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Foreword

Here is a book many of us have been waiting for. While the field of aging
is notable for its rich collections of data, it has also suffered from a general
lack of integration. But with the publication of Physical Dimensions of Aging
by Waneen Spirduso, that is no longer the case. Not only does Dr. Spirduso
thoroughly review the facts about physical aging, but more important, she
synthesizes those facts into a coherent story that reveals how our bodies age.

Dr. Spirduso’s years of productive research give her a unique perspective
that enables her to “shake the theoretical trees” of our field. What is signifi-
cant about this book is the way she pulls together so many diverse concepts,
data sets, theories, and interpretations of physical aging.

Taking an organismic point of view that should be encouraged in students
and researchers, Dr. Spirduso examines biological and environmental factors
that influence aging and physical performance. (One of her recurring themes
deals with the source of individual differences and how these differences
are reflected in individual aging patterns.) She cites a range of material
culled from respected journals in physiology, psychology, medicine, sports
medicine, and gerontology to address basic concepts of energy, work, and
efficiency and how they relate to the physical performance of fit and unfit
adults of different ages.

There are few scholarly attempts to rival Dr. Spirduso’s; it obviously took
years for her to review and integrate the body of literature that forms the
foundation of this book. I, for one, am glad she was willing to take on such
a task. Physical Dimensions of Aging is the benchmark against which other
such books will be judged. I will use it frequently, and I advise you to do
the same.

James E. Birren, Director
Borun Center for Gerontological Research
UCLA School of Medicine



Preface

One of the certainties of life, perhaps the only one, is that every day everyone
grows older. A time comes in each of our lives when this fact becomes
personally relevant. The time is different for everyone, and the awareness
may be sudden or subtle, but at some age each of us really understands
for the first time that we are not immortal. For many people this revelation
is precipitated by a physical experience—a father’s unexpected loss to his
son in a short race, sore muscles following softball at the company picnic,
the first time you wonder if you can climb all the steps to the top of the
monument on vacation. Of all human dimensions, the physical is usually
the first to convince us that no one is an exception to the rule—we all are
aging. Not only does the physical dimension provide us with clues to this
effect, but it becomes a constraining factor in what we can do; and if we
live long enough, physical aging begins to define our quality of life. Because
physical function is central to most of our activities, our physical efficiency
permeates all aspects of our life. Physical aging affects us cognitively, psy-
chologically, socially, and spiritually.

This book discusses how people age physically and how this aging affects
other dimensions of life. It will be of interest to anyone who is personally
experiencing signs of aging, which includes almost everyone over the age
of 40. Primarily, however, Physical Dimensions of Aging is written for
undergraduate and graduate students planning to be professionals or re-
searchers who work with adults and the elderly, in such areas as counseling
psychology, gerontology, health promotion, medicine, psychiatry, nursing,
pharmacy, physical fitness, physical therapy, and social work. Because the
book is research based, researchers who study physical aging in these
professions and in disciplines such as biomechanics, exercise physiology,
and psychology will find this book to be a resource. I have integrated
findings on physical aging from over a hundred different journals in myriad
fields, creating interdisciplinary coverage of the topic.

Interest in gerontology has accelerated remarkably since the early 1980s,
leading to growing numbers of research centers, undergraduate and gradu-
ate courses, and graduate programs on gerontological topics. I believe that
every health professional who works with older adults needs to understand
the nature of physical aging and the profound impact it can have. This
belief is apparently shared by the developers of many gerontology programs,
because a triad of core courses—covering the biology of aging, the psychol-
ogy of aging, and the sociology of aging—is usually required as an introduc-
tion to the subject. Peterson (1985)* reporting on required courses in
graduate gerontology programs, found that courses addressing the biology
of aging were ranked third in number, and courses that covered health
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Xii Preface

and aging were ranked seventh. Since Peterson’s
report, the numbers of gerontology programs and
students in them have increased, as has interest in
the health and physical capabilities of the elderly.

Although it is important for professionals to
understand basic concepts of the biology of aging
(survival curves, interspecies aging patterns, theo-
ries of aging, evolutionary aspects of aging, etc.)
equally important are the age-related changes in
the body’s major physical systems and how these
changes impact physical capacity, mobility, and
performance. Professionals must also understand
not only the full range of physical function but
also how function can be manipulated by health
habits and, perhaps more importantly, how these
physical changes influence other aspects of human
mental and social functioning.

The term physical dimensions is deliberate in
the title of this book, emphasizing the multidimen-
sional effect of physical aging on individuals from
late-middle to old age. From beginning to end, I
emphasize the importance of our physical being
in the process of all aspects of aging and the contri-
bution that maintenance of physical capacity and
performance makes to successful aging. It is be-
cause I believe that the various physical dimen-
sions of aging should be studied in an integrated
and cohesive manner that I decided to write this
book alone rather than to edit a collection of chap-
ters from the most celebrated experts on each
topic. Several fine books of that type already exist,
but they provide primarily resource information
on specific topics, rather than an informational
base of understanding of the physical dimensions
of aging and their impact on the aging individual.
In this book I introduce students and professionals
to the basic concepts of age-related changes in
energy, work, efficiency, motor control, coordina-
tion, and skill; to the concept of functional age;
and to the role that health habits and physical
exercise play in modifying functional age. Because
physical health and competency play an increas-
ingly important role in determining the quality of
life of aging adults, I address the interdependence
of physical health, mental function, emotional
control, and self-esteem at every level, from the
frail elderly to exceptionally capable Senior Olym-
pians and masters competitors.

From the moment 1 conceived of this book, I
decided that, although based on research informa-
tion, it should be primarily an introductory survey
of the various dimensions of physical aging. Thus,
the professionals and researchers who focus on

specific areas may view the background informa-
tion on their specialties to be simplistic, but they
should find its applications to the aging process
informative. My students, undergraduates and
graduates from many different professions and dis-
ciplines, found this to be true. They discovered,
to their surprise, that the information in chapters
outside their areas of specialization added im-
portant information to their knowledge. For ex-
ample, exercise physiologists who specialize in
older adult physical performance found little new
information in the chapter on aerobic work capac-
ity. However, they did find the chapters on physi-
cal development, physical function of the frail
elderly, and comparisons of elite athletes’ perfor-
mances to be useful in their work. Similarly,
gerontological physical therapists with substantial
knowledge about strength, posture, and locomo-
tion found they also needed information on elderly
work capacity, functional testing of the frail el-
derly, and the role of mobility in emotional func-
tion and well-being. Without exception, my
students found that this integrated approach to the
understanding of the physical dimensions of aging
widened their perspectives of their work, gave
them a greater appreciation of the impact of physi-
cal aging, and made them more effective in
their professions.

The book begins with an introductory chapter
on the concept of aging in terms of longevity and
quality and quantity of life. Because one of the most
characteristic aspects of aging is how different it is
for each person, the second chapter emphasizes
individual differences. The rest of the book presents
information related to four major areas of human
movement: energy, work, and efficiency; motor
control, coordination, and learning; involvement,
interdependence, and skill; and physical perfor-
mance. The physical aspects of growth and form,
that is changes in body composition, bone, flexibil-
ity, and skin are discussed in chapter 3. Chapters on
work capacity, muscular strength, and endurance
discuss the capacities of individuals in terms of en-
ergy, work, and efficiency. Effects of aging on motor
control, coordination, and physical skill are orga-
nized as posture, locomotion, and simple move-
ments (chapter 6), behavioral speed (chapter 7),
and coordination and skill in complex movements
(chapter 8). How the physical dimension influences
our involvement in life, our dependence on others,
and our achievements involves the relationship of
health and physical fitness to cognition (chapter 9),
emotional function (chapter 10), and our general
feeling of well-being (chapter 11).



Finally, I conclude the book with a section on
how aging affects older adults’ physical perfor-
mance in society. Physical function in the frail
elderly, with all of its limitations and psychological
implications, is discussed in chapter 12, and the
role of physical capabilities in societal job discrimi-
nation, from airplane pilots at age 45 to white-
collar workers in their 70s, is presented in chapter
13. T have saved the performance of the elite ath-
letes for the last, chapter 14. With so much negative
news about one’s aging physical ability, an analy-
sis of the great athletic performances of some of
our septuagenarians and octogenarians is inspir-
ing and uplifting. I believe that almost all profes-
sionals underestimate the physical abilities and
potentials of the elderly. At a time in their lives
when so many people are telling the elderly that
they can’t, we professionals at least should be
telling them that they can.

Gerontology is a relatively new field, incredibly
complex and multidisciplinary. In the study of
human gerontology, physical, psychological, so-
cial, and environmental systems interact so that it is
extremely difficult to identify causal relationships.
Thus, each chapter has several controversial is-
sues. I have presented these as fairly as I can, but
no one person can be an expert in every field. 1
am, therefore, indebted to a number of people
who have helped me find information, critiqued
my writing, and helped me think through the ideas
and concepts that I present. For their time, energy,
creativeness, and encouragement, I also am grate-
ful to many colleagues: Larry Abraham, Ann Scar-
borough, Ed Coyle, Russell Ewan, Roger Farrar,
Jan Hutchinson, Sid Liebes, Priscilla MacRae, Bob
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Malina, David Reuben, and Joe Starnes. Several
graduate students also read the manuscript and
provided excellent suggestions: Gary Etgen, Tina
Geithner, and Steve Seiler. Susan Jay improved
the form and substance of the manuscript with
meticulous editing and extensive research. A spe-
cial note of gratitude goes to Wojtek Chodzko-
Zajko and Max Vercruyssen, both of whom read
the manuscript from cover to cover, made many
suggestions, found many mistakes, and supplied
additional information, articles, and references.
Their comments have had a significant impact on
the book and have improved its quality immeasur-
ably. I also am indebted to the creativeness and
ingenuity of Rosalind Lee and Kelly McQueary,
who provided me with special technical assistance
and skills throughout the writing of the book.

Finally, I view this book as a beginning. I hope
that it will evolve over the years, through my own
growth and understanding and through my inter-
action with others, and become a book that will
be truly useful to a great many people. 1 therefore
encourage readers to send me their comments,
suggestions, and critiques.

Department of Kinesiology
The University of Texas
Austin, TX 78712

Fax: 512/471-0946
spirduso@mail.utexas.edu

*Peterson, D.A. (1985). Employment experience of geron-
tology master’s degree graduates. The Gerontologist, 25,
514-519.
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An Introduction
to Aging

The first truth about aging is
that everybody does it. The
second truth is that everybody
does it differently.

t is impossible to talk about the effects of physical aging
without considering first the human life span, the notion of
time, and how differently each individual moves through
his or her life. Why do some people live longer than others?
Why do some seem to age quickly, whereas others seem to
resist aging? If living longer means living in sickness and
morbidity, is it ethical for scientists to continue to search for ways to
extend the human life span? What is normal aging? Is it different
from sickness and disease? This section introduces the basic con-
cepts of the biology of aging, the theories of aging, and the compres-
sion of morbidity. This section also introduces one of the most im-
portant concepts of aging: Individuals differ in the way they age and
the way they react to aging. Indeed, one of the factors that makes
the study of aging so difficult is that a “typical” older adult does not
exist. Finally, the last chapter in this section discusses the major de-
velopmental changes that occur with aging: changes in body size
and form, in muscle, fat, and bone composition, in joint flexibility,
and in the skin.







(CHAPTER 1]

[ssues of Quantity
and Quality of Life

Aging is one of the great enigmas of life. Apart from birth and death, it is
perhaps the only experience that every human being shares. As ubiquitous
as aging is, no one fully understands it. Many throughout human history
have pondered the same questions about aging: What is aging? What is its
nature? Why do living organisms age? Can aging be stopped or slowed
down?

Although all people age, they do so in different ways and at different
rates. Some people live longer and have a higher quality of life than others.
The basis of gerontology is the study of these differences, their causes, and
the factors that amplify or attenuate them. The length of time, or quantity of
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6 Physical Dimensions of Aging

life, that people live is easily measured. Statistical
survival curves have been developed to describe
the life spans of many species, and from these,
predictions can be made about the quantity of life
and the rate of aging. But scholars and scientists
want more. They want to understand the funda-
mental processes and causes of aging so that the
quantity of life for humans can be maximized. The
results of their studies of basic mechanisms have
provided the basis for several theories of aging.

Understanding the fundamental processes of
aging is not only essential to determining what
causes aging, but it is also necessary if interven-
tions are to be developed to interfere with, post-
pone, or stop the aging process. The goal of
applied health and social scientists is to change
the shape of the human survival curve so that
most individuals can live long lives, and several
controllable factors, such as food restriction and
nutrition, general activity level, and physical activ-
ity have some promise in fulfilling that goal. Most
people would agree that long life without health
and physical mobility is undesirable, yet many
people live their terminal years in a state of mor-
bidity, or complete physical dependence and poor
health. A substantial thrust in recent research has
thus been to determine whether the occurrence
and duration of morbidity in the population can
be compressed. Discussions of extending the life
span are always entangled with issues of the qual-
ity of life.

This chapter introduces some of the fundamen-
tal questions and basic terminology of gerontol-
ogy. What is aging? How is it described? What
causes it? Can the aging process be slowed? And
how is the quantity of life related to the quality
of life?

What Is Aging?

On the simplest level, physical age seems easy to
define. It is the chronological time something has
existed, or the number of elapsed standard time
units between birth and a date of observation.
On this level, age and time are synonymous. On
another level, however, the physical dimension
and meaning of time depend totally on the biologi-
cal, psychological, and social significance attached
to it; for that reason the concept of time has been
the subject of philosophical debate for centuries.
Because time and chronological aging can be

viewed as synonymous, it is impossible to divorce
aging from the passage of time. Yet biological
processes that occur in youth are thought of as
developmental, whereas time-related changes that
lead to disability and dysfunction are thought of
as adult aging, or senescence. When does this
change in definition occur? Does aging begin in all
body cells simultaneously or in different systems at
different times? When does aging start? As complex
as these issues are, rational discussion requires
some agreement on definitions among profes-
sionals.

I use the term aging to refer to a process or
group of processes occurring in living organisms
that with the passage of time lead to a loss of
adaptability, functional impairment, and eventu-
ally death. These processes are distinct from daily
or seasonal biological rhythms and any other tem-
porary change. It is particularly important to distin-
guish aging effects from secular effects, which are
environmental effects that influence all people
who live within an identified period. For example,
during the late 1970s and early 1980s serum cho-
lesterol levels dropped over 7-year intervals in all
age groups studied in the Baltimore Longitudinal
Study of Aging (BLSA). The dietary cholesterol and
fiber of these subjects also changed. Attributing
the drop in cholesterol to aging would be an inac-
curate conclusion. Much more probable is that
many of the BLSA subjects, as well as countless
numbers of nonsubjects, changed their diets as a
result of heavy media advertising regarding the
benefits of low-fat and high-fiber diets.

Aging is a logical extension of the physiological
processes of growth and development, beginning
with birth and ending with death. The emphasis
of this text is on the later portion of this continuum
of life span growth and development.

Aging occurs with the relentless march of time,
but relatively few people actually die of old age.
Most die because the body loses the capacity to
withstand physical or environmental stressors.
Through youth, bodies have reserve physiological
capacities and system redundancies that enable
them to adapt to physical challenges or insults,
such as exposure to viruses or to extreme heat
and cold. Accompanying aging, however, is a loss
in reserve capacity and redundancy, which re-
duces the ability to adapt quickly and effectively.
For example, a young adult might be able to dodge
an oncoming automobile on a hot summer day
and avoid being struck. An older person, however,
who has suffered cumulative losses in peripheral



