8
Menopause
bone loss after, 65, 266
coronary artery disease and, 248
Mental retardation, case studies, 482-483
Metabolism
aging changes in, 29, 29t
drug, 185
endurance training and, 247-248
Metatarsal bar, characteristics and indications,
320
Methimazole, 200
Metoprolol, cardiac effects of, 196
Micturition; see also Urination
physiology of, 341-342
Mill, John Stuart, 428
Mini-Mental Status Examination, 156,333
Minimum Data Sheet for Nursing Home Resi
dent Assessment and Care Screening,
l31-l32
Minnesota Mental State Exam, executive function
measured by, 152
Minorities
disability and, l3
elderly among, 4
in nursing homes, 5
Minute ventilation, 233
formula for, 227
MNCV; see Motor nerve conduction
velocity
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Mobility; see also Ambulation; Walking
aids to, 215
in community, 215-217
driving and, 216-217
for pedestrian, 215--216, 216t
transportation and, 216
controlled, interventions for, 307-308
defined, 319
functional assessment of, 127
impaired, orthotic management of, 320-321,
322-323
tests of, for orthotic needs, 319
Moment arm
external,72
internal, 57, 58
change in length of, 71, 71-72, 72
Monoamine oxidase in pain perception, 356
Monoamine oxidase inhibitors, 166, 166t,
189-190
Monocytes
evaluation of, 176t
functions of, 175
Mood Disorder Due to a Medical Disorder with
Depressive Features, 162
Morbidity,9-13
active life expectancy and, 9, 9-10
comorbidity and function and, 12, 12-13
disease/disability and, 11-12
functionallirnitations and, 10-11
prevalent chronic conditions and, 10
psychosocial factors and function and, 13
utilization of services and, 13, 14
Mortality, 7-9,8
marital status and, 9
predictors of, 8
socioeconomic status and, 9
stroke and, 11
Motivation
defined, 402
learning and, 401-405
prosthesis use and,333
Motor control; see also Sensorimotor changes
problems in, 300
Purkinje fibers in, 84
theories of, 79
Motor evoked potentials, assessment with, 99
Motor function
assessing, 447-448
for orthotic needs, 319
with developmental disabilities, 479
Motor nerve conduction velocity, changes in, 96
Motor neurons
age-related changes in, 46
alpha, 44, 45
loss of, 96, 98-99
Motor time, assessment of, 100
Motor unit
altered remodeling of, 46
changes in, 97
defined,95
discharge properties of, 97-98
mechanical properties of,97
numbers and size, 45-46
Motor unit action potential, increased, 97
Movement; see also Ambulation
age-related changes in, 79
capacity for, 300-301
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Movement--cont'd
control of, ambulation and, 299, 299-300
functional, changes in, 102-103
impaired
classification of, 305-310
controlled mobility and, 307-308
in initiation of active movement, 306
muscle stability and, 306-307
passive range of motion and, 305--306
at skill level, 309-310
at static-dynamic level, 308-309
at strength and endurance level, 310
initiation of, 306
speed of, in well elderly, 460
timing of, 309
voluntary
changes in, 100-103,270
organization of, 100-101
posturelbalance, 101-102
MSA; sec Medical savings account
Mucous glands, hypertrophy of, 235
Muscle; see also specific muscles
aging of, postural effects of, 269-270,270
agonist versus antagonist, 58
assessment of, for orthotic needs, 319
atrophy of, 95
cross-sectional area of, 95--96
pelvic, 341, 341
assessing strength of, 344
stability of
in ambulation impairment, 306-307
defined,306
tightness of, arnbulation impairment and, 305
ventilatory, 228
strength/endurance conditioning of,
239-240
Muscle conditioning; see Conditioning
Muscle contraction
concentric versus eccentric, 52
energy source for, 44
lengthening duration of, 306-307
maintenance of, 306
speed of, 44
Muscle endurance
in ambulation impairment, 310
in balance assessment, 287
defined,259
evaluation of, 300
factors influencing, 259-260, 262
improving, 259,262,306
interventions for, 310
tests and measures for, 262
in well elderly, 460
in younger versus older adults,
260-261,261
Muscle fatigue, 259-264
assessing, 229
case study, 262-264, 263, 263t
causes of, 259
defined, 259
factors influencing, 261-262
aerobic conditioning, 261-262, 262t
muscle strength, 261
versus muscle endurance, 259
susceptibility to, 260,260
symptoms of, 259
tests and measures for, 262

Muscle fibers
atrophy of, 66
changes in number and size, 45
fast -twitch, loss of, 98
hypertrophy of, 49
loss of, 95
mutability of, 103-104
slow-twitch, predominance of, 97
types of, 44, 45
Muscle mass
decreased, 456
lean, activities of daily living and, 261
loss of, 29
reductions in, 45, 45
Muscle performance, age-related changes in, 47,
47-48
in blood flow and capillarity, 48
in enzyme activity, 48
in glucose uptake, 48
in power and endurance, 47-48
in strength, 47, 47
in velocity, 48
Muscle soreness, delayed onset, 467
Muscle strength; see also Strength training
in ambulation impairment, 310
in balance assessment, 287
changes in, 95--96
decreased, 456
fatigue and, 261
increasing, in well elderly, 456-457
interventions for, 310
pelvic; see Pelvic muscles
postural changes and, 274-275
ventilatory, 228, 229
walking programs and, 301
in well elderly, 459
Muscle testing, manual, in well elderly, 459
Muscle weakness, assessing, 447
Musculoskeletal system
ambulatory impairment and, 299, 299
changes in, 98-99
Mutability, muscle fiber, 103-104
Myelin, loss of, 84, 85, 86
Myocardium
amyloid in, 37
changes in, 38
subcellular changes in, 37
Myocytes, changes in, 37
Myoexorciser III, 347
Myogenic forces, 58
Myosin, function of, 44
Myosin adenosine triphosphatase, reduced, 269
Myosin heavy chains, composition of, 95

N
Nagi's model of health status, 114,114-117
disability in, 116-117
disease in, 114
functionallimitations in, 115-116
impairment in, 114-115
Narcotic analgesics, generic/trade names, 193t
National health insurance; see Medicaid;
Medicare
National Health Interview Survey, Supplement on
Aging of, 124
National Long Term Care Surveys, 124
National Medical Expenditure Survey, 124
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National Nursing Horne Survey, 124
Needs, defined, 399
Nervous system
age- versus comorbid changes in. 270
ambulatory impairment and, 298, 298
Neurobiological model of depression, 163-164
Neurofibrillary tangle, characteristics and effects
of,86
Neurological agents, 192t, 192-193
for Parkinson's disease, 192t, 192-193
for seizures, 192t, 193
Neurological status, assessment of, 94
Neuromuscular function, changes in, 94--99
Neuromuscular junction, 44
degeneration of, 96
function of, 46
Neuromusculoskeletal system in posture and bal
ance, 102
Neurons
cortical
impairment of, 86
loss of, 83-84
death of, compromised CBF and, 83
motor; see Motor neuron's
subcortical, loss of, 84
types of, 86, 87
Neuropathic plantar ulcers. 386--388
epidemiology of, 386
etiology of, 386--387
interventions for. 388
signs and symptoms of. 387
tests for, 387, 387-388
treatment of, 388
Neuropathy
autonomic, plantar ulcer formation and.
386--387
peripheral; see Peripheral neuropathy
Neurotransmitters
in pain modulation, 355
primary. 87
summary of. 88
Neutrophils, functions and evaluation of. 175
NFT; see Neurofibrillary tangle
Nitrates, organic
impact on physical therapy, 196
indications, generic/trade names. 195t
Nitroglycerin for angina, 196
NMJ; see Neuromuscular junction
Nociceptors
decreasing activity of, 358
pain modulation and. 355-356. 356
Noise. background, minimizing. 141
Noncompliance, drug reactions and. 186--187
Nonmaleficence
autonomy and, 431
ethics and. 428
Nonsteroidal antiinflammatory drugs
generic/trade names, 193t
impact on physical therapy, 194
Norepinephrine
function of, 103
in pain modulation, 355
Normal timing for improving locomotion/ma
nipulation skills, 310
Norton Scale, 385
NSAID; see Nonsteroidal antiinflammatory drugs
NT; see Normal timing

Nucleus pulposus, 267.267
Numeric Rating Scale, 353-354
Nursing facilities, skilled, 421
reimbursement for, 422
Nursing Horne Reform Act, requirements of, 438
Nursing homes
autonomy in, 431
average costs of, 420
disabilities of residents, 12
expected need for, 424
insurance for, 420, 423
lack of coverage for, 424
percentage of elderly in, 5, 6
performance of ADts in, 126, 126t
safety in, 144
sex distribution in, 5, (5
Nutrition for ventilatory health, 241
Nutrition Screening Initiative, 177
Nutritional risk screening, 177, 177t

o
OARS Multidimensional Functional Assessment
Questionnaire. 131
OASIS; see Outcome and Assessment Information
Set
Obesity, abdominal, risks of, 248
OBRA; see Omnibus Budget Reconciliation Act of
1987
Observation, direct, 129-130
Ocular motor system, changes in, 89
Older American Act Amendments, 476
Older American Resources and Services Multidi
mensional Functional Assessment Ques
tionnaire, 131
Older Workers Benefit Protection Act, 438
Olfactory system, changes in, 91
Omnibus Budget Reconciliation Act, 476
Omnibus Budget Reconciliation Act of 1987,131
Nursing Horne Reform Act in. 438
Omnibus Budget Reconciliation Act of 1990, ad
vance directives in, 436
One-legged standing test, 448
One-Mile Walk Test, 253
One-repetition maximum, 49
for well elderly, 461
Opioid analgesics, impacts on physical therapy,
194
Orion biofeedback system. 347
Orthoses
components of. 316
defined,316
dynamic, 317
flexible ankle foot, characteristics and indica
tions. 320, 321
functional, 316--317
functions of, 316--317
knee, characteristics and indications, 320--321,
322
knee ankle, characteristics and indications, 321
knee ankle foot, characteristics and indica
tions,322
resting, 316
rigid foot. characteristics and indications, 321
soft foot, characteristics and indications, 320
solid ankle foot, characteristics and indica
tions.321-322

Orthoses--cont'd
static, 317
weight-bearing, 317
Orthostatic hypotension
from antipsychotics, 191
causes of. 196
drug-related,187-188
Orthotics
defined, 316
lower extremity, 316--326
case studies, 322-325
evaluation for, 319-320
examination for, 318-319
functions of, 316--317
gait review and, 317-318
management of. 320-322
shoes, 317,317
terminology for, 316
in pain management, 359
Osteoarthritis; see also Arthritis
concept of, 114
fibrillated cartilage and, 64
of hip, 72, 72
knee. disability and, 11-12, 12-13
pain management for, 360
Osteoporosis
case study of, 276
exercise and, 360
medical impact of. 65
ventilatory function and, 237
Otosclerosis, 140
Ototoxicity, medication-related, 90
Outcome and Assessment Information
Set, 132, 422
Outpatient care
follow-up to, 212
reimbursement for, 422
Overuse injuries in older athletes, 467-468
Oximetry, 237
Oxygen
arterial levels of, 232
arteriovenous difference in. 247
calculating maximum consumption
of,233
hyperbaric; see Hyperbaric oxygen
maximum consumption of; see V02InaX
Oxygen consumption
steady-state measures of, 32
walking speed and, 297
Oxygen delivery, aging and. 233
Oxygen demand
aging and, 234
increased, cardiovascular/pulmonary response
to, 234
Oxygen tension difference, arteriovenous. re
duced,233-234
Oxygen uptake
aging and, 233-234
cellular. 233--234
impaired, 234

p
PACE; see Program of All-Inclusive Care for the
Elderly
Paced breathing, 239
Pacemaker cells, 179
decrease in, 39
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Pacemakers, demand-type, as contraindication to
TENS, 368
Padnian corpuscles, changes in, 91
Pain
acute versus chronic, 355
aging process and, 355-356
atypical presentation of, 351
classification of, 355
conditions associated with, 351
defined, 352
denial of, 352
depression and, 165
drug therapy for, 193t, 193-195
evaluation of, 352-355
e~rcise-induced, 253-254
incidence of, 351-352
joint, in older athletes, 467
mechanisms for modulating, 355-356, 356
patient history and, 352-353
prevalence versus reports of, 352
qualities of, 355
signs and symptoms of, 353
theoretical basis for, 355-356
thresholds for, 93
tools for assessing, 353-355, 354
Pain Estimate, 353-354
Pain management, 351-375
case studies, 370-372
evaluation in, 352-355
for intensity, 353-355, 354
physical exam in, 353
physical function in, 353
introduction, 351
placebo treatment of, 358-359
strategies for, 356-370
by age group, 357
assistive devices/orthotics, 359
contraindications to, 357
establishing effectiveness of, 357,
357-359
exercise, 359-360
overview of, 357,358
psycho educational, 369-370
safety precautions for, 357
TENS, 365, 365t, 366t-367t, 368-369
thermal agents, 360-361, 361t, 362t-364t,
364-365
summary, 372
Pain medications, evaluation of, 353
PaO" aging and, 232
Paralysis, ventilatory impairment and, 234
Paratransit, definition and eligibility
criteria, 216
Parkinson's disease
versus age-related changes, 270
dopamine in, 88
drug therapy case study, 203
falls risk and, 290-291
incidence of, 192
Parlodel; see Bromocriptine
Paroxetine for depression, 190
Parsons' sick role model, 400-401, 403
Passive forces, 57
Paternalism
versus autonomy, 431--432
defined, 401, 431
medical model and, 23

INDEX

Patient
clinical management of; see Clinical management
self-determination of, 435--437
terminally ill, communicating with, 25-26
Patient compliance
drug reactions and, 186-187
eliciting, 40 1--402
with exercise program, 52
Patient education, 397--413; see also Learning
about driving, 217
about drugs, 186-187
about pressure ulcers, 386
aging factors in, 405--408
care-givers and, 408--409
case studies, 410-413
goals of, 402--404
improving, 203
introduction, 397
learning assessment and, 409--410
learning theory and
adult orientation and, 399--400
behaviorist, 398
cognitive, 398
humanist, 398-399
perceptual, 399
social,399
motivation and, 401--405
in pain management, 369-370
summary of, 413
theories of, 397--400
therapist's perception of, 400-401
for wound healing, 381t
Patient management
diagnosis in, 120
evaluation in, 119-120
examination in, 118-119, 119
intervention in, 120-121
prognosis and treatment planning in, 120
schema for, 118-121
Patient restraints, legal issues in, 437-438
Patient rights, 430-431
Patient Self-Determination Act of 1990, 435
Patient -related instruction, 449--450
Pattern recognition, 118
Paxil; see Paroxetine
Payton, O. D., 402--403
Pedestrians
benchmarks for, 216t
fatalities of, 215
problems and assistance, 215-216
Pediatric Evaluation of Disability Inventory, 479,
479t
Peer Review Organizations, 418
Pelvic floor
anatomy of, 341, 341
examination of, in women, 343
Pelvic list, gait impairment and, 318
Pelvic muscles; see also Urinary incontinence
exercises for, 345t, 345-346, 349t
rehabilitation of
with biofeedback, 346-347,347
with electrical stimulation, 347
options for, 349t
with pelvic muscle exercises, 345t, 345-346
with weight training, 346
self-assessment of, 344
strength of, 344

Pelvic rotation, gait impairment and, 318
Penicillins, generic/trade names for, 200t
Perceptual learning theory, 398
Percutaneous transluminal angioplasty for arte
riosclerosis obliterans, 380
Performance Oriented Mobility Assessment, 288,
448
Pergolide for Parkinson's disease, 192
Perineometer, 346, 347
Peripheral nerves
changes in, 91, 96-97
conduction velocities, diameters, functions of,
91,93t
Peripheral nervous system, changes in, 91
Peripheral neuropathy, prosthetic use and,
330-331
Peripheral resistance
defined, 35
total, 35-36
Peripheral vascular disease
amputation due to, 327-328
impairment in, US
prosthetic use and, 331
wound healing and, 331-332
Permax; see Pergolide
Personality, changes in, 152
Pets, communication and, 20
Pfeiffer Short Portable Mental Status Question
naire, 156
Pharmacodynamics, 185-186
defined,185
Pharmacokinetics
absorption in, 184-185
defined, 184
distribution in, 185
excretion in, 185
metabolism in, 185
summary of, 184
Pharmacology, 182-208
introduction to, 182-183
patient profile for, 183-187
Phenothiazines, generic/trade names, 189t
Philadelphia collar in pain management, 359
Philadelphia Geriatric Center Multilevel Assess
ment Instrument, 131
Photoplethysmography, 382
Photo receptors, changes in, 89
Physical activity, reduced, effects of, 66
Physical Disability Index, 288
Physical examination, components of, 118-119,
119
Physical performance, measures of, 448
Physical Performance Test, 448
Physical restraints, legal aspects of, 437--438
Physical therapist, ethical standards for, 433--434
Physical therapy departments, environmental de
sign of, 144-145
Physician, decision making and, 23
Physiological changes, 28-55
ADLs and,29
aging theory and, 29-33
in body composition and metabolism,
29,29t
cardiovascular, 36--43
versus disease, 28
exercise interventions and, 51-52
skeletal muscle and, 44-51

503

INDEX

Physiological changes-cont'd
Power of attorney, durable, 436-437
PPS; see Prospective payment system
summary,53
VO,InaX and,43
Premotor time, assessment of, 100
Placebo in pain management, 358-359
Prepaid health plans, coverage by, 419
Plantar pressure
Presbyastasis, characteristics and causes, 90--91
decreasing, 388
Presbycusis
tests for, 387, 387-388
characteristics and causes, 90
communication and, 18
Plantar ulcers, neuropathic; see Neuropathic
plantar ulcers
environmental adaptations to, 140--141
Plaque, artherosclerotic, formation of, 379
types of, 140
Plasticity, 62
Presbyopia, causes of, 89
defined,103
Pressure ulcers, 383-386; see also Dermal
Plethysmography, strain gauge, 382
wounds; Ulcers; Wound healing
epidemiology of, 383-384
Pneumonia
etiology of, 384, 384-385
causes and symptoms of, 235
clinical presentation of, 174
evaluation of, 385
high-voltage pulsed stimulation for, 389
PO" aging and, 232
Polypharmacy
interventions for, 386
characteristics of, 183t, 183-184
risk factors for, 384-385, 385
prevention of, 184
signs and symptoms of, 385, 385
reasons for, 184
treatment of, 385
Presynaptic adrenergic depletors, indications,
side effects in, 183--184
POMA; see Performance Oriented Mobility As
generic/trade names, 195t
sessment
Prevention, focus on, 171-172
Postural hypotension; see Orthostatic hypotension
Preventive health care, lack of insurance coverage
Postural stability, interventions for, 307
for, 424
Postural Stress Test, 287
Privacy, right to, 430--431
Posture, 265--279
Program assistance, 213-214
in ambulation interventions, 303-304
Program of All-Inclusive Care for the Elderly, 424
ambulation-associated, 304
Progressive resistance exercise, 49
care plan for, 275-277
definition and benefits of, 51-52
case studies of, 275--277
Propranolol, cardiac effects of, 196
Proprioception
changes in, 101-102,266-270
case study, 270--271
ambulation and, 296
coping with, 275
ambulatory impairment and, 298-299
musculoskeletal, 266-270,267, 268, 269, 270
assessment of, for orthotic needs, 319
neurological, 270
balance and, 283
psychosocial, 270
changes in, 93-94
development of, 265--266
falls risk and, 290
deviations in
postural changes and, 272
lateral view of, 274
in posture and balance, 10 1
posterior view of, 274
Propylthiouracil, 200
diminished stability in, 308
PROs; see Peer Review Organizations
disturbances of, responses to, 283-284
Prospective Payment System, 419, 421, 422
Prosthesis
evaluation of,271, 271-272,272, 273, 274,
274-275
components of, 335
for alignment, 271-272
energy requirements for, 329
muscle strength in, 275
types of, 335t
respiratory function in, 272, 274-275
Prosthetics
tests in, 274
case studies, 336-337
impaired, of forefoot and rearfoot, 321
clinic team for, 332-333
introduction to, 265
costs of, 334
joint mobility and, 69, 70
delayed fitting for, 335-336
lateral view of, 273
design advances in, 328
midline/weight-bearing, 307
educational questionnaire for, 334
in patient with prosthesis, 329-330
functional levels for, 334
for promoting initiation of movement, 306
insurance guidelines for, 334-335
sensory-perceptual component of, 101-102
lower limb, 327-339
standing posterior view of, 271,273
introduction, 327
standing side view of, 272
materials for, 328
through life span, 265-270
physiological changes and, 328-332
traditional perception of, 265,266
cardiovascular, 328
weight-bearing, static-dynamic impairment
integumentary, 330--331
and,308-309
musculoskeletal, 328-329
of well elderly, 462
neuromuscular, 329-330
Poverty line for elderly, 7
prescription for, 335
Power, defined, 71
psychosocial implications of, 333-335

Prosthetics-cont'd
rehabilitation issues in, 335--336
summary of, 338
for transfemoral amputation, 336-337
for transtibial amputation, 337
Protein, evaluation of, 179
Prouc; see Fluoxetine
PSDA; see Patient Self-Determination Act of 1990
Pseudodementia, criteria for, 155, 164-165
Pseudoelastin, 267
Psychological factors
ambulation and, 295--296
in learning situation, 400--401
Psychosis, defined, 190
Psychosocial factors
disability and, 13
falls risk and, 289
in postural change, 270
prosthesis use and, 333-334
Psychotherapy for depression, 167
Psychotropic medications, impact on physical
therapy, 188, 189t
Pulmonary disease, chronic obstructive; see
Chronic obstructive pulmonary disease
Pulmonary function tests, 237-238
in diagnosis of dyspnea, 174
Pulmonary system; see also Cardiovascular
pulmonary system; Lungs; Respiration
increased oxygen demand and, 234
vital capacity of, 227
Pupillary responses, changes in, 89
Purkinje cells, loss of, 84
Pursed lip breathing, 239
PVD; see Peripheral vascular disease

Q
Quadriceps, assessment of, 95
Quadriceps torque in athletes versus sedentary
controls, 261, 262t
Quality of life
family and, 24
and fear of dying, 25
and grief and loss, 25
issues affecting, 24-25

R
Race
health status and, 13
life expectancy and, 8
Raloxifene, benefits of, 199
Range of motion
in ambulation impairment, 305--306
assessment of, for orthotic needs, 319
in balance assessment, 287
decreased, 58,67-69
lower extremity, 319
reduced, 66-67
from disease versus aging, 68-69
tests of, 447
Range of motion exercise
active, in pain management, 360
Medicare reimbursement for, 421
Reach test for well elderly, 462
Reaction time
assessment of, 99-100
in balance assessment, 288
changes in, 102
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Readiness, learning, 400, 406
Rearfoot, impaired posture of. 321
Recreation, functional assessment of, 127
Reflex incontinence, 342, 343t
Reflex testing, assessment with, 99
Rehabilitation
aging population and, 3-16
factors affecting, 33, 34
long-term, 213
inpatient, reimbursement for, 421-422
outpatient, reimbursement for, 422
prosthetics and, 335-336
short-term, factors affecting, 212-213
syndromes affecting, 176-178
dehydration, 177-178
failure to thrive, 176
malnutrition, 176-177
Reimbursement, 417-426; see also Insurance pro
grams
in acute care settings, 421-422
documentation requirements for, 420-421
for home health, 422-423
for hospice, 423
for inpatient rehabilitation, 422
insurance program complexity and, 423-424
integrated programs for, 424
introduction, 417
and lack of long-term-care coverage, 424
and need for integrated care, 424
new models of, 424-425
for nursing home/chronic care, 423
for outpatient rehabilitation, 422
potential state programs fur, 424
for retirement communities, 423
for skilled nursing facilities, 422
summary, 425
therapist's advocacy role and,424
through insurance programs, 417-420
Medicaid,419-420
Medicare, 418t, 418-419
prepaid health plans, 419
private, 420
supplemental, 420
Relationships, 5-7
Relaxation training in pain management,
369-370
Reliability
forms of, 127-128
intra-rater versus inter-rater, 128
Reminiscence, communicating through, 20
Renal failure
case study, 221, 221
in diagnosis of dyspnea, 173-174
Repolarization, drugs prolonging
cardiac effects of, 196
indications, generic/trade names, 195t
Reserve capacity, 227
Residences
community-based, for persons with develop
mental disabilities, 476
long-term care, environmental design of,
143-144
Resident Assessment Instrument, 131-132
Resident Assessment Protocols, 131-132
Residual volume
aging and, 229, 230-231
test descriptor and change with age, 23lt
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Resistance to change, 401
Resistance training
benefits of, 49
developing program for, 51
reversing decline with, 51
Resisted progression for improving locomotion/
manipulation skills, 310
Respiration; see also Ventilation
postural changes and, 272-273
Respiratory disorders
in diagnosis of dyspnea, 174
drugs for, 198
Respiratory pressure, maximal static, 228t
Respiratory rate, 227
in minute ventilation, 227
oxygen demand and, 234
pulmonary pathology and, 234
reduced, alveolar ventilation and, 239
Respiratory system, development of, 227-228
Responsibility, promoting, 22
Resting orthosis, 316
Restraints, patient, legal issues in, 437-438
Retardation, case studies, 482-483
Reticulocyte count in diagnosis of dyspnea, 173
Retinopathy, prosthetic use and, 330
Retirement communities
full-service life care, 424
reimbursement for, 423
Return demonstrations in assessing patient edu
cation, 410
Rheumatoid arthritis
case study, 220, 221
muscle fatigue and, case study of, 262-264,
263,263t
Rhythmic initiation, indications for, 306
Rhythmic stabilization for postural stability, 307
RI; see Rhythmic initiation
Rib cage, spinal stability and, 269
Rights
liberty versus entitlement, 430-431
patient, 430-431
Rigid foot orthosis, characteristics and indica
tions, 321
Risk factors, cardiac, 171-172
Rogers, Carl, 399, 402-403
Romberg test for well elderly, 461-462, 462
Rotator cuff injuries in older athlete, 468-469
RP; see Resisted progression
RR; see Respiratory rate
RS; see Rhythmic stabilization
Running, endurance training and, 250
Ryanodine receptor, age-related changes in, 47

S
Safety
in endurance training, 251t, 251-252, 252t
nursing home, 144
in pain management, 357
patient restraints and, 438
traffic, 216
SAILS; see Structured Assessment of Independent
Living Skills
Sandals, walking, for foot ulcers, 391
Sarcoplasmic reticulum
age-related changes in, 47
anatomy of, 44
Scales of Independent Behavior, 479, 479t

Scoliosis
rib cage in, 269
ventilatory impairment and, 234
Secretions, airway clearance of, 240
Sedation, drug-related, 187
Sedative-hypnotic agents
generic/trade names, 189t
impact on physical therapy, 188-189
Seizures, drug therapy for, 192t, 193
Selective serotonin reuptake inhibitors,
166, 166t
Selegiline for Parkinson's disease, 193
Self-concept
defined,399
older adult, 401
Self-determination
and durable power of attorney, 436-437
living wills and, 436
patient, 435-437
Self-esteem, self-concept and, 401
Self-reports, 130
in assessing patient education, 409-410
of depression, 162-163
Senile kyphosis, 72, 73, 73-75
Senility, defined, 150
Sensorimotor changes, 78-109
adaptation to, 103-104
auditory changes and, 89-90
autonomy and, 78
eNS neurochemical changes and, 87-88
cortical cell loss and, 83-87
introduction, 78-80
motor neuron loss and, 96
motor unit changes and, 97
motor unit discharge properties and, 97-98
muscular strength and, 95-96
neuroanatomical changes and, 80-83
neuromuscular changes and, 94-99
olfactory/gustatory changes and, 91
peripheral nerves and, 96-97
somatosensory changes and,91-94
spinal segmental pathways and, 98
testing of, 99-100
central efferent pathway, 99
reaction time, 99-100
reflex, 99
vestibular changes and, 90-91
visual changes and, 88--{19
in voluntary movement, 100-103
functional factors, 102-103
locomotion and gait, 102
organizational factors, 100-101
posture and balance, 101-102
Sensorimotor system, changes in, 66
Sensory changes
driving and, 145-147
environmental accommodation to; see Envi
ronmental design
stairs and, 145
visual, 135t, 135-140
in accommodation, 138-139
color and, 139
contrast and, 139, 139-140
in dark adaptation, 138
in depth perception, 140
glare and, 137-138
illumination and, 137, 138
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Sensory changes---cont'd
visual---cont'd
in visual acuity, 136, 136-137,137
in visual field, 135, 136
Sensory Integration Test, 286-287
Sensory losses, postural changes and, 272
Sensory nerve conduction, changes in, 97
SEP; see Somatosensory evoked potential
Serial sevens, 156
Serotonin in pain modulation, 355
Serotonin selective reuptake inhibitors, mecha
nism of action of, 190
Serotonin/norepinephrine reuptake inhibitors,
166, 166t
Sertraline for depression, 190
Serum creatinine, evaluation of, 178
Services, utilization of, disability and, 13, 14
Shear forces, pressure ulcers and, 384, 384
Shoes
orthosis fit and, 317
with rocker bottom, 320, 320
Shortened held resisted contractions, indications
for, 306-307
Shoulder
impingement syndrome in, 68
injury to, case study, 473-474
of older athlete, 468-469
reduced abduction of, 67-68
SHRC; see Shortened held resisted contractions
Sick role model, Parsons', 400-401, 403
Sick sinus syndrome, 39
Sight, loss of, communication and, 18
Sinoatrial node, 179
pacemaker cells of, 39
Skeletal muscle, 44-48
aerobic exercise and, 50-51
age-related changes in, 32, 33t
of performance, 47-48
structural,45-47
anatomy of, 44
during exercise, 35
function of, 44-45
structure and function of, 60-61
Skilled nursing facilities, 421
Medicare coverage of, 418
reimbursement for, 422
Skin; see also Dermal wounds; Integument;
Wound healing
with lower limb amputation, 332
pain threshold in, 93
prosthetic use and, 331-332
structure of, 61
Skin blood cell flux, defined, 385
Sleep disorders, benzodiazepines for, 189
Sleep patterns, communication and, 19
Sleeve, suspension, 330, 331
Slow reversal hold for controlled
mobility, 308
Smell, changes in, 91
environmental adaptations to, 135t, 142
Smoking; see Cigarette smoking
Smoking cessation for ventilatory health,
240-241
Snellen examination for assessing falls risk, 286,
286
SNF; see Skilled nursing facilities
Social learning theory, 398

Social Security Act
gender differences in, 7
Title 18 of, 418; see also Medicare
Title 19 of, 419; see also Medicaid
Socioeconomic status, depression and, 165
Sockets, prosthetic, 332
Sodium channel blocking agents
cardiac effects of, 196
indications, generic/trade names, 195t
Sodium imbalance, dehydration and, 178
Solid ankle foot orthosis, characteristics and indi
cations, 321-322
Somatosensation, balance and, 283
Somatosensory evoked potential, electrical stimu
lation of, 91-92
Somatosensory system
assessment of, for falls risk, 286
changes in, 91-94
anatomical,91
physiological, 91-94
SOMI; see Sternal-occipitomandibular immobi
lizer
Spatial acuity, assessment of, 92-93
Speech impairments, communication and, 18-19
Spinal cord, pain modulating mechanisms of,
355-356,356
Spinal segmental pa,thways, changes in, 98
Spine; see also specific regions of spine
age-related changes in, 266-269,267, 268, 269
articular cartilage in, 269
ligaments of, 267, 268
scoliotic, 269
during sitting, 267
stability of, 268-269
stiffness of, 269
Splints, walking, for wound healing, 390
SR; see Slow reversal
SRH; see Slow reversal hold
SSRIs; see Serotonin selective reuptake inhibitors
Stability
impaired
case study, 323-325
orthotic management of, 321-322
postural, interventions for, 307
Stabilization, rhythmic, for postural
stability, 307
Stair-climbing
after hip fracture, 301
characteristics of, 297
Stairs, environmental design of, 145
Stance
ankle dorsiflexion in, gait impairment and, 318
knee flexion in, gait impairment and, 318
unilateral, 308-309
Standing, biomechanics of, 69, 70
Stereotypes; see also Ageism
helplessness-engendering, 22
Sternal-occipitomandibular immobilizer in pain
management, 359
Stiffness
age-related,62
measurement of, 62
in periarticular connective tissue, 66, 67
Stochastic theories of aging, 30
Stockings for wound healing, 389-390
Strain, measurement of, 62
Strain gauge plethysmography, 382

Strength; see also Muscle strength
age-related changes in, 47, 47
defined,95
loss of, 95-96
Strength training; see also Muscle strength
aging and, 49-50
benefits of, 49
for frail, institutionalized elder, 450
in well elderly, 456-457
Stress
care-giver, 214
management of, for ventilatory health, 241
measurement of, 62
Stress incontinence, 342, 343t
case study, 348-349
during exercise, 250
in women, 342
Stretching, improper, 469
Striatum, neuronal loss in, 84
Stroke, mortality due to, 9, 11
Stroke volume
cardiac output and, 233
changes in, 40
defined,34,246
as determinant ofVo2 max 246-247
during exercise, 42
Structured Assessment of Independent Living
Skills, 156
Succinimides for seizures, 192t
Sudden death, definition and incidence, 52
Suffering, alleviating, 26
Sulfonamides, generic/trade names for, 200t
Supplemental insurance, 420
Supportive residencies, populations served by,
476
Supraspinatus muscle, injuries to, in older ath
lete, 469
Suspension sleeve, 330, 331
Symmetrel; see Amantadine
Sympatholytic agents for hypertension, 197
Sympatholytics, centrally acting, indications,
generic/trade names, 195t
Synaptic transmission, changes in, 96-97
Synaptogenesis, adult, 103
Syncope, evaluation of, 175
Synovitis, chronic, of hip, 72
Systems review, components of, 447
Systole, defined, 36

T
Tacrine for dementia, 191
Tai Chi Quan, falls risk and, 291
Tarasoff vs. Regents of the University of Califor
nia, 429
Taste, changes in, 91
environmental adaptations to, 135t,
141-142
Taste buds, decrease in, 141
TCC; see Total contact casting
TE; see Timing for emphasis
Team approach
to dermal wounds, 378
to functional challenges, 211-212
to plantar ulcer treatment, 388
to prosthetics, 332-333
Telehealth service, PT exclusion from, 425
Telomere theory of aging, 31
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Tendons
age-related changes in, 62
spinal, injuries to, 269
stress versus strain test on, 61, 61~2
structure and function of, 60
TENS; see Transcutaneous electrical nerve stimu
lation
Terminal illness, communication and, 25-26
Test of Mental Functions for the Elderly, 333
Tetracyclines, generic/trade names for, 200t
Texas Consent to Medical Treatment Act, 437
Thalamus, neuronal loss in, 84
Therapist, self-assessment questions for, 410
Thermal agents, 360-361, 361t, 362t-364t,
364-365
Thioxanthenes, generic/trade names, 189t
Thirst response, diminished, 178
Thoracic lumbosacral orthosis in pain rnanage
ment,359
Thoracic pump, aging and, 230-231, 231 t
Thorndike's Law of Exercise, 398
Thorndike's Law of Readiness, 398
Thyroid deficiency in diagnosis of dyspnea, 174
Thyroid disorders
evaluation of, 179
management of, 200
Thyroid hormones, indications, generic/trade
names, 199t
Thyrotoxicosis, symptoms of, 200
Thyroxine, 200
Tidal volume, 227
Timing for emphasis for improving muscle
strength/endurance, 310
Tinetti Test, 448
Tinnitus, postural changes and, 271
TLSO; see Thoracic lumbosacral orthosis
Torque
external,72-75
internal,69-72
joint, 58
Total contact casting
contraindications to, 391
for neuropathic ulcers, 388
for wound healing, 390-391
Total knee joint replacement, case study, 217t,
217-219,218t
Total lung capacity
aging and, 229,230
test descriptor and change with age, 23lt
Total peripheral resistance, 35-36
Touch
changes in, environmental adaptations to, 135t,
142
communication and, 20
without consent, 434
Trabeculae, loss in, 268
Traffic control, devices for, 215
Training; see Endurance training; Exercise
Transcutaneous electrical nerve stimulation
choosing mode of, 368-369
contraindications to, 368
equipment-based factors in, 368
for increasing vasodilation of feet, 393
modes of, 365, 365t
in pain management, 365, 365t, 366t-367t,
368-369
precautions for, 357

INDEX

Transducer tests, force, for well elderly, 461
Translation, defined, 57
Transportation
Americans with Disabilities Act and, 216
automobile, 216-217
pedestrian, 215-216
public, 216
types of, 216
Trauma, musculoskeletal, in older athletes, 467
Treadmill test, 252, 255
Treatment planning, guidelines for, 120
Tricyclic antidepressants, 166, 166t, 189-190
generic/trade names, 189t
Triiodothyronine, 200
Truthfulness, professional obligation for, 430
Tuberculosis, diagnosis of, 236
Tympanic membrane, perforation of, 140

u
Wcers; see also Dermal wounds; WO\l1ld healing
classification of, 377, 377t
neuropathic plantar; see Neuropathic plantar
ulcers
risks for, 376
venous, 381-382; see also Chronic venous in
sufficiency
Ulnar drift, 72
Ultrasound
for chronic venous insufficiency, 382-383
in diagnosis of ASO, 379
nonthermal, for wound healing, 38lt, 392, 392t
in pain management, 364
United States, racial distribution in, 4
Unna's boot for wound healing, 390
Urinalysis, 179
Urinary incontinence, 340-350; see also Pelvic
muscles
anatomical and physiological considerations,
341-342
case study, 348-349, 349t
causes of, 342-343
aging as, 342
gender-specific, 342-343
defined, 340
examination, evaluation, and diagnosis,
342-345
gender differences in, 341
interventions for, 345t, 345-347
introduction, 340
prevalence of, 340-341
subtypes of, 342, 343 t
summary, 349
Urination; see also Micturition
Urination, normal, 340
Urodynamic testing, 344

V
Validity, forms of, 128
Valsalva's maneuver, risks of, 360
Values, 20-24; see also Ethical issues; Ethics
advocacy and, 23-24
ageism and, 20-21
autonomy, 20
control versus helplessness/hopelessness, 21-22
culture and, 22
defined,399
Valves, cardiac, changes in, 37

Vasodilation, reflex-based consensual, in pain
management, 364
Vasodilators
for hypertension, 197
indications, generic/trade names, 195t
Vastus medialis, physical training and, 104
VC; see Vital capacity
Veins
anatomy of, 382
changes in, 38
Vein ligation for chronic venous insufficiency,
383
Venous circulation, changes in, 38
Venous insufficiency, chronic; see Chronic venous
insufficiency
Venous ulcers, 381-382; see also Chronic venous
insufficiency
Ventilation, 226-244; see also Respiration
alveolar, reduced RR and, 239
impaired, 234-237
aging versus pathology in, 237-238
airway clearance for, 240
breathing strategies for, 239
case studies of, 241-243
causes of, 235-237
endurance conditioning for, 240
intervention in, 238-241
physiological effects of, 234-235
ventilatory muscle conditioning for,
239-240
weUness/prevention techniques for, 240-241
introduction to, 226-227
maximum voluntary, 229, 236
minute, 233
formula for, 227
muscles of, 228
musculoskeletal activity of, 228
oxygen uptake and delivery, 232-234
physiological function of, 228
physiological measures of, 228-229, 229
respiratory development and, 227-228
ventilatory pump in, 227
Ventilation/perfusion mismatching, aging and,
232
Ventilatory capacity, maximum sustained, 229
Ventilatory muscles, strength/endurance condi
tioning of, 239-240
Ventilatory pump
development of, 227
impairment of, 234-235
increased oxygen demand and, 234
oxygen delivery and, 233
reduced capacity, interventions for, 239
Ventricular contractility during exercise, 43
Ventricular hypertrophy, stimulus for, 37
VER; see Visual evoked response
Verapamil, cardiac effects of, 196
Verbal Descriptor Scale, 353
Verbal Rating Scale, 353
Vertebrae
age-related changes in, 266-269, 267, 268, 269
components of, 268
strength of, 268, 269
Vestibular system
ambulation characteristics and, 297
ambulatory impairment and, 298-299
assessment of, for falls risk, 286
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Vestibular system--cont'd
balance and, 282-283
changes in, 90-91
dizziness and, 175
postural changes and, 271
in posture and balance, 101
Vibration, threshold for, 93
Vibratory loss, assessment of, 94
Vibratory sense, assessment of, 286
Violence, elder victims of, 437
Viral infections, mechanisms of, 201
Viscosity, defined, 35, 61
Vision; see also Sight
balance and, 282
changes in, 88-89
color, changes in, 89
peripheral, defined, 282
in posture and balance, 101
Visual acuity
changes in, 88-89
environmental adaptations to, 135t, 136,
136-137,137
defined,88,282
driving and, 146
dynamic, 146
Visual Analogue Pain Rating Scale, 354, 354
Visual deficits
ambulatory impairment and, 298-299
communication and, 18
learning and, 407
postural changes and, 271,272
Visual evoked response, 89
Visual fields
changes in, 89
environmental adaptations to, 135, 135t, 136
driving and, 146
Vital capacity, 227
aging and, 229
test descriptor and change with age, 231 t
Vitamins
aging and, 31
recommendations for, 177
Vitamin C, lung function and, 241
Vitamin E, lung function and, 241
Volume elasticity, 38
Vo,max
activities of daily living and, 234
aerobic exercise and, 50
average values for, 246
deconditioning and, 238
defined, 245
determinants of, 43, 245-247
arteriovenous oxygen content difference, 247
heart rate, 246
stroke volume, 246-247
dyspnea and, 234
endurance training and, 247, 249t

Vo,max--cont'd
and energy cost of prosthesis use, 329
estimating, 253
during exercise, 43
as index of cardiovascular functional capacity,
245
in moderate exercise, 252
reduced, ambulation speed and, 297

w
WAIS; see Wechsler Adult Intelligence Scale
Walk test, 6-minute, 253, 300, 458
Walkers
advantages and disadvantages of, 215
in pain management, 359
Walking; see also Ambulation; Mobility
aerobic, in pain management, 360
endurance training and, 250
inadequate speed of, 215
speed of, 296-297
factors influencing, 300
velocity of, as diagnostic marker, 293
Walking program
case studies, 254-255
for well elderly, case studies, 463
Walking sandals for foot ulcers, 391
Walking splints for wound healing, 390
Warfarin, impacts for physical therapy, 198
Warm-up versus stretching, 469
Watson, John B., 398
Wechsler Adult Intelligence Scale, 152
Weight loss, resistance training and, 49-50
Weight training, vaginal, for strengthening pelvic
muscles, 346, 349t
Weightlifting, minimizing trauma from, 469
Well elderly, 455-465
case studies, 463-464
evaluation of, 457-459
cardiovascular system in, 458-459
history in, 458-459
initial observations in, 457-458
examination tests and measures for, 459-463
activities of daily living, 462
balance, 461
dynamic balance, 462
fatigue, 460
flexibility, 459
force transducer tests, 461
functional testing, 460-461
gait, 461
hand-held dynamometry, 461
isokinetic testing, 460
manual muscle testing, 459
one-repetition maximum, 461
posture, 462
speed of movement, 460
static balance, 461-462
strength, 459

Well elderly--cont'd
exercise needs of, 456
exercise prescription for, 462-463
exercise utility in, 456-457
improving balance in, 457
increasing cardiovascular endurance in, 457
introduction, 455-456
summary, 464
Wellness, promotion of, 171-172
Wellness programs, lack of insurance coverage
for,424
Wellness/prevention techniques for ventilatory
health,240-241
Wheezing, differential diagnosis of, 236
Whirlpool
for chronic venous insufficiency, 383
for wound healing, 38lt, 391-392
White blood cells, subtypes of, 175, 176t
Whites
economic status of, 7
elderly, 4
in nursing homes, 5
Wills, living, 436
failure to execute, 437
Women
as care-givers, 7
economic status of, 7
life expectancy of, 7-8
Work
functional assessment of, 127
during muscle contraction, 70-71
Work of breathing, 227, 228
airway resistance and, 235
in COPD, 236-237
increased, 233
techniques for reducing, 239
ventilatory, 231-232
World Health Organization, health defined by,
113-114
Wounds; see also Dermal wounds; Wound healing
irrigation/lavage of, 391-392
Wound healing; see also Dermal wounds
age-related changes in, 376
age-related factors in, 331-332
factors delaying, 377
interventions for, 388-393
with compression techniques, 389-390, 390t
with electrical stimulation of wound site,
388-389,389t
with hyperbaric oxygen, 392-393
with nonthermal ultrasound, 392, 392t
with weight-bearing devices, 390-391
with whirlpool, 391-392
normal, 376-377

z
Zoloft; see Sertraline
Zung Self-Rating Depression Scale, 163, 163t

