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FOREWORD

While Harold Abrahams was honing his sprinting
talents at Caius College, Cambridge University, in
preparation for the 1924 Paris Olympic Games,
under the watchful eye of his professional Italian
coach, Sam Massabini, his elder brother Dr., later
Sir, Adolphe Abrahams was well advanced in his
medical career. By then he had already served as
the first Honorary Medical Doctor to the British
Track and Field team at the 1912 Stockholm
Olympic Games. So it was perhaps natural that
49 years later, when Sir Adolphe published 7he
Disabilities and Injuries of Sport, one of the first
English-language textbooks of sports medicine of
the modern (post-Second World War) era, the
foreword should have been written by his brother,
the 1924 Olympic 100m gold medalist.

In his foreword, Harold pays tribute to his
elder brother’s ability as a “runner quite capable
of winning prizes in races from fifty yards to ten
miles” so that although the elder Adolphe perhaps
“lacked the innate potentiality to reach the top
class,” yet “he was assuredly unrivalled in his
enthusiasm.” But no such qualifications were
needed to defend the quality and importance of
his brother’s writings. Thus Harold’s opinion was
that although “... many books and articles have
been written about injuries incurred in sport ...
most of these seem to me to suffer from the short-
coming of attempting to be academic scientific
treatises and to neglect the practical details.” But
Adolphe’s book was different: “This book breaks
new ground, for not only are the injuries which
may be encountered in athletics and sport gen-
erally considered with the proper regard for their
nature, causation, diagnosis, and treatment, but
for the first time disabilities that athletes meet,
such as possible injuries to vital organs, sickness,
stitch, cramp, and the like are fully examined.
The author writes with the pen of the scientist,
but in language which will be easily understood
by the lay reader.” Finally Harold concludes: “That
this is so should surprise no one, since he has
qualifications for his task which must be unique.
... Many an international athlete would hasten to
pay tribute to the part which the author has
played with his knowledge, advice, and under-
standing, in their success.” This was praise indeed
from the first British Olympic runner to accept

professional training support; an intellectual shift
that brought the younger Abrahams into blunt
conflict with the prevailing code of scrupulous
amateurism of his college, university, and nation.

Sir Adolphe’s slim 93-page textbook first came
to my attention only many years later, occasioned
perhaps by the enthralling story of the athletic
experiences of his brother and Scottish missionary
Eric Liddell, so faithfully captured in David Put-
man’s classic 1981 movie, Chariots of Fire. The
Abrahams were clearly unusually talented broth-
ers.

In retrospect, whatever its worth in 1961, the
great value of Sir Adolphe’s book for modern
scholars is that it provides one measure of the
state of sports medicine experienced by a leading
practitioner, at least in his part of the English-
speaking world, in the first half of the 20th cen-
tury. There is certainly good evidence, developed
especially in John Hoberman’s compelling book,
Mortal Engines: The Science of Performance and
the Debumanization of Sport, that sports medicine
was more advanced in Germany and France than
it was at that time in the English-speaking coun-
tries, including Britain and the United States.

But for Britain certainly and perhaps also for
North America at that time, The Disabilities and
Injuries of Sport was probably the benchmark. Yet
with all the compassion in the world, The Dis-
abilities and Injuries of Sport can really only be
described as “quaint;” perhaps little better than a
simple first aid booklet of the modern era.
Although Sir Adolphe establishes the tradition that
it is best to live your subject if you are to know
it properly, his book falls some way short of being
the proverbial “Bible.” From the security of the
21% century, it is heartening to see how far the
profession has progressed in the past 50 years.

A vyear after The Disabilities and Injuries of
Sport was published, the first edition of the British
Sports Medicine, co-written by English authors
John Williams and Peter Sperryn was released. It
is said that Williams had written the book on the
basis of his early experiences gained from directing
the first dedicated sports injury clinic in the United
Kingdom. It would be the last time a textbook of
sports medicine would be attempted by only two
authors, for there was a clear acceleration in the



rate at which sports medical knowledge was
developing in the English-speaking world.

The first sports medicine textbook that I read
in detail enjoyed the same title, Sports Medicine,
but was co-authored by the North Americans Fred
Allman of Atlanta, Georgia, and Allan Ryan from
Madison, Wisconsin, the latter the first editor of
a journal, The Physician and Sports Medicine, that
achieved great influence under Ryan’s editorship.
The book written with 17 co-authors significantly
expanded the perceived scope of sports medicine
by including chapters covering the medical super-
vision of the athlete including medical and ortho-
paedic care; the care of those requiring special
physical education; and preventive medicine and
therapeutic exercise. It introduced the concept
that sports medicine includes the promotion and
prescription of exercise for the treatment and
prevention of disease, a concept that would set
the trend for the further expansion of sports med-
icine in the final quarter of the 20th century.

Two years later, the second edition of the
British Sports Medicine was released. It repre-
sented a giant leap forward for European sports
medicine. It also included multiple co-authors
who produced a book “based on the concept of
Sports Medicine as an integrated multi-disciplin-
ary field embracing the relevant areas of clinical
medicine (sports traumatology, the medicine of
sports, and sports psychiatry) and the appropriate
allied scientific disciplines (including physiology,
psychology, and biomechanics)”. Despite the
greatly increased scope of the book, the editors
still felt that “it is clearly impossible to cover the
whole subject in such a way as to satisfy each
potential reader.” An interesting aspect of this text
was that, unlike its North American equivalent, it
was silent on the role of exercise prescription for
the prevention and treatment of disease. Rather,
the full emphasis was on the care of those who
are already active, usually at the higher levels of
competence and commitment. Another fascinat-
ing difference was that whereas Ryan and All-
man’s text contains 22 index references to the
word female, neither the word female nor woman
appears in the index of the British text written
by Williams and Sperryn.

All these publications are important because
they provide an infallible measure of the growth
of sports medicine in the past half-century since
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the publication of Sir Adolphe’s original. And so
it is from this historic tradition that the third
edition of Sports Medicine for the Primary Care
Physician makes its welcome appearance.

Written for those primary care physicians who
provide first-contact care for the physically active,
this multi-authored text follows the North Amer-
ican tradition of providing a comprehensive
resource for those working at all levels of sport,
whether it be with professional athletes or with
those whose exercise is confined to the week-
ends. The third edition remains faithful to its
forerunners in that the goal of its editors remains
unashamedly to provide physicians with the infor-
mation that will assist in the promotion of the
1990 United States National Objective for
increased levels of physical fitness and exercise.

In my view, this will become an increasingly
important role for sports medicine in the coming
decades and will begin to outweigh the more
utilitarian, albeit currently more alluring, role of
providing expert medical care to the sporting
elite. That this goal was already established by
Dr. Birrer in the first edition of this text, published
in the early 1980s, is a tribute to his vision and
unwavering commitment. This concept extends
beyond the Olympian goals to which the Abra-
hams brothers and many others aspire, and which
is the true measure of the new maturation of this
discipline.

The text is current and concise yet sufficiently
inclusive to provide the background information
required confidently to practice this discipline.
This must be so since the chapters are contributed
by those whose expertise has been acquired by
working at the coal face, learning, as did Sir
Adolphe, by living their profession. The scope is
comprehensive with equal weight given to the
medical and orthopaedic requirement of the pro-
fession. Special features are the chapters devoted
to the needs of specific groups of exercisers -
runners, swimmers, throwers, and children,
among many others. There is also a surfeit of
information (22 index entries) about the special
sports medical requirements of that 50% of the
population who are female.

So where is sports medicine at the birth of the
21st century?

Study this textbook and marvel.



Sir Adolphe and his brother would have
approved.
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PREFACE

“And is not bodily habit spoiled by rest and idle-
ness but preserved for a long time by motion and
exercise?”

Plato, Theaetetus

Exercise in the natural form of work was a nec-
essary and regular part of life before the Industrial
Age. With the advent of work-saving machinery,
people turned more and more to the “sedentary
studious life.”! Despite the clairvoyant exhorta-
tions of some of our nation’s political leaders
(Thomas Jefferson and Benjamin Franklin) and
the world’s medical giants (George Cheyne and
Joseph Addison), the “pamper’d Race of Men”
prospered.? The tempo of the past several
decades has shown the wisdom and benefits of
regular exercise. Serendipity has played a signif-
icant role in the observations that physically active
individuals do not suffer proportionately from
atherosclerosis, strokes, myocardial infarctions,
and other chronically debilitating diseases as do
their sedentary counterparts. Rudimentary exer-
cise research has begun to yield the secret suc-
cesses of fitness training. Established health ben-
efits of regular physical activity include a
reduction of coronary heart disease, hypertension,
non-insulin-dependent diabetes, colon cancer,
anxiety, depression, and all-cause death rates;
maintenance of appropriate body weight and
functional capacity; and increased bone mineral
content. The general sociocultural swing back to
naturalism, homeopathy, holism, and self-help
has embraced exercise and sports activities as a
necessary component and has once again brought
us full circle to our ancestors’ philosophies.

Because the world of sports and recreational
activity encompasses all ages and both genders,
as well as the entire health spectrum, it is fitting
that the primary care physician should be the
front-line sports medicine specialist. It is this indi-
vidual who first sees the injured athlete at home,
on the field, or in the office. Very often the
physician recognizes the family or personal prob-
lem affecting a person’s performance. Above all,
it is the primary care physician who is best suited
to integrate the patient’s work, sport, family, and
school environment so that maximum exercise
potential and function under the safest health
conditions can be realized.

The first edition of this book sprang from the
Society of Teachers of Family Medicine sports
medicine panel in 1980. This invigorating panel
and its chairman, Daniel Garfinkel, M.D.,
designed the sports medicine curriculum for the
family practice programs of this country. The
second edition moved to a problem-oriented,
field-side format and became a practical author-
itative guide for primary care physicians involved
in the study and practice of sports medicine. This
third edition brings further evolutionary changes,
including several new chapters (complemen-
tary/alternative sports medicine options, the
radiologic evaluation of the athlete, and a revised
and streamlined medical illness section) and
incorporates the growing science of evidence-
based medicine. In addition, Francis O’Connor,
M.D., a recognized family physician who is a
sports medicine authority, becomes the associate
editor.

While there are a number of professional
resources for evidence-based medicine, this third
edition utilizes a grading system described in the
American Family Physician in 2002.3° Level A
evidence is derived from a high-quality, random-
ized, controlled trial (RCT)/meta-analysis using
comprehensive search strategies. Level B evidence
is from a nonrandomized, well-designed clinical
trial utilizing a nonquantitative systematic review
with appropriate search strategies. Level C evi-
dence represents expert opinion as consensus
viewpoint.

Much work remains to be done in achieving the
2010 national objectives for physical fitness and
exercise.® While the number of employer-spon-
sored fitness programs has significantly increased
and the majority of primary care physicians include
a careful exercise history as part of their initial
examination of new patients, fewer than 50% of
children ages 10 to 17 regularly participate in appro-
priate physical activities, particularly cardiorespira-
tory fitness programs that can be carried into adult-
hood. Only 10 to 20% of adults ages 18 to 65 are
participating in vigorous physical exercise, and
fewer than 8% of adults 65 years or older engage
in appropriate physical activity (i.e., regular walk-
ing, swimming, or other aerobic activity). Only 5%
of adults can accurately identify the variety and
duration of exercise thought to promote cardiovas-
cular fitness most effectively. Over 60% of adults



and up to 15% of children are overweight or obese.
These are profound challenges that must be
addressed in the next decade through clinical prac-
tice and scholarly research. The message is clear:
“Exercise is the easiest way to preserve health.”
We are the medium. This textbook is one small
effort in making the message happen. Read, learn,
enjoy, and profit.
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The first application of medicine to sports is
unknown, but the earliest recorded example of a
sports-contest-related injury is the Biblical
account of Jacob’s wrestling match (Genesis 32:
24-32). Jacob received the Lord’s blessing but
apparently no medical attention: He passed the
place called Penuel “limping because of his
thigh.” An early Egyptian surgical treatise (ca.
2600-2200 BC) describes treatment for a variety
of injuries, many of which could have been sus-
tained in sporting contests.!

The first known treatise on athletic training,
written in approximately 444 BC by pentathlon
champion Iccus of Tartum, is now lost but men-
tioned in extant texts. The first sports medicine
professional may have been Herodicus of Selym-
bria, a contemporary of Socrates. The pioneer of
“medical gymnastics,” Herodicus insisted that ath-
letic training be systematized, balanced in exer-
cise and diet, and have a medical component.
Both Iccus and Herodicus recommended mas-
sage, as do many modern trainers and sports
medicine professionals.?

Even in ancient times, it was evident that nat-
ural talent alone could not win the laurels against
talent improved by training.? Athletes of the Greek
classical period were required to train under
supervising physicians (gymnastes) 10 months
before competing in the Olympics.* But, skepti-
cism remained about applying medical knowl-
edge to sport. Plato himself, writing in a later era,
characterized Iccus and Herodicus as “gymnastic
sophists.” In his Gymnastikos, Philostratus the
trainer accused physicians of allowing athletes too
luxurious a diet and not demanding they bathe
in cold mountain streams and sleep on the
ground. (Philostratus was not a mindless taskmas-
ter, however. He also offered cautions on heat
exhaustion and overtraining.*)

By the late classical period, treatment of certain
athletic injuries had become quite specific. Quintus
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of Smyrna (ca. fourth century AD) described the
treatment of ankle sprains with ointment and
dressings and boxing wounds by draining, sutur-
ing, and applying topical medications.*

The famous second-century Roman physician
Claudius Galen, whose work exercised an influ-
ence well into the Christian era, was a true sports
medicine practitioner. Galen had been appointed
physician to the gladiators in Pergamum by Pon-
tifex Maximus and subsequently published his
methods of treating injuries suffered in the arena.?
He also advocated weight lifting and other resis-
tance exercises as a means of promoting health.®

The Greco-Roman linkage of exercise and
health influenced philosophers and physicians
into the medieval and Renaissance periods. For
example, Bergerius (1370-1440) and later Mon-
taigne espoused the classical notion of regular
exercise as part of children’s education.”

The first illustrated book on sports medicine
has been credited to Gerolamo Mercuriale
(1530-16006), a distinguished professor of medi-
cine at the universities of Padua, Bologna, and
Pisa. His Artis Gymnasticae apud Antiquos Cele-
berrimae nostris Temporibus Ignoratae (1569)
contains woodcuts showing rope climbing, med-
icine ball exercises, and “activities for women.”
Mercuriale considered the relationships of medi-
cine to sports and exercise to health and dis-
cussed classical attitudes toward them.®

Although Greco—Roman traditions exerted the
most influence on Euro—American sports medi-
cine, classical Indian hatha yoga and Chinese
gung fu systems (the latter encompassing meth-
ods of exercise, health, and energy regulation as
well as self-defense) may represent the earliest
systematizations of exercise therapy, as witnessed
by the texts of the Hindu Atharva-Veda and the
Chinese book of gung fu written around 1000 BC.?

The writings of Hakim Ibn-e-Sina (979-1037),
known in the West as Avicenna and the father of
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Islamic medicine, excited great interest during the
cultural exchange of the post-Crusade period.
Many of Hakim Ibn-e-Sina’s recommended treat-
ments would be familiar to today’s sports medi-
cine professionals: massage, movement exercises,
and warm baths to promote rehabilitation from
injury.? But, from the eighteenth century until well
into the twentieth, most European, British, and
American sports medicine providers were not
doctors but self-taught trainers. A physician might
be called in the event of injury, but most learned
persons seemed to have lost interest in applying
medical knowledge to athletics.” Attitudes toward
the body itself had changed, and the concept of
mens sana in corpore sano was no longer dom-
inant. Many schools of philosophy agreed that
the mind and body were separate entities, and
dominant religious views considered the body an
object of contempt, a source of temptation and
weakness.

Benjamin Franklin practiced resistance exer-
cises and measured their effect on his cardiovas-
cular system. Writing in 1772 from London to his
son, he reported that, “The dumbbell is another
exercise of the latter compendious kind. By use
of it, T have in forty swings quickened my pulse
from sixty to one hundred beats in a minute,
counted by a second watch; and I suppose the
warmth generally increases with quickness of
pulse.”

By the mid-nineteenth century, classical atti-
tudes about the contribution of physical develop-
ment to intellectual and moral development reas-
serted themselves. Physicians on staff and faculty
at major universities became directly involved
with athletics. Credit for the advent of collegiate
sports medicine can be given to Edward Hitch-
cock, M.D., who was appointed instructor of
physical education and hygiene at Amherst Col-
lege in 1854. Hitchcock instituted anthropomor-
phic studies of the students, published a textbook
and 161 articles on topics in athletics and sports,
and was probably America’s first college team
physician.?

Other landmarks of this transitional period
included English physician John Morgan’s mid-
nineteenth century study of the longevity of
former oarsmen as compared to the general pop-
ulation; an 1899 paper in the Boston Medical and
Surgical Journal by E.A. Darling of Harvard enti-
tled “The Effects of Training,” which studied the
fitness of Harvard crews; and Augustus
Thorndike’s 1938 textbook Athletic Injuries, Pre-
vention, Diagnosis and Treatment, considered to

be the first general American text of sports med-
icine.?

At the time of the 1896 revival of the Olympic
games by Baron Pierre de Coubertin, however,
training was still dominated by former athletes
and not medical professionals. Greek doctors
were in attendance at the first modern Olympiad
in Athens, following the marathoners in ambu-
lances and tending to exhausted runners, but no
formal provision was made for medical attention
for the athletes.

The death of Portuguese runner Lazaro from
heat stroke after the 1912 Stockholm marathon
led to the requirement that all marathoners
undergo a physical examination, the first such
requirement in modern Olympic history; how-
ever, the United States did not send official train-
ers with its team until the 1920 Antwerp games,
nor a team doctor and nurse until the 1924 Paris
games.*

SPORTS MEDICINE
ORGANIZATIONS

In 1928 at the St. Moritz Winter Olympics, 33
physicians met to prepare for the establishment
of an International Congress of Sports Medicine
at the summer games and to create a permanent
International Assembly on Sports Medicine, which
later became the Federation International Medico-
Sportive (FIMS). Other international groups that
have advanced sports medicine were founded
over the succeeding years. These include the
Conseil International du Sport Militaire (estab-
lished 1948), the South American Congress on
Sports Medicine (1953), the UNESCO Interna-
tional Council of Sport and Physical Education
(1960), the Groupement Latin de Medicine Phy-
sique et Sport (1961), and the International Com-
mittee for the Standardization of Physical Fitness
Testing (1964).

In the United States, the National Athletic
Trainers Association (NATA) was created in 1949.
In 1954, the American College of Sports Medicine
(ACSM) was founded, and the American Medical
Association (AMA) created the ad hoc Committee
on Injuries in Sports. The AMA followed up with
a Committee on Exercise and Physical Fitness in
1964. Serious academic study of sports medicine
was boosted when the ACSM commenced publi-
cation in 1969 of the Journal of Medicine and
Science in Sport and first published the Encyclo-
pedia of Sport Science and Medicine in 1971.

In 1962, the American Academy of Orthopedic
Surgeons established the Committee on Sports Med-
icine. The American Academy of Family Physicians,
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the American Academy of Pediatrics, and the
American Physical Therapy Association also have
committees on sports medicine. Other important
groups in the field of sports medicine and phys-
ical fitness are the American Association for
Health, Physical Education, Recreation, and
Dance; the American College Health Association;
the Women'’s Sports Foundation; and the National
Strength and Conditioning Association.

A landmark in U.S. government efforts to pro-
mote physical fitness through sports came in 1956
with President Eisenhower’s establishment of the
President’s Council on Youth and Fitness. It was
reorganized under President Kennedy and
renamed the President’s Council on Physical Fit-
ness and Sport under President Johnson. In 1978,
Congress established the Office of Physical Fitness
and Sports Medicine with passage of Public Law
95-626 and also passed Public Law 95-600, the
Amateur Sports Act.

In 1978, the U.S. Olympic Committee instituted
the Volunteer Physicians Program to prepare pri-
mary care and orthopedic physicians for working
with American athletes at international competi-
tions, including the Olympics. The same year, an
active sports medicine department was founded
at the Olympic Training Center in Colorado
Springs. A sports medicine department was
opened at the Lake Placid training center in 1982
and one at the San Diego training facility in 1994.1°
Today, the majority of national sports governing
bodies have sections on sports medicine, and
most states and cities have established councils
on physical fitness.

RECENT DEVELOPMENTS AND
FUTURE TRENDS

Contrary to earlier views, research and practical
experience have demonstrated that vigorous par-
ticipation in athletics is as safe for women as it
is for men.!! Performance levels for both men and
women have risen to the point where yesterday’s
world records are often today’s qualifying marks.
Sports medicine has been called upon increas-
ingly not only to heal athletes but also to make
them — as the Olympic motto exhorts — swifter,
higher, stronger. As a result, ergogenics has
become a field for intense research.!? Negative
publicity about steroid experimentation had
tainted the Soviet bloc’s work in sports medicine,
but with the successes of the Eastern Europeans
and the emergence of the People’s Republic of
China as an Olympic power, the results of

THE ROLE OF

biomechanical research done in the Communist
countries and the priority given to involving
sports medicine specialists in every stage of their
athletes’ development have come to Western
notice. !4

Another major boost for sports medicine
occurred in the 1970s when fads for tennis, run-
ning, weight training, and aerobics proved to be
lasting trends. The personal involvement of such
physicians as Allan Ryan and George Sheehan
helped spread information on exercise, as well
as the increasing number of exercise-related inju-
ries being seen by primary care providers.

Predictions are risky, but the sports medicine
of the future — like the sports medicine of clas-
sical times — will probably be as concerned with
conditioning, performance, nutrition, and skill
development as with treating injury, and other
trends are likely: a continued increase in sports
participation by the general population, including
children and the elderly; demands for standard-
ization and certification of sports medicine train-
ing programs; the challenge of bringing the latest
knowledge to the attention of non-elite athletes;
and, of course, the need for the primary care
physician to have expertise in sports medicine.
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One of the most enjoyable aspects of primary
care is providing care to active children and adults
and encouraging activity in those who are not.
The biology of the human organism requires
physical activity for optimum performance. Com-
petent clinician, inveterate enthusiast, and con-
summate diplomat describes the prototypical pic-
ture of a “team doc.” Sports medicine for a local
grammar school, high school, or college is a
natural extension of a primary care physician’s
practice. More than 30,000 physicians now serve
as team physicians or medical consultants for
teams or school systems. It is estimated that 85%
of those physicians in this capacity are primary
care physicians.

Certainly, primary care physicians will see
sport- and recreation-related injuries throughout
their clinical careers. Family physicians, pediatri-
cians, internists, adolescent medicine specialists,
and generalists are best suited as team physicians
to care for the needs of the active individual.
Non-primary care physicians (e.g., those in emer-
gency medicine, orthopedics, obstetrics/gynecol-
ogy) should be paired with a primary care phy-
sician in order to provide comprehensive,
continuous coverage. Balancing the needs of the
athlete, team, and institution and its representatives
is the ethical responsibility of the sports physician.

THE SPORTS MEDICINE TEAM

The primary members of the sports medicine
team are the athlete, physician, coach, and athletic
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trainer (Figure 2.1). Secondary members include
support systems for the athlete’s family, friends,
and teammates; clinical consultants (e.g., dentist,
podiatrist, orthopedist, nutritionist, psychologist),
administrative support; and officials. The athlete
is the focal point of the team. The team is as
strong as its weakest member and sinks or swims
based on its dynamic equilibrium being main-
tained through communication. It is helpful to
view the sports team metaphorically as a family.
In this mobile, heterogeneous, ever-changing,
industrial society, the sports team represents a
valid surrogate family. The 1979 Pittsburgh Pirates
world championship baseball team proudly
referred to themselves as “The Family.” The struc-
ture of most athletic organizations generates a
strong emotional base; therefore, the prototypical
roles of the nuclear family appear time and again.
In a metaphoric sense, the manager or coach will
be viewed as a father or other authority figure.
The athletic trainer typically plays the role of a
nurturing mother, and the assistant coaches play
the role of big brothers or big sisters. Team mem-
bers represent siblings, and ancillary personnel
and cheerleaders can be considered the extended
family. Putting the team in this perspective is
helpful in two ways: (1) it facilitates an under-
standing of the emotional and organizational rela-
tionships among team members, and (2) it pro-
vides a working perspective for the team
physician.
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Figure 2.1 The sports medicine team.
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ATHLETIC TRAINER

A certified athletic trainer is available in about
35% of high schools.! The trainer’s role is to
promote safety by preventing and caring for ath-
letic injuries and coordinating the school athletic
program.?? The physician’s assistant, the athletic
trainer, should hold certification from the National
Athletic Trainer’s Association and the American
Red Cross advanced first aid and basic life support
(BLS) courses. In conjunction with the physician,
the trainer designs, coordinates, and implements
the athletic training and prevention program,
obtains pertinent medical history, and maintains
current injury profiles. The team trainer should
have a working knowledge of taping, wrapping,
padding, and bracing; should be able to recognize
and evaluate injuries; and should be prepared to
render appropriate first aid if the physician is not
present. The athletic trainer should make deci-
sions regarding further athletic participation and
ensure that athletes with significant injuries
receive appropriate care. The athletic trainer
supervises the transportation and rehabilitation of
injured athletes and stays in close contact with
the team physician at all times. The athletic trainer
serves as the liaison among the team, athlete,
athlete’s family, physician, and coaching staff.
Because the athletic trainer is the physician’s
agent, guidelines and rapport are paramount, as

negligence on the part of the trainer will often
be attributed to the doctor.

COACH

Responsibilities include the general care and well-
being of athletes through solid leadership and
coaching, ensuring a proper playing environment,
and preparticipation screening. Certification in
advanced first aid and BLS through the American
Red Cross is mandatory. In the absence of an
athletic trainer, the coach’s role in the prevention
and care of injuries is proportionately greater. A
good coach reinforces the rules and reaffirms the
value of sportsmanlike conduct. Modern weight-
training methods and a ban on performance-
enhancement agents are promoted. Proper pre-
season clearance, injury and rehabilitation follow-
up, and return-to-play criteria are enforced. Play-
ing conditions (e.g., temperature or humidity) and
scheduling and canceling practices or competi-
tions are under the purview of the coach. Periodic
inspections of equipment and training areas and
emergency planning are the responsibilities of the
coaching staff.

OFFICIALS

The officials are responsible for consistent imple-
mentation of stipulated rules and regulations dur-
ing competitive sports. Duties include pregame
preparations (equipment, weigh-ins, and playing



field conditions) and game officiating (conditions
or injuries). In non-professional sports, a liability
policy may be appropriate.

TEAM PHYSICIAN

The term sports physician is a general term refer-
ring to a physician who cares for individuals
involved with any sporting or recreational activity.
This involvement may entail only preparticipation
clearance, weekend games, and/or the care of
athletic injuries in a clinical setting. The term team
physician is defined by specific requirements and
responsibilities.? The team physician plays a very
influential role in the sports community and is
expected to provide not only physical aid but
also philosophical and psychological counseling
to athletes who may be concerned about poor
sports performance, schoolwork, or career and
psychosocial issues. The comprehensive, contin-
uous care provided by primary care physicians
makes them uniquely qualified to be a natural
complement to the sports team “family” and cor-
nerstones of sports medicine teams. The average
number of years served in this role at the amateur
level is 11.

REQUIREMENTS*

How do you provide the best medical care for
athletes at all levels of participation? The sports
physician must have a medical degree (M.D. or
D.O.) with an unrestricted license to practice
medicine and surgery in the state of record and
be in good standing with the state department of
health and licensing board. Board Certification in
a specialty and the Certificate of Added Qualifi-
cation in Sports Medicine (American Boards of
Family Practice, Internal Medicine, Pediatrics, and
Emergency Medicine conjoint sponsorship since
1993) is recommended. The physician must be
certified in BLS and have a working knowledge
of sports emergency and trauma care with par-
ticular proficiency in the management of muscu-
loskeletal injuries and medical conditions encoun-
tered in sports. Additional training (e.g.,
fellowship, continuing medical education) and
certification in sports medicine, a significant clin-
ical practice of sports medicine (>50%), certifica-
tion in advanced life support (ALS) and advanced
trauma life support (ATLS), membership and par-
ticipation in a sports medicine society, involve-
ment in academic sports medicine (research,
teaching and scholarly publication), and a knowl-
edge base of compensation, disability, and med-
icolegal issues are desirable. Continuing medical
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education (CME) is available from local, regional,
and national sources, particularly the American
Academy of Family Physicians, American Acad-
emy of Orthopaedic Surgeons, American College
of Sports Medicine, American Medical Society of
Sports Medicine, American Orthopaedic Society
for Sports Medicine, and American Osteopathic
Academy of Sports Medicine. Additional oppor-
tunities exist through medical societies, peer
review journals, electronic media (CD-ROM, web-
sites), and other organizations such as the U.S.
Olympic Committee, National Basketball Associ-
ation Professional Team Physicians’ Society, Asso-
ciation of Ringside Physicians, National Football
League Team Physicians’ Society, or major league
baseball.

Sports physicians should consider writing arti-
cles on sports medicine for the lay press and
medical journals. The process of identifying a
researchable hypothesis, collecting data, and pre-
senting the findings at any of the many sports
medicine meetings (American College of Sports
Medicine, American Osteopathic Association of
Sports Medicine, or American Medical Society of
Sports Medicine) promotes continued evolution
and refinement of the specialty and enhances the
practitioner’s knowledge base and skill set.

Being a strong motivator and having excellent
verbal and written communication skills are
essential. Academic problems can be identified
and their management discussed within the con-
text of the sports medicine team. Equilibrium is
best achieved by regular weekly meetings; mid-
week is a good time for meetings, as light practice
sessions generally prevail then. The team physi-
cian also facilitates and coordinates interactions
with a panel of multidisciplinary consultants. In
such a manner, warmth and trust are promoted
among the team members, allowing for better
integrated performance of all members. Equanim-
ity ensures that professional judgment will prevail
over personal enthusiasm. Availability (e.g., hav-
ing a well-organized coverage system) during reg-
ular rounds on and off the field (sidelines, training
room, office, nights, and weekends) as well as
competitions, whether home or away, plus some
unstructured time is essential. Finally, involve-
ment in a sporting activity on a competitive or
recreational basis provides practical insights into
the world of the athlete. Training, competition,
and injury at a personal level help one understand
the athlete’s mindset and promote a healthy life-
style.

THE ROLE OF THE PHYSICIAN IN SPORTS
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RESPONSIBILITIES

The fundamental responsibilities of the job of
team physician require ensuring that athletes are
able to participate in a sports activity with the
assistance of health care that is confidential, max-
imizes prevention of and protection from injury,
and does not allow those needs to become sub-
ordinate to the team or institution.*> At the trainer,
coach, team, and institution levels, enjoyment,
education, facilitation of success, and protection
from liability are the goals.

How do we distinguish a committed sports
medicine physician from a physician who covers
only official competitions (i.e., a game doctor)?
Sports physicians must commit sufficient time and
expertise in order to optimize the potential of
each athlete under their care. Duties fall into two
broad categories: administrative and clinical.
Administrative duties include defining roles for
involved parties; establishing a chain of com-
mand; emergency drill planning and training;
event coverage protocols; medicolegal and mal-
practice responsibilities; assessing environmental
or playing conditions, as well as the supply and
status of equipment; and regular education of and
communication with athletes, athletic trainers,
coaches, parents, and officials regarding athlete-
related issues.

Clinical duties involve preparticipation screen-
ing and clearance; event coverage (grammar
school, high school, college, amateur, masters,
Olympics), including on-field and off-field man-
agement of injuries and rehabilitative and return-
to-play processes; proper medical record docu-
mentation and security; appropriate preventive
counseling and education regarding athletic prob-
lems (e.g., substance abuse, conditioning/train-
ing, ergogenic aids, nutrition, medical problems);
and coordination of all aspects of the sports med-
icine team. The latter requires ultimately assuming
the responsibility of clinical decision making for
an athlete’s safe participation in a sport. Perfor-
mance of a sport-specific exam by a physician
should be treated as a confidential matter, just as
when caring for a private patient.

Coaches and trainers can be taught to do
yearly performance tests such as flexibility,
strength, agility, endurance, and speed. Preven-
tive guidance includes weight-training programs,
defining fluid requirements, and equipment fit-
ting. Coaches’ and trainers’ knowledge of first aid
should be assessed and updated whenever nec-
essary, particularly with regard to basic life sup-
port. The training room (Athletic Medicine Unit)
must have a separate area with controlled access

and appropriate equipment (see Appendix 4).° In
addition, a crash kit for cardiopulmonary resus-
citation (CPR) and a sports medicine bag should
be prepared and maintained by the trainer and
periodically checked by the physician (Appendix
4). During away events, appropriate equipment
and supplies must be available either through
regular channels or from the host facility.

PROBLEM AREAS

When defining the relationship of the physician
to the team, league, or institution of record, an
explicit formal agreement or contract, preferably
in writing, should be made, particularly in cases
of monetary compensation. Having a written job
description and performance criteria is desirable.
At a minimum, the physician must have profes-
sional autonomy with respect to all clinical deci-
sions. Relationships with colleagues, malpractice
coverage, and financial incentives are common
challenges facing sports physicians. The physician
must be sure that his malpractice policy covers
clinical sports medicine issues, including emer-
gencies and trauma, outside the office setting.
Most traveling physicians, for instance, are not
covered outside their home state. Collegial rela-
tionships require regular attention. Communica-
tion and follow-up require closure in order to
maximize involvement and optimize outcomes.
For instance, failure to obtain a consultant’s report
or lack of feedback to the athlete’s primary care
physician leaves a palpable gap in the athlete’s
care in addition to endangering relationships with
colleagues. Playability issues require an open,
clear discussion in advance of a decision.

Much of a team physician’s work at the gram-
mar and high-school levels will be pro bono, or
on a volunteer basis. Reimbursement for prepar-
ticipation clearances and game coverage is usually
nominal. Some programs have special support
grants available, and compensation can be
received for injury evaluation and management.
At the college, amateur, and professional levels,
insurance coverage is usually available. Commu-
nity service and the ability to work with young
motivated patients provide immense personal sat-
isfaction, and the prestige and credibility within
the community afford significant marketing
opportunities for practice building.

HANDLING TEAM INJURIES®

Athletes are injured on and, more frequently, off
the playing field. Informed consent for treatment
must be sought at the patient/athlete (or
parent/guardian) level, and an injury control
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contract or letter of understanding must be estab-
lished early between the physician and adminis-
trative officials that clearly defines and delineates
responsibilities and chain of command for all
involved parties. It is of utmost importance that
the team physician have an emergency response
plan for practice and competition in place, with
arrangements being made beforehand with the
help of the trainer, coaches, and the opposing
team’s physician. The plan should be based on
an integrated medical system that includes pre-
season and game-day planning as well as post-
season evaluation. It should be regularly prac-
ticed. The telephone numbers of ambulances,
hospitals, physicians, and parents should be
readily available, in either the training kit or train-
ing room. In some communities the ambulance
is visible, in some it is hidden in order to reduce
parental apprehension, and in others the emer-
gency medical technicians (EMTs) or paramedics
(EMT-Ps) are on short call and respond readily if
they are needed. The emergency medical
response plan should be reviewed with the med-
ical staff of the opposing team, communication
equipment secured and checked, and examina-
tion and treatment sites identified. If the team
physician has difficulty remembering the players
and their health history, it is advisable to have
the medical records secured safely and taken
along with the team.

Game-day planning includes coordination by
the team physician of medical operations, admin-
istrative policies, and sports bag/medical supplies.
Before actual competition, the team physician is
responsible for the final clearance of all injured
or ill athletes. On game day, assessment and
management of injuries and medical illnesses
and return-to-play determinations, including fol-
low-up care instructions and notifications, are
essential.

When the physician is not present, the trainer
assumes responsibility for the athletic supervision.
When at an athletic contest, team physicians
should stay in the background and not lose per-
spective of their primary functions; they must be
alert to the action on the field, as injuries can be
more easily assessed if the mechanism of injury
is known. However, the physician must avoid
becoming so wrapped up in the competition that
he forgets to be available and prepared to take
action. Team protocol requires that only the
trainer go out onto the field to assess an injury,
thus reducing parental apprehension, especially
for minor injuries. If the physician is needed, the

trainer should use a prepared signal to call the
physician onto the field, at which point the
injured player becomes the physician’s patient.
The physician’s initial responsibility involves
assessing the extent of injury and deciding if,
when, and how to move the player. Because
performance outcomes, scholarships, and profes-
sional opportunities for individuals and the team
may hinge on a medical call, decisions made at
this time are critical. If an injury is judged not to
be life threatening, the player should be moved
to the sidelines for further evaluation. It is unwise
to determine the disposition of an athlete who
has not had his uniform removed for a thorough
examination.

A prompt decision on diagnosis and treatment
is essential before the desire to win clouds judg-
ment regarding the athlete’s playability. It is not
unusual for team physicians to take a helmet away
from an injured or overly anxious player in order
to prevent the player from returning to the game.
On the other hand, it is important to allow the
player to return to the game as soon as possible
when an injury is minor. A good rule of thumb
is “If in doubt, keep the athlete out” The physi-
cian’s words concerning injuries and playability
are final.

The team physician should always follow up
on the injured athlete during halftime, immedi-
ately after the game, and the following day in the
dressing room or private office or by telephone,
depending on the seriousness of the injury and
whether the player wishes to be consulted. If a
serious injury occurs, the team physician should
try to accompany the injured athlete to the hos-
pital. Per prior arrangement, the physician for the
opposing team, if available, should then be called
upon to serve both teams during the game. All
those concerned — parents, coaches, and players
— should be advised of the location of the hos-
pital to which an injured athlete is to be taken
in order to expedite the situation and reduce
anxiety. A follow-up visit and notification of
appropriate parties are appropriate. Careful doc-
umentation of all findings and medical record-
keeping are essential. On the field, a portable
dictation machine is useful. Transcription and fil-
ing of important data are a must and are functions
usually overseen by the athletic trainer.

Team physicians must always bear in mind
that their demeanor is being witnessed by an
anxious crowd of parents and spectators. The
ability to act immediately and with authority helps

THE ROLE OF THE PHYSICIAN IN SPORTS
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dispel the fear that often permeates the stands
after an injury. Living with the media is a reality;
referral of the press to the team coach or trainer
allows the physician to perform his duties.

Under the coordination of the team physician,
post-season follow-up benefits the care of injured
or ill athletes. Medical and administrative proto-
cols are improved, strategies to improve sideline
preparedness can be implemented, and the sea-
son’s illnesses and injuries can be compiled and
summarized. Post-season physicals and care, as
well as off-season conditioning programs, are
appropriate.

CONCLUSIONS

Sports and recreational activities during the for-
mative years help build character in youngsters,
provide preventive health care during adulthood,
and improve the quality of life in the elderly.
Coordinated involvement by primary care physi-
cians can favorably enhance appreciation of the
possibilities and limitations of athletics across the
entire life cycle. Specifically, a committed team
physician can wield a great deal of influence and
should use these strengths for the enrichment of
the active individual as well as the good of the
sport. Success can be measured by a lifelong
commitment to sports and recreational activities.
For the committed physician, it is an awesome
challenge and special privilege.
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INTRODUCTION physicians perform the examinations, 21 allow

The preparticipation examination is an important
aspect of athletic competition. Its purpose is to
identify athletes with medical conditions that limit
participation or predispose to injury, to assess
physical maturity and physical fitness, to assess
general health and identify health-risk behaviors,
and to meet legal and insurance requirements.!”’
It was not designed to prevent participation and
rarely does it do so. A recent study of 2739
athletes resulted in disqualification of only 1.9%
from participation in sports.® Another study of 596
athletes resulted in only a 0.2% clearance failure
rate.” The exam should be completed approxi-
mately 4 to 8 weeks prior to the beginning of the
sports season in order to allow adequate time for
rehabilitation and to order further diagnostic tests
if necessary.2-010

At the high school level, all states except
Rhode Island require a formal preparticipation
physical exam. While most states recommend that

medical exams to be done by non-physicians,
such as physician assistants and nurse practitio-
ners. Eleven states allow medical professionals
with little or no cardiovascular training (chiroprac-
tors and naturopathic clinicians) to perform the
sports physical.l!

Some physicians believe that the preparticipa-
tion exam should be performed annually. Many
authorities, however, believe that a complete
exam should be performed with each entry into
a higher level of competition (e.g., middle school
to high school, high school to college), with
interim histories and limited physical examina-
tions completed in between.>>!° The American
Heart Association recommends that a complete
preparticipation examination be performed for high
school athletes every 2 years and for collegiate
athletes upon entering the institution. Histories and
blood pressure measurements should be obtained
in the interim years, and any abnormalities should

* In the second edition, this chapter was authored by James T. Marron and James B. Tucker.
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be further investigated!? (Level of Evidence 5,
expert opinion).

The three main formats of the examination are
mass screening, locker room, and individual eval-
uations. Advantages and disadvantages exist for
each. Mass screening is usually more efficient, as
it involves many different stations staffed by var-
ious health professionals. It has been likened to
an assembly line. The stations usually consist of
vital signs, medical, and orthopedic stations. Usu-
ally the examiners are more sports minded than
the average primary care physician and theoreti-
cally are more likely to recognize abnormalities
than an individual physician because they are
responsible for only one section of the physical.
When Durant et al.’¥ compared both single and
multiple examiners, they found that multiple
examiners were more likely to detect abnormal-
ities on exam and to recommend further testing.
It was postulated that, because each examiner is
responsible for only part of the exam in mass
screening, he or she is more likely to find an
abnormality than an individual performing the
entire physical exam.!® Disadvantages to mass
screening include a noisy and hurried environ-
ment, lack of a personalized approach, poor com-
munication with the patient’s primary care phy-
sician and parents, and lack of privacy or
confidentiality.'~”

A second type of exam is conducted in the
locker room. This is probably the least effective,
as it focuses more on exam than on history.
Privacy is a concern, as athletes are undressed
and examined in front of their peers. Confiden-
tiality is also an issue, as usually a private area
for questioning is not available. The participants
are therefore less likely to disclose personal infor-
mation regarding health and high-risk behav-
jors. 414

Primary care physicians are responsible for a
large number of individual preparticipation exam-
inations. One major advantage of this style is that
the physician usually knows the personal and
family history as well as the family setting. The
primary physician is more likely to provide con-
tinuity of care and has an accessible medical
record. Athletes have an established relationship
with their primary physicians and therefore may
be more likely to confide in them regarding risky
behaviors that can affect competition. Many par-
ents and athletes use the preparticipation athletic
examination as their only contact with a doctor.
The office setting is much better at providing ade-
quate privacy than is mass screening. Unfortunately,
this type of evaluation has disadvantages, as well.

Often, a primary care physician is less knowl-
edgeable regarding sports requirements than phy-
sicians who volunteer to do the exams. Individual
exams are also more costly and time consuming
than mass screening. Some athletes do not have
access to primary care physicians, making an
individual exam difficult. Communication among
the athlete’s primary care physician, coach, and
athletic trainer is sometimes poor, making coor-
dination of care difficult.’=710

HISTORY

The history portion of the preparticipation exam
(PPE) is used to identify the majority of medical
problems that will affect athletes. The physician
needs to inquire about chronic medical illnesses,
surgical history, allergies, and current medica-
tions, including both prescription and over-the-
counter medicines. Answers appear to differ
depending on who completes the history form.
Carek et al.’® compared the answers given to
historical questions by athletes alone with those
given by athletes and parents together. The two
groups disagreed on questions related to cardio-
vascular, neurologic, musculoskeletal, and weight
issues. Interestingly, the athletes alone responded
with “yes” answers more than their parents. Peltz
et al.’® devised an efficient method of obtaining
data via the Internet for athletes at Stanford Uni-
versity. Regardless of how it is collected, the med-
ical history is by far the most important aspect of
the preparticipation examination.»3%1% The
Preparticipation Physical Examination Task Force
is an excellent guide to use to obtain a medical
history as well as for recording the physical exam-
ination (see Figure 3.1).!

HEENT

Many times the head and neck, eye, ear, nose,
and throat (HEENT) portion of the exam is deem-
phasized. An important aspect of the eye exam
is to note any differences in pupil size (anisocoria)
at baseline. This becomes important if the athlete
sustains a head injury. The physician should also
examine visual acuity. An athlete should have
corrected vision of 20/40 or better if engaging in
collision and contact sports. Protective eyewear
should be worn by all athletes participating in
sports that are high risk for eye injuries, especially
those athletes with poor vision or absence of an
eye. The presence of a single eye is a contrain-
dication to participation in sports in which eye
protection cannot be effectively worn such as
boxing and wrestling. Examination of the mouth
may show evidence of bulimic activity and/or
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Preparticipation Physical Evaluation

HISTORY | DATE OF EXAM
Niiie Sex Age Date of birth
Grade School Sport(s)
S Phone

Personal physician

In case of emergency, contact

Name Relationship Phone (H) (W)
Explain “Yes" answers b?Iw. Yes No
Ccle quastins you'dont know. the arswers 1o, 10. Do you use any special protective or corrective o O
Yes No equipment or devices that aren't usually used for
1. Have you had a medical illness or injury since your 5 2| your sport or position (for example, knee brace,
last check up or sports physical? special neck roll, foot orthotics, retainer on your
Do you have an ongoing or chronic illness? o o teeth, hearing aid)?
2. Have you ever been hospitalized overnight? o o 11. Have you had any problems with your eyes or vision? I TJ
Have you ever had surgery? o d Do you wear glasses, contacts, or protective eyewear? 1 [
3. Are you currently taking any prescription or |53 R 5] 12. Have you ever had a sprain, strain, or swelling after =1 [
nonpreseription {over-the-counter) medications or injury?
pills or using an inhaler? Have you broken or fractured any bones or dislocated T T
Have you ever taken any supplements or vitamins to [ [ any joints?
help you gain or lose weight or improve your Have you had any other problems with pain or I U
performance? swelling in muscles, tendons, bones, or joints?
4. Do you have any allergies (for example, to pollen, o O If yes, check appropriate box and explain below.
medicine, food, or stinging insects)? ] Head O Elbow [ Hip
Have you ever had a rash or hives develop duringor [ [ [ Neck [l Forearm [ Thigh
after exsrcise? ) , L [ Back 1 Wrist 01 Knee
5. Have you ever passed_ out dur:!ng or after e:ercilse? oo ] Chest 7 Hand 7 Shinfcalf
Have you ever been dizzy dl:II'II'lg or after e;cercnse'?_ 0O [ Shoulder Il Finger [ Ankle
Have you ever had chest pain during or after exercise? I [ I Upper it O Foot
?&ir\;ueg::;:“; miote.quickly e yaur frignds'do ki W 13. Do you want to weigh more or less than you do now? [ LI
r::ﬁbﬂs gver had racing of your heart or skipped 0 a3 z;:i'::n!!?;:;’rg;;ﬁ‘:::% fo maet weight oob
Have you had high blood pressure or high chalesteral? = [ 14. Do you feel stressed out? . o oo
Have you ever been told you have a heart murmur? 0 [ 15. ?ictl)sr}d ;he‘ dates of your most recent immunizations
Has any family member or relative died of heart 0 0O :_0 = Meanal
problems or of sudden death before age 507 B k
Have you had a severe viral infection (for example, T [ Hepatits B__________ Chickenpox
myocarditis or mononucleasis) within the last month? FEMALES ONLY .
Has a physician ever denied or restricted your = O 16." Whenwas your first menstrual pefiod? =
participation in sports for any heart problems? When was your most recent menstrual period?
8. Do you have any current skin problems (for example, [ [l How much time do you usually have from the start of one
itching, rashes, acne, warts, fungus, or blisters)? period to the start of another?
7. Have you ever had a head injury or concussion? o 0O How many periods have you had in the last year?
Have you ever been knocked out, become o o What was the longest time between periods in the last year?
unconscious, or lost your memory? Explain “Yes" s here:
Have you ever had a seizure? o o
Do you have frequent or severe headaches? O O
Have you ever had numbness or tingling in your arms, [ ]
hands, legs, or feet? _
Have you ever had a stinger, burner, or pinched nerve? ] L[]
8. Have you ever become ill from exercising in the heat? [ [ —
9. Do you cough, wheeze, or have trouble breathing e =
during or after activity?
Do you have asthma? o @
Do you have seasonal allergies that require medical [ O

treatment?

| hereby state that, to the best of my knowledge, my answers to the above questions are complete and correct.

Sii e of athlete Signature of parent/guardian Date

© 1997 American Acadiisy of Fnily Physicians, American Academy of Pediatrics, Americen Medical Society for Spos Medicine, American Orthopaedic Soctety for Sports Medicine, and

Arnérican Osteapatiic Acadeny of Sports Medicine

Figure 3.1 Preparticipation Physical Evaluation forms. (From Smith, D.M., Kovan, J.R., Rich, B.S.,
and Tanner, S.M., Preparticipation Physical Examination, 2nd ed., American Academy of Family
Physicians, American Academy of Pediatrics, American Medical Society for Sports Medicine, American
Orthopaedic Society for Sports Medicine, and American Osteopathic Academy of Sports Medicine,
Minneapolis, MN, 1997. With permission.)
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Preparticipation Physical Evaluation

PHYSICAL EXAMINATION |

Name Date of birth

Height Weight % Body fat (optional) Pulse BP__ s (__J ___,__/ )]

Vision R 20/ L 20/ Corrected: Y N Pupils: Equal Unequal

NORMAL ABNORMAL FINDINGS INITIALS"
MEDICAL
Appearance
Eyes/Ears/Nose/Throat
Lymph Nodes
Heart

Pulses

Lungs

Abdomen

Genitalia (males only}
Skin
MUSCULOSKELETAL
Neck

Back

Shoulder/arm

Elbow/forearm
Wrist/hand
Hip/thigh
Knee

Leg/ankle
Foot

* Station-based examination only

CLEARANCE r

J Cleared
J Cleared after completing evaluation/rehabilitation for:

3 Not cleared for: R L

R e _Bu ey

Name of physician (print/type) Date

Address Phone

Signature of physician — == , MD or DO
© 1997 American Academy of Family Phystcians, American Acadeny of Pediatrics, Amevican Medical Soctety for Spons Mediciie, Amevican Orhapavdic Sociery for Sports Medic ine, and

American Dsteopatbic Academy of Sports Medicine,

Figure 3.1 (Continued)

tobacco use and may help tip off the examiner to  ear examination can reveal a ruptured tympanic
delve into these topics. A high, arched palate may membrane, which is a risk factor for participation
be a clue to a patient with Marfan’s syndrome. The in swimming and diving.!-3510.17



CARDIAC

The cardiac history and physical exam are most
critical and require extra attention because of the
severity of the consequences if abnormalities are
overlooked. Sudden cardiac death among high
school athletes is estimated to occur at a fre-
quency of 1/100,000 to 1/300,000 high school
athletes per year.!>%2 These numbers are even
higher among older athletes. The most common
cause of sudden cardiac death among high school
athletes is hypertrophic cardiomyopathy. In ath-
letes over the age of 35, atherosclerotic disease
accounts for the majority of deaths. The next most
common cause of sudden cardiac death in young
athletes is coronary anomalies. Other causes
include ruptured aorta from Marfan’s syndrome,
aortic stenosis, myocarditis, dilated cardiomyop-
athy, arrhythmogenic right ventricular dysplasia,
mitral valve prolapse, long QT syndrome, and
intramural coronary arteries.!®-2?

The appropriate screening methods for cardiac
disease have been debated. Most agree that a
cardiac history and physical exam is the most
cost-effective approach for young athletes in
detecting cardiac abnormalities that may predis-
pose to sudden cardiac death. Electrocardio-
grams and echocardiograms have been used but
are not generally considered to be cost effective
and are not specific.'®?> While the sensitivity of
electrocardiograms in the setting of hypertrophic
cardiomyopathy is high, many normal hearts will
have abnormal electrocardiograms. In many struc-
turally normal hearts of athletes, repolarization
abnormalities, ST-T wave changes, findings con-
sistent with left ventricular hypertrophy, and vary-
ing degrees of atrioventricular block will be
observed.?? As with electrocardiograms, echocar-
diograms can lead to many more false positives
than true positives, as the incidence of cardiovas-
cular abnormalities that lead to sudden cardiac
death is so low. This could potentially lead to
wrongful disqualification of athletes from partic-
ipation. It has been estimated that the incidence
of hypertrophic cardiomyopathy is approximately
1/500.'822 At an average cost of $600 per echocar-
diogram, it could cost up to $300,000 to detect
one previously undiagnosed case.? If the inci-
dence of sudden death is 1/200,000, and assuming
the echocardiogram would detect all predisposing
conditions (not true), the cost would skyrocket
to $120,000,000 to prevent one death. Addition-
ally, many cardiac abnormalities that predispose
to sudden cardiac death, such as arrhythmogenic
right ventricular dysplasia, cannot be diagnosed
with an echocardiogram alone.'® Therefore, at this
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time, routine screening of all young athletes with
electrocardiography and echocardiography is not
recommended; however, athletes with positive
answers to the cardiac history questions and/or
abnormalities on physical examination should be
further evaluated.

Questions regarding the cardiac history are
very important, as it carries the highest risk for
sudden death on the athletic field. A number of
questions need to be addressed, including a his-
tory of exercise-induced lightheadedness, dizzi-
ness, or syncope; family history of sudden cardiac
death before the age of 50; chest pain; shortness
of breath or excessive fatigue with exercise; and
a history of murmur, irregular heart beats, or
palpitations. Many cardiac abnormalities can be
familial and include Marfan’s syndrome, hyper-
trophic cardiomyopathy, and atherosclerosis.
Arrhythmias, conduction abnormalities, anoma-
lous coronary arteries, and valvular disease may
result in symptoms of fatigue, lightheadedness,
dizziness, or syncope.!?35010141825 Syncope dur-
ing exercise is a much more worrisome finding
than syncope after exercise. If it occurs during
exercise, it is much more likely to be related to
an underlying medical condition that could be
life threatening. Syncope after exercise is more
likely associated with exercise-associated collapse
or exercise-related syncope. If exercise and mus-
cle contraction cease abruptly, the pumping
action of the skeletal muscle is lost. This, in
combination with a reflex vasodilation, results in
syncope.2l? A history of illegal drug use becomes
important, as cocaine use can cause sudden car-
diac death.”

Older individuals require a more in-depth car-
diac examination if they plan on engaging in
regular strenuous exercise or competitive sports
competition. Maron et al.» make the following
recommendations for older athletes. Men over the
age of 40 to 45 and women over the age of 50
to 55 with one or more risk factors for coronary
artery disease should undergo exercise stress test-
ing. These risk factors include hypercholester-
olemia or dyslipidemia, systemic hypertension,
current or recent cigarette smoking, diabetes mel-
litus, or history of myocardial infarction or sudden
cardiac death in a first-degree relative less than
60 years old. All athletes 65 years of age and
older and all athletes with symptoms of coronary
disease should undergo an exercise test. Athletes
younger than 65 who are asymptomatic and with-
out cardiac risk factors do not need to undergo
exercise stress testing. Echocardiography should
be performed on all patients if the history or
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TABLE 3.1

Coronary Artery Disease Risk Factor Thresholds for Use with ACSM Risk Stratification

Risk Factors

Defining Criteria

Positive

Family history

Cigarette smoking

Hypertension

Hypercholesterolemia

Impaired fasting
glucose

Obesity?
Sedentary lifestyle

Myocardial infarction, coronary revascularization, or sudden death before 55 years of
age in father or other male first-degree relative (i.e., brother or son) or before 65 years
of age in mother or other female first-degree relative (i.e., sister or daughter)

Current cigarette smoker or those who quit within the previous 6 months

Systolic blood pressure of >140 mmHg or diastolic of >90mm Hg, confirmed by
measurements on at least two separate occasions, or on antihypertensive medication

Total serum of cholesterol of >200 mg/dL (5.2 mmol/L) or high-density lipoprotein
cholesterol of <35 mg/dl (0.9 mmol/L), or on lipid-lowering medication; if low-density
lipoprotein cholesterol is available, use >130 mg/dL (3.4 mmol/L) rather than total
cholesterol of >200 mg/dL

Fasting blood glucose of >110 mg/dL (6.1 mmol/L) confirmed by measurements on at
least two separate occasions’

Body mass index (BMD of >30 kg/m? ® or waist girth of >100 c¢cm?

Persons not participating in a regular exercise program or meeting the minimal physical

activity recommendations” from the U.S. Surgeon General’s report'

Negative

High serum HDL
cholesterol®

>60 mg/dL (1.6 mmol/L)

4 Professional opinions vary regarding the most appropriate markers and thresholds for obesity; therefore, exercise professionals should

use clinical judgment when evaluating this risk factor.

b Accumulating 30 minutes or more of moderate physical activity on most days of the week.

¢ It is common to sum risk factors in making clinical judgments. If high-density lipoprotein (HDL) cholesterol is high, subtract one risk
factor from the sum of positive risk factors because high HDL decreases risk of coronary artery disease.

Source: Adapted from Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, JAMA, 269, 3015-3023, 1993.

physical is suggestive of valvular heart disease,
hypertrophic cardiomyopathy, arrhythmogenic
right ventricular cardiomyopathy, or prior myo-
cardial infarction. The American College of
Sports Medicine (ACSM) has different guidelines
for older athletes that are more stringent and rely
on risk stratification and moderate vs. strenuous
exercise (Tables 3.1 to 3.4).2°If cardiac abnormal-
ities are identified in both older and younger
athletes, the guidelines from the 26th Bethesda
Conference?” are an excellent reference regarding
recommendations for participation for various
cardiac problems. All recommendations are level
C (consensus/expert opinion).

The heart exam is the single most important
aspect of the physical exam because undetected
cardiac abnormalities can lead to sudden death.
The examiner should listen in a quiet area with
the patient in the sitting, squatting, and supine
positions. A murmur that is louder with a Valsava
maneuver or with a position that decreases
venous return should be further investigated, as
such a finding is associated with hypertrophic

cardiomyopathy. Any diastolic murmur and any
murmur that is higher than a grade 3/6 should
also be further evaluated. Femoral and brachial
arteries should be palpated to rule out coarctation
of the aorta. The patient should also be evaluated
for signs of Marfan’s syndrome, as this syndrome
is associated with aortic rupture and sudden car-
diac death. The physical exam findings include
an unusually tall person with a wide arm span,
pectus excavatum, long fingers, myopia, and dis-
placed lenses.l¢3,§.10,18,19,21—23

Blood pressure readings should be taken pref-
erably in a quiet, relaxed setting. If it is initially
elevated, the reading should be taken again after
a few minutes. If it is elevated a second time, the
athlete should lie down and rest for 10 to 15
minutes. Unfortunately, this is sometimes difficult
to do, especially in a mass screening type of
examination format. Hypertension itself does not
disqualify an athlete from participation unless it
is severe and untreated. Published guidelines can
help to determine the severity of the hypertension



TABLE 3.2
Major Signs or Symptoms Suggestive of
Cardiovascular and Pulmonary Disease?
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TABLE 3.3
Initial ACSM
Risk Stratification

Pain, discomfort (or other angina equivalent) in the
chest, neck, jaw arms, or other areas that may be due
to ischemia

Shortness of breath at rest or with mild exertion
Dizziness or syncope
Orthopnea or paroxysmal nocturnal dyspnea

Unusual fatigue or shortness of breath with usual
activities

Ankle edema
Palpitations or tachycardia
Intermittent claudication

Known murmur

¢ These symptoms must be interpreted in the clinical context in
which they appear because they are not all specific for cardiovas-
cular, pulmonary, or metabolic disease. For clarification and discus-
sion of the clinical significance of the signs or symptoms, see Glover
and Maron.!!

Source: Adapted from Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults, JAMA, 269,
3015-3023, 1993.

TABLE 3.4

Low risk Younger individuals® who are
asymptomatic and meet no more
than one risk factor from Table

3.1

Older individuals (men >45 years
of age; women >55 years of age)
or those who meet the threshold

Moderate risk

for two or more risk factors from
Table 3.1

Individuals with one or more
signs/symptoms listed in Table
3.2 or known cardiovascular,”
pulmonary ,© or metabolic? disease

High risk

4 Men <45 years of age; women <55 years of age.

b Cardiac, peripheral vascular, cerebrovascular disease.

¢ Chronic obstructive pulmonary disease, asthma, interstitial lung
disease, or cystic fibrosis (see American Heart Association'?).

4 Diabetes mellitus (types 1 and 2), thyroid disorders, renal or liver
disease.

Source: Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults, JAMA, 269, 3015-3023, 1993.

ACSM Recommendations for Current Medical Examination and Exercise Testing Prior
to Participation and Physician Supervision of Exercise Tests

Low Risk Moderate Risk High Risk
Current Medical Examination® and Exercise Testing Prior to Participation
Moderate exercise” Not necessary® Not necessary Recommended
Vigorous exercise? Not necessary Not necessary Recommended
Physician Supervision of Exercise Tests
Submaximal test Not necessary Not necessary Recommended
Maximal test Not necessary Recommended® Recommended

4 Within the past year (see Metzl?).

b Absolute moderate exercise is defined as activities that are approximately 3 to 6 METs or the equivalent of brisk walking at 3 to 4 mph
for most healthy adults.’> Nevertheless, a pace of 3 to 4 mph may be considered to be “hard” to “very hard” by some sedentary, older
persons. Moderate exercise may alternatively be defined as an intensity well within the individual’s capacity, one that can be comfortably
sustained for a prolonged period of time (about 45 minutes), has a gradual initiation and progression, and is generally noncompetitive. If
an individual’s exercise capacity is known, relative moderate exercise may be defined by the range 40 to 60% maximal oxygen uptake.

¢ The designation of “Not necessary” reflects the notion that a medical examination, exercise test, and physician supervision of exercise
testing would not be essential in the preparticipation screening: however, they should not be viewed as inappropriate.

4 Vigorous exercise is defined as activities of >6 METs. Vigorous exercise may alternatively be defined as exercise intense enough to
represent a substantial cardiorespiratory challenge. If an individual’s exercise capacity is known, vigorous exercise may be defined as an
intensity of >60% maximal oxygen uptake.

¢ When physician supervision of exercise testing is recommended, the physician should be in close proximity and readily available should
there be an urgent need.

Source: Adapted from Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, JAMA, 269, 3015-3023, 1993.
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TABLE 3.5

Classification of Hypertension by Age-Group
Age Significant Severe

Group Hypertension Hypertension

(years) (mmHg) (mmHg)

Children (6-9) Systolic, 2122 Systolic, 2130

Diastolic, 278  Diastolic, 286

Children (10-12) Systolic, 2126 Systolic, 2134

Diastolic, 282  Diastolic, 290

Adolescents (13-15)  Systolic, 2136 Systolic, >144

Diastolic, 286  Diastolic, 292
Adolescents (16-18)  Systolic, 2142

Diastolic, 292

Systolic, 2150

Diastolic, 298

Source: Task Force on Blood Pressure Control in Children, National
Heart, Lung, and Blood Institute, Bethesda, MD, Report of the
Second Task Force on Blood Pressure Control in Children — 1987,
Pediatrics, 79(1), 1-15, 1987.

and can be used in making clearance decisions
(Table 3.5).%

PULMONARY

Exercise-induced asthma is the most common
medical consideration in young athletes and can
be discovered by asking questions pertaining to
wheezing and/or coughing during exercise. Pos-
itive answers to these questions should lead to
further peak flow testing. Baseline readings can
be obtained and compared to readings taken after
exercise. A decrease of 10 to 15% is suggestive
of exercise-induced asthma. This can prove to be
an invaluable diagnosis because appropriately
diagnosed athletes can be optimally treated to
perform at their best. The lung exam is normal
in most cases. Even those with exercise-induced
asthma will usually have a normal exam at rest.
Participation is allowed for all sports if the asthma
is under control. Only athletes with severe asthma
will need restrictions on activity. Classic findings
are increased shortness of breath relative to oth-
ers, bronchospasm, and cough 10 to 15 minutes
into exertion or occasionally shortly after cessa-
tion of exercise.

A less common abnormality is primary spon-
taneous pneumothorax. Those who have under-
gone only conservative management should be
counseled on the risks of recurrence if they are
involved in strenuous or contact sports. Athletes
who have undergone thoracotomy or other inva-
sive procedures should be allowed to return to
all sports in 2 to 4 weeks. In either case, if a
pneumothorax does recur, the athlete should be
advised not to participate in contact sports.?

ABDOMEN

The abdominal exam should be done with the
athlete in a supine position, and all four quadrants
should be palpated. This allows the examiner to
evaluate the athlete for organomegaly. An acutely
enlarged liver or spleen is a contraindication to
collision/contact or limited-contact sports. Infec-
tious mononucleosis can cause acute splenome-
galy and puts the athlete at risk for splenic rup-
ture. An athlete should be kept out of competition
in strenuous noncontact sports for 3 weeks and
out of contact/collision sports for a full month
after infectious mononucleosis.'351% Another
important finding that should not be missed in
young female athletes is the presence of a gravid
uterus.

NEUROLOGIC

It is important to ascertain a past history of con-
cussions, including the severity and frequency of
occurrence, as well as loss of consciousness. This
may help to identify those individuals at greater
risk for recurrent injury. The many guidelines
regarding return-to-play criteria following concus-
sions all agree that an athlete should not be
allowed to return to play if still symptomatic from
a concussion. This can put an athlete at risk for
second impact syndrome, which results from a
second concussion that occurs before the athlete
is asymptomatic from the first. This can lead to
vascular engorgement and death.® All primary
care physicians should be familiar with guidelines
for continued participation in contact/collision
sports after repeated concussions. Guidelines pro-
posed by Cantu,* the Colorado Medical Society,!
and the American Academy of Neurology?3?
(Level 5 evidence, expert opinion) are most com-
monly used. History of a seizure disorder is also
important as it can affect the athlete’s eligibility
for certain sports such as archery, swimming, and
riflery. Burners/stingers or pinched nerves are
other neurologic complications that should be
addressed and recorded. They usually are the
result of stretching or compression of the cervical
nerve roots or brachial plexus. The physician
should inquire about transient quadriplegia,
which is a rare problem that presents as burning
pain, numbness or tingling, and weakness or
paralysis of all four extremities. If an athlete has
recurrent burner/stingers or transient quadriple-
gia, further workup should be performed to rule
out a structural abnormality. If such an abnormal-
ity exists, competition in contact/collision sports
should be restricted."?562



MUSCULOSKELETAL

The examiner should record a history of previous
orthopedic injuries. The purpose of this portion
of the history is to identify musculoskeletal abnor-
malities that may predispose to future injury. This
information can also be used to help individualize
rehabilitation programs. A recent study showed
that, of the athletes who were disqualified from
participation, the majority were not cleared sec-
ondary to musculoskeletal problems.?

Most musculoskeletal injuries are detected by
the history, and it is rare to find an abnormality
in an asymptomatic athlete without a history of
a previous injury. Thus, a general screening
approach (commonly termed the “2-minute ortho-
pedic exam”) is recommended, with a more
detailed exam of areas of prior injury. A general
screening examination has been developed and
has been accepted by many major medical asso-
ciations.! This screening examination in combina-
tion with an orthopedic history should be used
for asymptomatic athletes with no previous inju-
ries (Level of Evidence 1, randomized controlled
trial/meta-analysis).?* Joint-specific examinations
become important and should be performed if a
joint has been previously injured. Some physi-
cians may prefer to do the entire joint-specific
examination on all athletes; however, it is usually
unnecessary because it is low yield in asymptom-
atic individuals. Another variation of the muscu-
loskeletal exam is to do sport-specific examina-
tions. For example, an examiner may spend more
time on the shoulder exam of baseball players
and swimmers in order to maximize strength and
conditioning programs. Joint-specific and sport-
specific exams are more time consuming than the
general screening exam. The sport-specific exam-
ination is usually done by sports medicine phy-
sicians, as it requires more in-depth knowledge
of individual sports.!-357.1014.17

In general, clearance is denied to an athlete
with a musculoskeletal injury who has persistent
effusion or edema, loss of functional ability,
strength that is less than 85 to 90% of the unaf-
fected side, and significantly decreased range of
motion.! Spinal conditions that are cause for dis-
qualification include symptomatic spondylolysis,
spondylolisthesis, functional cervical spinal steno-
sis, spear tackler’s spine, and herniated discs with
cord compression.h'7 Referral to a specialist is
warranted when the examining physician is
unsure of the clearance guidelines for particular
musculoskeletal disorders.
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DERMATOLOGIC

The physician should inquire about certain skin
infections, such as herpes simplex, impetigo,
boils, scabies, and molluscum contagiosum.
When an athlete is contagious, participation in
sports that involve mats (such as wrestling, gym-
nastics, and martial arts) as well as contact/colli-
sion sports or limited-contact sports should not
be allowed‘l,2,§,10.17<54

GENITOURINARY

Athletes with a single kidney or testicle require
special consideration. The American Academy of
Pediatrics formerly recommended that a single
kidney was a contraindication to participation in
high-contact sports.® This is no longer true. Now
the recommendation is for athletes with a single
kidney to be assessed on an individual basis to
determine eligibility for high-contact sports.?> The
use of a “flak” jacket is recommended for mod-
erate-contact sports."® A single testicle is not a
contraindication to athletic participation, but a
protective cup should be worn. The athlete and
parents must be informed of the risks of injury
or loss to the remaining testicle.!2510.17

HEAT ILLNESS

A prior episode of heat-related illness may pre-
dispose to future problems. It becomes more
apparent in hot, humid environments. Coaches
and trainers need to be aware of the risks of heat
stroke and allow adequate time for rehydration.
Athletes at risk need to be especially cautious so
as not to become overheated. The physician
should also inquire about medications such as
diuretics, antihistamines, amphetamines, and
ergogenic aids such as ephedra and creatine that
may predispose to dehydration. Assessments for
clearance need to be done on an individual basis
if there is a history of heat illness. A restriction
to cooler environments might be warranted in
certain cases.!>’

SPECIAL CONSIDERATIONS
FOR THE FEMALE ATHLETE

Certain questions should be addressed during the
preparticipation physical examination of women.
The female athlete triad refers to a pattern of
disordered eating, amenorrhea, and abnormal
bone mineral density and is a common problem
encountered among women athletes. It is seen in
higher frequency in sports where appearance is
important or thinness is an advantage such as
gymnastics and distance running. The examiner
should inquire about age at menarche, frequency
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TABLE 3.6

Classification of Sports by Contact

Contact/Collision Limited Contact Noncontact
Basketball Baseball Archery
Boxing? Bicycling Badminton
Diving Cheerleading Body building

Field hockey

Canoeing/kayaking (white water)

Football Fencing

Flag Field (high jump, pole vault)
Tackle Floor hockey

Ice hockey Gymnastics

Lacrosse Handball

Martial arts
Rodeo
Rugby

Ski jumping
Soccer

Team handball

Horseback riding

Racquetball

Skating (ice, inline, roller)

Skiing (cross-country, downhill, water)
Softball

Squash

Canoeing/kayaking (flat water)

Crew/rowing
Curling

Dancing

Field (discus, javelin, shotput)

Golf
Orienteering
Power lifting
Race walking
Riflery

Rope jumping
Running
Sailing

Scuba diving

Water polo Ultimate frisbee
Wrestling Volleyball
Windsurfing/surfing

Strength training
Swimming
Table tennis
Tennis

Track

Weight lifting

4 Participation not recommended by the American Academy of Pediatrics; the American Academy of Family Physicians, American Medical
Society for Sports Medicine, American Orthopaedic Society for Sports Medicine, and American Osteopathic Academy of Sports Medicine

have no stand against boxing.

Source: From American Academy of Pediatrics Committee on Sports Medicine and Fitness, Pediatrics, 94(5), 757-776, 1994. With permission.

of menstrual periods, history of stress fractures,
and eating patterns. The benefit of hormonal
therapy for amenorrheic athletes remains in ques-
tion, but most researchers and the authors agree
that oral contraceptive pills should be given in
order to try to increase bone mineral density and
therefore prevent stress fractures. While the pres-
ence of eating disorders is rarely cause for dis-
qualification, recognizing them can aid in getting
the athlete the appropriate counseling. Left
untreated, eating disorders can lead to menstrual
irregularities, osteoporosis, poor cold tolerance,
bradycardia, electrolyte abnormalities, gas-
trointestinal problems, acid-base disorders, car-
diac abnormalities, infertility, organ failure, and
even death.!563037

ROUTINE SCREENING TESTS

Routine laboratory tests such as a urinalysis or
complete blood count, are not recommended
(Level of Evidence B, other evidence).341433 If
however, the history or physical examination
raises concerns, then further tests should be
ordered. For example, a female with a history of
heavy menstrual flow, poor eating habits, and
fatigue should have her hematocrit checked and
perhaps iron studies evaluated. A person with a
family history of sickle cell disease should also
have a complete blood count with evaluation of
the peripheral smear. Urinalysis should be per-
formed if the athlete provides a history of hema-
turia, dysuria, or polycystic kidney disease. A
fasting lipid profile should be performed on those
with a family history of premature coronary artery



TABLE 3.7

Classification of Sports by Strenuousness
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High-to-Moderate Intensity

Low Intensity

High-to-Moderate Dynamic
and Static Demands

High-to-Moderate Dynamic
and Low Static Demands

High-to-Moderate Static and
Low Dynamic Demands

Low Dynamic and
Low Static Demands

Boxing?®
Crew rowing

Cross-country skiing

Badminton
Baseball
Basketball

Cycling Field hockey
Downbhill skiing Lacrosse
Fencing Orienteering
Football Ping pong
Ice hockey Race walking
Rugby Racquetball
Running (sprint) Soccer
Speed skating Squash
Water polo Swimming
Wrestling Tennis
Volleyball

Archery Bowling
Auto racing Cricket
Diving Curling
Equestrian Golf
Field events (jumping) Riflery

Field events (throwing)
Gymnastics

Karate or judo
Motorcycling

Rodeoing

Sailing

Ski jumping

Water skiing

Weight lifting

 Participation not recommended by the American Academy of Pediatrics; the American Academy of Family Physicians, American Medical
Society for Sports Medicine, American Orthopaedic Society for Sports Medicine, and American Osteopathic Academy of Sports Medicine

have no stand against boxing.

Source: From American Academy of Pediatrics Committee on Sports Medicine and Fitness, Pediatrics, 94(5), 757776, 1994. With permission.

disease to evaluate for familial types of hyperlip-
idemia.®> Controversy exists regarding neck imag-
ing in athletes with Down’s syndrome. The Spe-
cial Olympics supports a policy that all athletes
with Down’s syndrome undergo cervical radio-
graphs with extension and flexion views to rule
out atlantoaxial instability; however, the American
Academy of Pediatrics no longer supports this
policy. In conclusion, routine screening tests are
not recommended, but further tests should be
done if warranted by the history and physical.

CLEARANCE

Determining clearance for an athlete is a difficult
task for physicians. The preparticipation exami-
nation form should include a section that indicates
whether or not the athlete has been cleared for
sports participation. An athlete should not be
cleared for participation if the sport constitutes a
health risk for the individual or puts other athletes
at risk for injury. Sometimes limited competition
may be allowed during treatment or if protective
equipment is used. The physician may choose to
allow clearance pending further investigation of
specific problems. Sports are generally classified by
the amount of contact and how strenuous they are
(Tables 3.6 and 3.7). Determination of clearance

THE ROLE

should take into account the type of sport in
which the individual will be competing. The 26th
Bethesda Conference guidelines are an excellent
resource when deciding on clearance for cardiac
abnormalities, and general clearance guidelines
can be found in Figure 3.2.! Most of the time,
clearance must be determined on an individual
basis. Occasionally, an athlete or an athlete’s par-
ents will disagree with the doctor’s recommenda-
tion to deny clearance. Under the Rehabilitation
Act of 1973 and the Americans with Disabilities
Act of 1990, the athlete may actually have the
right to participate against medical advice. If the
athlete does decide to participate, an exculpatory
waiver should be signed by the athlete and/or
parent(s)/guardian(s) that indicates awareness of
the risks of participation and prohibits bringing
suit against the physician in the event of injury.
Unfortunately, the validity of this type of waiver
varies from state to state, so it may not completely
protect the physician from legal action.

CONCLUSION

The preparticipation physical examination is impor-
tant to help ensure safety in athletic participation.
It is not intended to and rarely does it result in
disqualification of athletes from competition. The
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Medical Conditions and Sports Participation*

Condition May Participate

Atlantoaxial instability (instability of the joint between cervical vertebrae 1 and 2) Qualified yes

Explanation: Athlete needs evaluation to assess risk of spinal cord injury during sports
participation.

Bleeding disorder Qualified yes

Explanation: Athlete needs evaluation.

Cardiovascular disease
Carditis (inflammation of the heart) No

Explanation: Carditis may result in sudden death with exertion.

Hypertension (high blood pressure) Qualified yes

Explanation: Those with significant essential (unexplained) hypertension should avoid
weight and power lifting, body building, and strength training. Those with secondary
hypertension (hypertension caused by a previously identified disease) or severe essential
hypertension need evaluation. The National High Blood Pressure Education Working group?
defined significant and severe hypertension.

Congenital heart disease (structural heart defects present at birth) Qualified yes

Explanation: Those with mild forms may participate fully; those with moderate or severe
forms or who have undergone surgery need evaluation. The 26th Bethesda Conference? defined
mild, moderate, and severe disease for common cardiac lesions.

Dysrhythmia (irregular heart rhythm) Qualified yes

Explanation: Those with symptoms (chest pain, syncope, dizziness, shortness of breath, or
other symptoms of possible dysrhythmia) or evidence of mitral regurgitation (leaking) on
physical examination need evaluation. All others may participate fully.’

Heart murmur Qualified yes

Explanation: If the murmur is innocent (does not indicate heart disease), full participation is
permitted. Otherwise, the athlete needs evaluation (see congenital heart disease and mitral
valve prolapse®).

Cerebral palsy Qualified yes

Explanation: Athlete needs evaluation.

Diabetes mellitus Yes

Explanation: All sports can be played with proper attention to diet, blood glucose
concentration, hydration, and insulin therapy. Blood glucose concentration should be
monitored every 30 minutes during continuous exercise and 15 minutes after completion of
exercise.

Diarrhea Qualified no

Explanation: Unless disease is mild, no participation is permitted, because diarrhea may
increase the risk of dehydration and heat illness. See fever.

Figure 3.2 Medical Conditions and Sports Participation form. (From American Academy of Pediatrics
Committee on Sports Medicine and Fitness, Pediatrics, 107(5), 1205-1209, 2001. With permission.)
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Eating disorders
Anorexia nervosa
Bulimia nervosa
Explanation: Patients with these disorders need medical and psychiatric assessment before
participation.
Eyes
Functionally one-eyed athlete
Loss of an eye
Detached retina
Previous eye surgery or serious eye injury

Explanation: A functionally one-eyed athlete has a best-corrected visual acuity of less than
20/40 in the eye with worse acuity. These athletes would suffer significant disability if the
better eye were seriously injured, as would those with loss of an eye. Some athletes who
previously have undergone eye surgery or had a serious eye injury may have an increased
risk of injury because of weakened eye tissue. Availability of eye guards approved by the
American Society for Testing and Materials and other protective equipment may allow
participation in most sports, but this must be judged on an individual basis.®”

Fever

Explanation: Fever can increase cardiopulmonary effort, reduce maximum exercise capacity,
make heat illness more likely, and increase orthostatic hypertension during exercise. Fever
may rarely accompany myocarditis or other infections that may make exercise dangerous.

Heat illness, history of

Explanation: Because of the increased likelihood of recurrence, the athlete needs individual
assessment to determine the presence of predisposing conditions and to arrange a prevention
strategy.

Hepatitis

Explanation: Because of the apparent minimal risk to others, all sports may be played that
the athlete’s state of health allows. In all athletes, skin lesions should be covered properly,
and athletic personnel should use universal precautions when handling blood or body fluids
with visible blood.?

Human immunodeficiency virus infection

Explanation: Because of the apparent minimal risk to others, all sports may be played that
the athlete’s state of health allows. In all athletes, skin lesions should be covered properly,
and athletic personnel should use universal precautions when handling blood or body fluids
with visible blood.?

Kidney, absence of one

Explanation: Athlete needs individual assessment for contact, collision, and limited-contact
sports.

Liver, enlarged

Explanation: 1f the liver is acutely enlarged, participation should be avoided because of risk
of rupture. If the liver is chronically enlarged, individual assessment is needed before collision,
contact, or limited-contact sports are played.

Figure 3.2 (Continued)
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Malignant neoplasm Qualified yes

Explanation: Athlete needs individual assessment.

Musculoskeletal disorders Qualified yes

Explanation: Athlete needs individual assessment.

Neurologic disorders

History of serious head or spine trauma, severe or repeated concussions, or crainotomy.”!? Qualified yes

Explanation: Athlete needs individual assessment for collision, contact, or limited-contact
sports and also for noncontact sports if deficits in judgment or cognition are present. Research
supports a conservative approach to management of concussion.”!

Seizure disorder, well-controlled Yes

Explanation: Risk of seizure during participation is minimal

Seizure disorder, poorly controlled Qualified yes

Explanation: Athlete needs individual assessment for collision, contact, or limited-contact
sports. The following noncontact sports should be avoided: archery, riflery, swimming, weight
or power lifting, strength training, or sports involving heights. In these sports, occurrence of
a seizure may pose a risk to self or others.

Obesity Yes

Explanation: Because of the risk of heat illness, obese persons need careful acclimatization
and hydration.

Organ transplant recipient

Explanation: Athlete needs individual assessment.

Ovary, absence of one Yes

Explanation: Risk of severe injury to the remaining ovary is minimal.

Respiratory conditions
Pulmonary compromise, including cystic fibrosis Qualified yes

Explanation: Athlete needs individual assessment, but generally, all sports may be played if
oxygenation remains satisfactory during a graded exercise test. Patients with cystic fibrosis
need acclimatization and good hydration to reduce the risk of heat illness.

Asthma Yes
Explanation: With proper medication and education, only athletes with the most severe asthma

will need to modify their participation.

Acute upper respiratory infection Qualified yes
Explanation: Upper respiratory obstruction may affect pulmonary function. Athlete needs

individual assessment for all but mild disease. See fever.

Sickle cell disease Qualified yes

Figure 3.2 (Continued)
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Explanation: Athlete needs individual assessment. In general, if status of the illness permits,
all but high exertion, collision, and contact sports may be played. Overheating, dehydration,
and chilling must be avoided.

Sickle cell trait

Explanation: 1t is unlikely that persons with sickle cell trait have an increased risk of sudden
death or other medical problems during athletic participation, except under the most extreme
conditions of heat, humidity, and possibly increased altitude.! These persons, like all athletes,

Yes
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should be carefully conditioned, acclimatized, and hydrated to reduce any possible risk.

Skin disorders (boils, herpes simplex, impetigo, scabies, molluscum contagiosum)

Qualified yes

Explanation: While the patient is contagious, participation in gymnastics with mats; martial
arts; wrestling; or other collision, contact, or limited-contact sports is not allowed.

Spleen, enlarged

Qualified yes

Explanation: A patient with an acutely enlarged spleen should avoid all sports because of
risk of rupture A patient with a chronically enlarged spleen needs individual assessment before

playing collision, contact, or limited-contact sports.

Testicle, undescended or absence of one

Explanation: Certain sports may require a protective cup.

Yes

* This table is designed for use by medical and nonmedical personnel. “Needs evaluation” means that a physician with appropriate knowledge
and experience should assess the safety of a given sport for an athlete with the listed medical condition. Unless otherwise noted, this is
because of variability of the severity of the disease, the risk of injury for the specific sports listed in Table 1, or both.

Figure 3.2 (Continued)
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INTRODUCTION physicians with the legal regulations affecting

With the growth of participation in sports, the
sports medicine team and the medicolegal aspects
of sports medicine have also grown in impor-
tance. Although the legal aspects of sports med-
icine are constantly evolving, having an under-
standing of the basic legal principles involved in
providing medical care to athletes of all ages is
vital to the successful practice of sports medicine.
That knowledge will also help to dispel fears
about liability that otherwise may prevent some
physicians from engaging in the practice of sports
medicine. This chapter is designed to familiarize

sports medicine.

ROLE OF THE TEAM PHYSICIAN
Although they come from a variety of back-
grounds, team physicians should practice sports
medicine according to relevant standards of care
for both emergency and non-emergency situa-
tions. They should keep updated on the treatment
of individual athletes and teams.! Some physicians
are hired by a school or team to provide medical
services for a specific athletic contest or series of
events, whereas others volunteer to provide those
services gratis (without charge). A spectator at an

* In the second edition, this chapter was authored by Emidio A. Bianco and Elmer J. Walker.
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athletic event who happens to be a physician may
also aid an athlete in case of an emergency (see
The Good Samaritan section).

A team physician consensus statement, which
outlines the duties of a team physician, has been
developed by a sports medicine project-based
alliance of six major professional sports medicine
organizations.? The major responsibilities of the
team physician include preparation of prepartic-
ipation evaluations of athletes, treatment and
management of injuries, supervision of rehabili-
tation, and education of athletes, teams, athletic
staff, and schools on multiple topics such as
protective equipment, injury prevention, minimiz-
ing injuries, conditioning guidelines, infection
precautions, and nutrition. The team physician
should be familiar with the injury patterns com-
monly seen in specific sports. It is also important
for the team physician to be cognizant of the
rules regarding the athletes’ medical eligibility and
to be vigilant when prescribing any medication
for any potential impact on an athlete’s ability
and eligibility to play. The team physician may
also be involved in decisions about athletes or
teams playing in various environmental condi-
tions. An extremely important function of the
team physician is to ensure that a well-conceived
plan is in place to handle emergencies. Although
the details of actual emergency situations vary,
ideally a trial run should be performed to smooth
out any apparent wrinkles in the emergency plan
before an actual emergency arises.

TEAM PHYSICIAN AGREEMENT
Team physician responsibilities can vary depend-
ing on the sport, level of competition, sports
governing body, school league, university, age of
athlete, etc. In addition, the team physician may
be treating the athlete in a variety of situations
from the relative calm of the office to the intense
pressure of an important game. In order for the
team physician to be able to treat the athletes
according to the standard of care, no matter what
the situation, it is strongly recommended that
prior to beginning to serve as a team physician
the physician should have a written agreement
or contract that delineates the team physician’s
duties and role particularly regarding return-to-
play decisions. The agreement should be between
the physician and the team or governance orga-
nization for the team such as the school district,
university, or sports league.!

SPORTS MEDICINE LIABILITY

Some physicians are hesitant to practice sports
medicine because of fear of being sued. If a sports
medicine physician is sued for medical treatment
given or failure to treat an athlete and if the case
results in a trial, the key question will be, “Did
the physician abide by the standard of care?” The
standard of care in sports medicine is constantly
evolving, and the plaintiff and the defense will
bring in experts to testify on the issue. To be
found liable for medical malpractice, a sports
medicine physician must be found to have been
negligent. For a litigant to prevail against the
physician on a claim of medical malpractice, four
elements of negligence must be considered: duty,
breach, causation, and damages.

The first element, duty, refers to whether the
team physician has a physician—patient relation-
ship, an obligation recognized by law that results
in a duty to care for the athlete in question. Where
such a relationship or duty exists, the physician
must competently care for the athlete at the min-
imum skill level of other physicians who provide
medical treatment for such an injury.

The second element, breach, reflects a failure
to conform to the requisite standard of care
(expected of a reasonably competent sports phy-
sician in similar circumstances) for the athlete.
Much of the testimony in medical malpractice
cases consists of expert witnesses for the patient/
plaintiff and the physician/defendant who attempt
to demonstrate that the physician’s diagno-
sis/treatment did not or did conform to the stan-
dard of care owed to the patient.

The third element, causation, is proven if the
plaintiff demonstrates that the physician’s breach
of the duty of care (that is, the failure to provide
the minimum skill level to the patient) resulted
in (that is, had a sufficient causal connection to)
the specific harm befalling the patient/athlete. A
physician cannot be found negligent by causation
unless the medical treatment (or failure to treat)
fell below the standard of care and resulted in
harm or injury to the patient. For example, if a
team physician fails to diagnose a fractured fibula
in a football player who returns to the game and
subsequently dislocates his shoulder, causation
has not been proven. This is because the treat-
ment (or lack thereof) involving the fibula did
not cause the injury to the shoulder.

The fourth element of negligence is damages.
To have a viable case against a physician, the
patient/athlete must have sustained some quanti-
fiable damages, whether they be physical, finan-
cial, or emotional costs.! This means that if the
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team physician renders medical treatment below
the standard of care that proximately causes an
injury but no damages result, a negligence claim
should not hold up in court. A sports physician
who engages in care of athletes must possess a
similar degree of skill, learning, and care com-
pared to reasonably competent sports physicians
acting under similar circumstances. For example,
a reasonably competent sports physician should
be aware that an athlete who sustains a head
injury and is knocked unconscious should be
assumed to have an associated cervical spine
injury and an immediate airway, breathing, circu-
lation, and appropriate neurological evaluation
plus immobilization should be performed.? If a
sports medicine physician does what a reasonably
competent sports medicine physician would do
under the same or similar circumstances, an ath-
lete/plaintiff will be unlikely to prevail on a claim
of negligence against the physician.

Medical Malpractice Insurance

It is essential that a team physician’s malpractice
insurance cover the scope of the physician’s prac-
tice of sports medicine. Because many of the
patients treated by team physicians (particularly
in a school setting) are minors (who in certain
circumstances can file lawsuits upon reaching the
age of majority), careful consideration must be
given to the type of insurance coverage selected
by the team physician.

Malpractice insurance can be divided into two
main types: occurrence and claims-made. Occur-
rence insurance provides coverage for alleged
malpractice events that occur during the policy
period but which can be brought to court during
or after the period of the policy. Because occur-
rence insurance covers the physician for the
alleged events, even after the time period of the
policy may have ended, it does not require tail
coverage. In contrast, claims-made insurance pro-
vides coverage for alleged malpractice events that
occur and were brought to court during the time
that insurance policy was in effect. When a phy-
sician has claims-made insurance, it is recom-
mended that the physician acquire tail coverage
to ensure malpractice coverage in case a claim is
filed at a later date.

Some malpractice carriers place restrictions
that deny coverage for certain activities. If a phy-
sician’s malpractice insurance does not cover
sports medicine activities, he should obtain addi-
tional insurance coverage before participating in
uncovered medical practice. It is important for the
physician to be knowledgeable about potential

exclusions on the malpractice policy, such as the
practice of medicine outside the physical confines
of an office or hospital, that may preclude the
physician from conducting examinations at a
gymnasium or covering athletic events. Addition-
ally, if a physician travels with a team, it is impor-
tant to check the “territory” section of a malprac-
tice policy to see if the locale to which the
physician is traveling is within the scope of cov-
erage of the insurance policy.

THE TRAVELING TEAM
PHYSICIAN

It is possible that when a team physician accom-
panies a team out of state (where the team phy-
sician is not licensed to practice medicine) that
the physician might be perceived as practicing
medicine without a license. In order to avoid this
problem, team physicians must become familiar
with the laws governing the practice of medicine
in other states. A good place to gather information
or resources concerning another state’s medicole-
gal policies is through that state’s medical board.
Some states allow physicians who are licensed in
another state to practice medicine occasionally in
their state, as long as the physician does not have
an office in that state or purport to be licensed
in the visiting state; others do not.! It is the
responsibility of team physicians to know the
laws of the state that they are visiting.

When traveling to other states, physicians
should familiarize themselves with the protocols
and standard of care for sports medicine providers
in that domain. It is important to learn the emer-
gency policies and procedures before the visiting
athletes engage in sports activities to provide for
their safety. It is also recommended that the local
sports medicine providers be apprised of any
special medical needs of traveling team members.
Physicians repeatedly traveling with a university
or professional teams often form informal rela-
tionships with physicians in the same sports
leagues who can help inform them of local pol-
icies and provide for any special medical needs
of their athletes. To be safe, physicians should
refer to the local medical board or legal counsel
when in doubt.

Physicians traveling domestically must also be
aware of travel restrictions on the contents of the
sports medicine bag. For example, airline carriers
restrict flammable substances such as ethylene
glycol spray and some sprays used for athletic
taping, as well as sharp objects that are frequent
components of a physician’s medical bag. Inter-
nationally, some prescription medications such as

THE ROLE OF THE PHYSICIAN IN SPORTS
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narcotics may be illegal to carry into some foreign
countries and may place the physician at risk of
being accused of drug trafficking. The U.S.
Embassy can provide such information before
foreign travel. Depending on where the team
travels internationally, a ready supply of emer-
gency equipment that we have come to expect
domestically, such as spineboards and external
defibrillators, may not be available. Another
aspect of traveling with teams domestically and
abroad arises when the team is comprised of
minors. Traveling team physicians should make
sure that each player’s parent or guardian has
completed written treatment authorization forms
in case the need for treatment arises and the
parent or guardian cannot be reached.

THE GOOD SAMARITAN

Many physicians volunteer their time to serve as
team physicians and/or to perform preparticipa-
tion evaluation. Other physicians fear legal liabil-
ity so they do not volunteer their time. Because
the United States is such a litigious society, it is
quite reasonable for prospective team physicians
to question whether they are protected from a
lawsuit under a Good Samaritan statute. Good
Samaritan statutes were enacted to protect per-
sons who offer medical assistance to those in
need of treatment from liability! and exist in some
form in all 50 states.

Unfortunately, it is not possible for a team
physician to be totally protected from liability.
Anyone can be sued; however, just because a
case is filed does not mean it has any merit or
will proceed to trial.* It is not uncommon for
cases to be dismissed or verdicts to be found in
favor of the physician in those instances where
the doctor voluntarily came to the aid of another
person in an emergency situation. In such cases,
the Good Samaritan law has been successfully
invoked as a defense.*

It is essential that team physicians know the
parameters of the Good Samaritan law in each
state where they will be rendering athletic cov-
erage. Some states, in order to encourage the
rendering of volunteer medical care by physi-
cians, have passed Good Samaritan legislation
that specifically protect from liability those phy-
sicians who volunteer as athletic team physicians
and/or who render care at athletic events or in
other emergency situations. California is one such
state.*°

The parameters of Good Samaritan laws can
vary from state to state. As a general rule, how-
ever, most state Good Samaritan statutes protect

a particular class of persons (i.e., some states
protect all persons rendering assistance, while
other statutes specifically protect particular
healthcare providers such as physicians and
nurses) acting in good faith in an emergency
setting, where the provider’s assistance has con-
formed to the profession’s conduct standards
under the circumstances and where the assistance
has been provided without compensation.! In
other words, the Good Samaritan must rescue or
aid with honest intentions (good faith) at an emer-
gency scene (such as an automobile accident,
sporting event, or other locations specified by
statute, normally not in a hospital or office), per-
forming the aid with the minimum standard of
care (without negligence) and performing the aid
gratuitously (for free). Most significantly, team
physicians must ensure that they are not receiving
compensation for their service, or their protection
under a state’s Good Samaritan statutes could be
invalidated. Receiving a team shirt, a free meal,
or bus ride with the team has not been deemed
to be monetary compensation.!

THE PREPARTICIPATION
EVALUATION

Physicians are often asked to perform prepartic-
ipation evaluations (PPEs) to certify if an athlete
can participate in certain sports or activities. Many
school systems and states require these evalua-
tions.” It is important to be aware that although
many physicians perform PPEs without charge,
most state Good Samaritan statutes do not protect
physicians from potential liability, such as failure
to diagnose a medical condition or injury, as a
PPE is not an emergency evaluation.*> One area
of the PPE that poses the greatest liability risk is
failure to diagnose a cardiac abnormality, such as
an arrhythmia or other anomaly, that can be
associated with sudden death in athletes. This is
one reason why physicians must be in a setting
during PPEs where they can adequately auscultate
the heart. Unfortunately, many PPEs are con-
ducted in mass settings that may be quite noisy.
One of the most publicized legal cases involving
cardiac sudden death in an athlete surrounded
the death of basketball star Hank Gathers.® The
cardiac anomaly known as hypertrophic obstruc-
tive cardiomyopathy (HOCM) has been associated
with sudden death in athletes and can be a sig-
nificant challenge for sports physicians because
HOCM is often asymptomatic and thus not easily
identified during a medical history and/or phys-
ical examination. HOCM may be identified in
some cases by echocardiography; however, it may
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only be visible under exercise conditions. Another
cardiac anomaly associated with death in athletes
is rupture of the aorta in an athlete with Marfan’s
disorder. An athlete who has a prior injury that
was inadequately rehabilitated and is subse-
quently re-injured by participating in sports poses
another source of liability for physicians. Athletes
or their families have been known to sue sports
medicine physicians, alleging negligent failure to
discover latent injuries or physical defects.> The
best protection from liability is for the physician
to adhere to accepted sports medicine practices
under the circumstances. Sometimes athletes fail
to disclose information about medical conditions
or prior injuries on their history or, in the case
of minors, they may have signed their history
sheet without their parent’s knowledge and input.
A physician can be held liable if found negligent
in determining fitness or giving sports clearance
that subsequently results in a causal injury.
Being aware of the potential liability from per-
forming PPEs, physicians should pay close atten-
tion to their selection of venue in which to per-
form those evaluations. Some of the venues
include individual visits by athletes to the doctor’s
office; a location such as a gymnasium, where
multiple athletes are seen individually at sequen-
tial stations where each examiner performs one
section of the exam; or locker room en masse
examinations. Although station-based rotations or
locker room examinations allow a large number
of athletes to be examined efficiently, drawbacks
of these methods include noise and lack of pri-
vacy, which may preclude an adequate history
taking and make it difficult to auscultate the heart
and lungs effectively. In the station-based type of
examination, someone must sign the ultimate
clearance determination, and this raises the ques-
tion as to whether a physician wants to assume
potential liability from another provider’s assess-
ment, particularly the cardiovascular evaluation.

Preparticipation Evaluation
Standards

In order to guide preparticipation clearance deter-
minations, many professional medical organiza-
tions have issued standards that address common
medical problems that athletes desiring prepartic-
ipation clearance may have and which may
increase their risk if participating in certain
sports.”?1! Sports can be classified according to
the two subsets of degree of physical contact
between players and strenuousness.”? The contact
subset divides sports into three categories: con-
tact/collision, limited contact, or non-contact (see

Appendix ID. For example, football is considered
a contact/collision sport, while baseball is a limited
contact sport, and swimming is categorized as a
non-contact sport. The strenuousness subsets con-
sist of four classifications based on intensity and
the dynamic and static aspects of the sport: high-
to moderate-intensity dynamic and static demands
(e.g., footbalD); high- to moderate-intensity dynamic
demand and low-intensity static demand (e.g., soc-
cer); low-intensity dynamic demand and high- to
moderate-intensity static demand (e.g., karate); and
low-intensity dynamic demand and low-intensity
static demand (e.g., golf).”

Another source for athletic clearance guidance
can be found in the guidelines from the 26th
Bethesda Conference which are used for clear-
ance of athletes with cardiovascular problems.
When evaluating adults for cardiovascular clear-
ance, it is helpful to utilize the American College
of Sports Medicine’s Guidelines for Exercise Test-
ing and Prescription'? to ensure that appropriate
risk screening for cardiovascular diseases is being
conducted. Even using appropriate guidelines to
help determine clearance, some athletes may
incur serious injury or death before the standard
cardiovascular screening period, such as the death
of 33-year-old St. Louis Cardinal pitcher Darryl
Kile in the summer of 2002.13

A physician who has completed the history
and physical examination of a person desiring
participation in sports should render conclusions
about clearance or the need for specific evalua-
tions before a clearance determination can be
finalized. The physician should document the
decision in writing and include discussion of deci-
sion-making points if an athlete is not given clear-
ance. Sometimes members of a school athletic
staff or a sports organization may help to expedite
any further evaluations that are needed, but phy-
sicians are limited by confidentiality as to what
medical information they can divulge without the
express consent of the adult athlete or the par-
ent/guardian of a minor athlete.

Preparticipation Evaluation:

Athletic Clearance

After the PPE and appropriate follow-up evalua-
tions (such as an echocardiogram) are performed,
the clearance determination is made. The four
types of clearance assessments for sports partici-
pation are (1) unrestricted clearance, (2) clearance
after completing further evaluation or rehabilita-
tion, (3) restricted clearance for certain sports, or
(4) not cleared for any sports. The sports classi-
fication guidelines (contact/strenuousness) are
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very useful for determining the sports in which
an athlete is physically capable of participating
and for counseling an athlete who may have a
restricted clearance as to which sports to consider.
Considering the findings of the PPE, the 26th
Bethesda classifications, and the effect of various
medical conditions on sports participation® can
help physicians to determine which activities, if
any, are safe for a particular athlete. For example,
if an athlete has a medical condition that warrants
restricted clearance for a contact/collision, high-
dynamic sport such as soccer, that athlete may
be cleared for a non-contact/low-dynamic and
static sport such as golf.

Determining risk is essential when clearing
athletes. For example, during the musculoskeletal
assessment portion of the exam, the physician
should carefully examine previous injury sites, as
this is a frequent source of liability. Sport-specific
evaluation should also be performed, such as
examining a soccer goalie for broken fingers or
deformities or evaluating the shoulder range of
motion and stability of a baseball pitcher’s throw-
ing arm. When evaluating minors, physicians
should also assess the physical maturity level of
the athlete, which can be helpful when discussing
risks of participation in sports where age cutoffs
are used to divide athletes rather than size.

Physicians should make clearance determina-
tions based on the standard of care and in the
best interests of the athlete. The physician should
not be influenced by outside considerations such
as a team official or recruiter. Even though phy-
sicians exercise their best medical judgment to
make clearance determinations, some special sit-
uations require additional documentation, such
as athletes with unpaired organs or cardiac abnor-
malities. An athlete with unpaired organs or car-
diac abnormalities who wants to participate in
any contact/collision or limited contact sports
should be given a thorough explanation of the
choice of sports and the inherent risks. For exam-
ple, an athlete with only one eye who desires to
play a racquet sport should wear eye protection
for that eye.

The decision to exclude an athlete from par-
ticipation in a particular sport, like the decision
to permit an athlete to play a particular sport, can
be fraught with unexpected legal repercussions.
Some athletes use legal avenues to reverse a team
physician’s or school district’s clearance determi-
nations.* In Pace v. Dryden Central School District
(1991), a 17-year-old male with a solitary kidney
was prohibited by the school district physician
from participating in the high school football and

basketball interscholastic athletic programs. His
parents filed a lawsuit to compel the school to
permit him to play. As part of their case, the
parents submitted evidence showing that the par-
ticular health risks involved with the selected
sports had been discussed with the family and
that the student’s own physician as well as a
urology specialist had attested that the student’s
participation in contact sports was, in the opinion
of the physicians, “reasonably safe.” The court
reversed the school district’s decision and permit-
ted the student to play.! Most significantly, the
court held that, by virtue of its legal challenge to
the restriction, the family waived any future lia-
bility claim against the school district in the event
that the athlete’s kidney was injured. The import
of this decision is that litigation is often inevitable
whether an athlete is cleared or not cleared for
participation in sports. Team physicians should
always rely on the clearance guidelines when
making their determinations even if they are sub-
sequently challenged in court.*> It is important to
note that if a court overrules a physician’s clear-
ance decision and permits an athlete to play or
if an athlete has been conditionally cleared after
the athlete has signed a written waiver of risk,
the team physician continues to have the respon-
sibility to help the athlete participate in that sport
as safely as possible. Thus, if an athlete with an
arrhythmia is playing a particular sport, whether
by court order or by the athlete’s decision after
waiving the risks of participation, the team phy-
sician must ensure that a defibrillator is within
immediate reach and that people are present who
are trained in its use.

Although athletes do not have a constitution-
ally protected right to participate in sports,' they
need to be given due process under the law if
they are excluded from participation due to med-
ical reasons. Thus, constitutional problems can
occur if a high-risk athlete is barred from play
due to medical condition.'® Multiple laws prohib-
iting discrimination, arbitrary classifications, and
disparate treatment can be applied to the athletic
context.'® These include the Federal Rehabilitation
Act of 1973, the Individuals with Disabilities Edu-
cation Act of 1989, and the Americans with Dis-
abilities Act of 1990.77-19 Athletes have utilized
these laws to challenge team physicians’ decisions
to exclude athletes from participation. For exam-
ple, in Lambert v. The West Virginia State Board
of Education (1994), a school district excluded a
deaf student from participating in basketball. The
student took the district to court and the court
decided that the Federal Rehabilitation Act and
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the Individuals with Disabilities Education Act
barred such discrimination against the handi-
capped student. The court ruled that the student
could participate in the sport by using the services
of a signer.?®

Of particular concern are conditions involving
cardiovascular conditions. A high school football
player passed out at practice and was found on
evaluation for the syncope to have a heart defect
(hypertrophic cardiomyopathy); when he was
subsequently restricted from playing football he
sued his high school and the Archdiocese of
Cincinnati in order to be permitted to play. The
court in Larkin v. Archdiocese of Cincinnati
(1990) ruled that schools have the power to
enforce medical standards, even if that means
barring some athletes from competition."'%?' The
Americans with Disabilities Act has also been
used to challenge potentially discriminating prac-
tices by sports leagues to inhibit the ability of an
athlete with a physical impairment to compete.
In PGA Tour, Inc. v. Martin (2001), the court ruled
that denying the use of a golf cart to Casey Martin
(a professional golfer with a circulatory disorder
that impairs his ability to walk), per the policy of
the PGA Tour that all golfers must walk during
tournament play, violated the Americans with Dis-
abilities Act and Martin’s request for a waiver to
the “walking rule” should have been granted.??

RISK RELEASES/WAIVERS
OF LIABILITY

In school systems and universities and in profes-
sional sports, athletes may be at risk by choosing
to participate in specific sports. One of the
responsibilities of the sports physician is to inform
prospective athletes (or their parents or guard-
ians) of the risks involved in participating in that
sport. Schools and athletic organizations often
have preprinted written handouts that include
sport-specific information. In cases in which ath-
letes have increased risks participating in sports
due to known medical conditions, physicians
should carefully document those risks and the
potential consequences of participation on the
risk release sheet that the adult athlete or parent
or guardian of a minor must sign.

The rationale for these waivers is to try to
protect the school or athletic organization and its
staff from being sued. The premise is that if an
athlete (or parent or guardian) is aware of the
dangers or inherent risks of a particular sport and
chooses to participate in the sport anyway, then
the adult athlete (or parents, if a minor) have
assumed the risk and the school district, team,

athletic organization, or activity sponsor and phy-
sician are insulated from liability. Waivers and risk
releases do not always protect the parties from
liability. Some states do not accept some types of
waivers of risk as legally binding. As with any
contract, the courts are often used to determine
whether a waiver is valid and binding. The courts
consider whether the waiver was clearly written,
specific, and not subject to different interpreta-
tions.!'® Additionally, if a physician is negligent
regarding treatment of an injury that occurs in
that sport, the waiver of risk in the decision to
play does not absolve the physician or athletic
personnel from liability regarding injury negli-
gence.

Sports medicine physicians should be knowl-
edgeable about the laws in the states where they
are practicing because they differ in the legal
interpretation of risk release waivers or contracts.
The safest approach is for physicians to use their
best medical judgment when determining
whether a person should be cleared to play a
particular sport.

RETURN-TO-PLAY DECISIONS

A major area that exposes a sports physician to
potential liability from negligence is making
return-to-play decisions after injury. The sports
physician is the one who must determine whether
or not an injured athlete may safely resume par-
ticipation in the sport. Even though there are
often pressures from the athlete or coach to
reduce the time an athlete is restricted from par-
ticipating in the game, the team physician must
never compromise the athlete’s safety. The phy-
sician must inform the athlete of the risks of
playing injured if the athlete is allowed to return
to play. The standard of care to be used when
making return-to-play decisions is to consider
what a reasonably prudent physician would do
under the same or similar circumstances.! One of
the most common return-to-play decisions con-
cerns players with head injuries. When a football
player sustains a grade 1 concussion and initially
complains of some dizziness when exiting the
playing field but no loss of consciousness occurs
and the dizziness subsequently resolves despite
a mild headache, should the player be allowed
to resume play?? Utilizing the reasonably prudent
physician standard, the existence of the post-
concussive headache would be a significant factor
causing the athlete to be barred from play, at a
minimum, for the remainder of the game."?3 Prior
to engaging in athletic coverage, it is helpful for
the physician to clarify, in writing, the role of the
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team physician for making the ultimate return-to-
play decisions. This can minimize the return-to-play
conflicts that can invariably arise during a game.

TREATMENT

In contrast to emergency treatment that may occur
on the sidelines, elective or non-emergency treat-
ment requires informed consent from an adult
athlete or from a parent or guardian if the athlete
is a minor. In situations where a parent is unavail-
able, a permission-to-treat form signed by the
parent may be used for basic treatment of a minor.
Informed consent means giving the athlete suffi-
cient information to make an informed decision
about whether or not to accept medical advice.
When an athlete allows himself to be treated by
a team physician without objection, it is consid-
ered implied consent.? The elements of informed
consent include explaining the nature of the med-
ical condition or diagnosis and treatment, inherent
risks of the condition or treatment, and the like-
lihood of success of the treatment, alternatives to
the treatment, or risks of not accepting treatment.
An example of informed consent would be to
inform an athlete of options for treating a painful
injury with an anti-inflammatory medication such
as ibuprofen plus discussing potential risks that
the drug can have on various organ systems and
the likelihood that it will work vs. other options
for treatment or lack of treatment.

CONFIDENTIALITY

Until the advent of the Health Insurance Porta-
bility and Accountability Act of 1996 (HIPAA), it
was understood by the legal community that the
communications between a doctor and patient
were privileged unless the privilege was expressly
waived by the patient. Sports physicians had a
legal responsibility to protect an athlete’s medical
information, even about injuries, from athletic
staff, teammates, and press unless given specific
permission to release that information. Now,
under the HIPAA, not only physicians but also
health plans, covered schools and universities can
all suffer significant civil and criminal penalties
for failure to protect the confidentiality of the
patient (athlete).?#?> Health providers may only
disclose specific patient information to other
health providers solely for healthcare treatment
purposes. HIPAA also limits the information a
physician may share with a school or university
or that they in turn may share with the public.
This presents a dilemma when an athlete sustains
a severe injury in a nationally televised athletic
contest and sports teams and the public want
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information about the athlete’s condition and the
injury.??> Physicians must be very careful not to
release any information without the express con-
sent of their patients.

The HIPAA’s Privacy Rule, which has the great-
est impact on the practice of sports medicine,
creates national standards to protect an individ-
ual’s personal health information, gives patients
increased access to their medical records, and
affects the way health information is shared (see
Section 45 CFR, Parts 160 and 164).>* Sports med-
icine providers, schools, and sports teams need
to confer with their legal counsel to determine
how they will comply with HIPAA. Some specific
items from the HIPAA Privacy Rule that will be
discussed here include the Notice of Privacy Prac-
tices (NPP) and the Authorization To Release
Protected Health Information (PHI) because they
affect the practice of sports medicine and appli-
cable consent procedures.

Notice of Privacy Practice (NPP)
Healthcare providers are mandated to make a
good faith effort to get a written acknowledge-
ment of receipt of the NPP from a patient. The
NPP describes the uses and disclosures that may
be made of a person’s PHI. The HIPAA does not
prescribe a specific form for the NPP or require
that the patient sign the actual NPP form, so the
patients can sign a separate sheet or cover sheet
to acknowledge they have read the NPP. Emer-
gency treatment situations are exempted from the
good faith effort requirement. However, as soon
as is reasonably practicable after the emergency
situation, the good faith effort to obtain patient
acknowledgment of receipt of the NPP applies.
[45 CFR 164.520(c)(2)(iD)].

Authorization to Release Information
Healthcare providers (including sports medicine
providers) and other covered entities are required
to obtain authorization for disclosure of protected
health information (PHI) and for non-routine uses
of PHI to parties that are not part of the chain of
healthcare providers (e.g., the media, teammates,
athletic directors). According to the National Ath-
letic Trainers Association Governmental Affairs
Committee, it is unclear whether athletic trainers
fall under the category of “covered entities” (in
their various employment settings) under the
HIPAA. While the legal standard is evolving, it is
recommended that all teams, sports governing
bodies, schools, healthcare providers, and athletic
staff consult legal counsel to create appropriate
policies and authorization to release PHI forms.



According to the HIPAA, the list of required
elements that must be present for authorization
of the PHI to be valid include:

B Description of the information to be used
or disclosed

B Identification of the persons/class of per-
sons authorized to use or disclose the PHI

B Identification of the persons/class of per-
sons to whom the “covered entity” is
authorized to make use or disclosure of
PHI

B Description of the purpose of each use
or disclosure

B Expiration date or event

B Individual’s (patient or representative) sig-
nature and date

B Description of a personal representative’s
authority to act for the individual if not
signed by the individual

B Statement that the individual may revoke
the authorization in writing (including
statement on right to revoke and instruc-
tions on how to do so or reference to
NPP if that notice already includes this
information)

B Statement that treatment, etc. is not con-
ditioned on obtaining signed authoriza-
tion where prohibited by the HIPAA
privacy rule

B Statement that PHI may be redisclosed by
the recipient

The individual must be provided with a copy of
the signed authorization form.

It is important to note that the patient (athlete)
is supposed to grant permission in advance for
each disclosure or non-routine use of the PHI on
a per incident (per injury) basis. This brings into
question the validity of blanket, universal autho-
rization forms. Also, in cases involving minors,
state law supercedes the federal HIPAA so that
sports medicine providers need to be aware of
applicable state laws regarding disclosure of infor-
mation about a minor to a parent. Even under
the HIPAA, treating physicians of any patient
(including athletes) can use and disclose whatever
information they deem necessary for the treat-
ment of the patient to other members of the
healthcare treatment team (for example, releasing
information about an injured athlete to an emer-
gency room physician who will be assuming treat-
ment of the patient). What is limited is disclosure
to other parties, such as the media, athletic staff,
or other team members.
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This is not an all-inclusive discussion of the
HIPAA, and more information can be obtained by
accessing the websites www.hhs.gov/ocr/hipaa/
or www.aafp.org/hipaa.

Infectious Disease

Potential confidentiality issues can occur when
athletes who possess infectious diseases such as
hepatitis B, human immunodeficiency virus
(HIV), herpes simplex, and fungal infections
choose to play sports in which potential trans-
mission to other athletes could occur. The physi-
cian should inform the athlete about the trans-
mission risks of the infection and should discuss
with the athlete precautionary steps to be taken
to prevent transmission.? Of note, the American
Academy of Pediatrics Committee on Sports Med-
icine Guidelines recognizes that the chance of
transmitting the HIV virus during sports is
extremely low and recommends that HIV-positive
athletes be permitted to participate in all sports.?
Thus, even though a nominal risk exists of blood
exposure with HIV-infected athletes who choose
to participate in contact sports, physicians must
maintain the confidentiality of these athletes and
not disclose their HIV status to others (including
the athletic staff) without the express consent of
the athletes.

Prescribing Medication

Prescribing medication also raises confidentiality
issues. At times it is important to inform both the
athlete and someone other than the athlete of the
potential side effects that might occur from spe-
cific medications, but doing so may compromise
an athlete’s confidentiality. In those instances, the
physician should explain why it would be helpful
for someone other than the athlete to be alert for
side effects and obtain the athlete’s permission to
give limited disclosure. Additionally, a physician
can incur liability from prescribing a medication
that will cause an athlete to be disqualified or
restricted from participation if found on drug
testing. The physician must be aware of all drug
regulations and all medications that are on the
banned list of athletic governing bodies such as
those published by the National Collegiate Ath-
letic Association,?” the U.S. Olympic Committee,
and other athletic organizations. For example, an
unsuspecting physician may prescribe an over-
the-counter cold preparation that contains ephe-
drine and violates the drug prohibitions of the sport
in which the athlete competes. If a question arises
about use of a medication that is not clear from
any published list, the physician could contact the
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sports organization without identifying the athlete
to clarify if a specific medication may be used.

Drug Testing

Mllicit drug use by athletes also creates confiden-
tiality issues. Drug testing has been implemented
in many collegiate and professional sports and
some high school athletic programs with the goal
of maintaining competitive fairness. However,
when an athlete discloses to the team physician
that he or she is using performance-enhancing or
illicit drugs, the team physician cannot disclose
that information without the specific consent of
the athlete. Due to the potential conflict of interest
and risk of compromising the physician—patient
relationship, it is advised that the physician who
is involved in an institution’s drug testing com-
pliance be someone other than the team physi-
cian. If an athlete admits to the use of such drugs
as anabolic steroids or cocaine, the team physi-
cian should take advantage of that opportunity
to have an honest, balanced discussion regarding
the risks and benefits of the particular drug with
the athlete in an attempt to discourage its use.*

RISK MANAGEMENT

Sports medicine litigation is on the increase. In
order for the sports medicine physician to deter
litigation or prevail if litigation occurs, it is impor-
tant for sports medicine physicians to practice the
“4C’s” of good risk management: compassion,
communication, competence, and charting.!
Compassion is exhibited by those physicians who
foster good relationships with the athletes and
athletic staff and perhaps, not coincidentally, are
less likely to be sued even if a bad outcome
occurs. Communication focuses on the exchange
of information between the patient and the phy-
sician. Physicians who communicate effectively
are those who give the athletes and parents (if
the athlete is a minor) clear informed consent
about the risks of sports and the risks and treat-
ment options for certain conditions or injuries.
Competence is found in physicians who stay
knowledgeable about sports medicine and deliver
the required standard of care to the patient athlete.
The fourth component, charting, concerns the
physician’s duty to maintain complete medical
records. Meticulously prepared medical records
can save a physician untold grief if litigation
ensues. The team physician must ensure that an
organized system for record retention and
retrieval is in place. Each patient’s file should, at
a minimum, contain the preparticipation physical
examination record.*

Although team physicians often practice med-
icine on the field instead of in an office, the need
for specific medical records is not removed. If a
physician renders sideline care without much time
for detailed documentation, the physician (as well
as any assisting athletic trainers) should use a
notepad to contemporaneously document the
essential medical information. Then, as soon as
feasible, the physician should complete the notes,
make a copy, and place the document in the
patient’s file. The record should be legibly written
and signed by the physician and should contain
the athlete’s name, sport, date of event, assess-
ment of injury or illness, immediate treatment,
and further recommendations for treatment and
rehabilitation."* The storage of that information
must also be in compliance with HIPAA regula-
tions regarding storage of identifiable patient
information.?!

Medical records should be maintained by the
team physician for extended periods of time,
often beyond the time an athlete is participating
on a particular team or organization. Physicians
who care for minor athletes who may be able to
sue for medical malpractice after they reach the
age of majority (depending on the laws of their
state) should consult with an attorney before
destroying any medical records.

While the “4C’s” of good risk management are
useful for all physicians, two additional “C’'s” can
be added to the list for the team physician: con-
tract and confidentiality. The contract should be
between the team physician and the entity for
which the physician is providing services. The
team physician should insist upon a contract or
letter of agreement that delineates what services
he or she will provide the team. The contract
should also specify who provides the insurance
coverage for those services, including event cov-
erage for games and practice sessions. If the team
physician is a volunteer (i.e., provides services
without remuneration), this should be made part
of the contract or agreement. Such an inclusion
could prove to be pivotal evidence if the team
physician attempts to use a Good Samaritan
defense for litigation resulting from providing
medical care in an emergency situation. Finally,
the contract or agreement should include a state-
ment that the final decision on participation or
return-to-play considerations is to be made by the
team physician after providing informed consent
to the athlete. Maintaining the confidentiality of
the physician—athlete relationship and adhering
to the HIPAA rules (as the legal standard evolves)
are also paramount to good risk management.



SUMMARY

The practice of sports medicine can be very enjoy-
able if the fear of liability does not dampen one’s
enthusiasm. To diminish fear of liability and pro-
vide excellent care to athletes, the sports medicine
physician needs to be aware of the legal aspects
of sports medicine and the specific laws that apply
to the practice of sports medicine.
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INTRODUCTION Conflict is minimal to absent. While we live in an

Ethics is the conforming to accepted professional
standards of conduct. It would be extremely dif-
ficult if not impossible to write a prescription for
ethical behavior. Almost instinctively, one knows
if a thought or action is ethical or not. All physi-
cians have anguished over conflicts between eth-
ics and expediency. No one achieves ethical per-
fection but most physicians are good by nature
and are guided by high ethical standards. The
main reason for insisting upon the highest ethical
standards by physicians involved in sports med-
icine is that sport is considered to reflect values
generally considered to be important to society:
character building, health promotion, the pursuit
of competitive excellence, and enjoyment.

SPORTS PHYSICIAN
RESPONSIBILITIES

General trust continues to exist between a phy-
sician and any private patient who is also an
athlete, whether amateur or professional. The
physician always makes a decision in conjunction
with the desires of his or her patient that is in
the patient’s best interest. Whether the decision
is regarding eligibility to participate in an event
or to undergo diagnostic or therapeutic interven-
tion, the end result is the maintenance of good
health with the least risk to the patient/athlete.

era of informed consent, confidentiality, and
truthfulness, patient autonomy reigns. Neverthe-
less, many patients still rely upon their physician
to lead them in the decision-making process. In
the majority of cases, this works very well.

Sports medicine is little different ethically from
other aspects of medical practice. It does contain
unique traps that can cause a physician to stumble
if unaware. Included in this chapter will be sug-
gestions to make decision-making by sports phy-
sicians less difficult while still recognizing that
rarely does one solution fit all and that more
rarely is the sports physician’s decision the only
one under the circumstances. Exactness and infal-
libility, while desirable, are not traits of even the
finest physicians.!

The primary duty of the sports physician is to
expend his or her best effort and judgment for
the athlete-patient so as to maintain or restore
health and functional ability.? The athlete’s wel-
fare must be the guide for all efforts. The physi-
cian must seek out and try to know the athlete’s
goals and motivations. Importantly, the physician
must have a genuine appreciation for the impor-
tance of athletics in human life. Dr. O’'Donoghue,
3 in his now classic text, lists five precepts for the
sports physician:

* In the second edition, this chapter was authored by Warren B. Howe.
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Accept athletics.

Avoid expediency.
Adopt the best method.
Act promptly.

Achieve perfection.

The ill or injured athlete must know the diag-
nosis, understand its implications, and participate
in all therapeutic decisions. Despite the athlete’s
wishes, the physician cannot do less than seek
the best possible outcome. While all recommen-
dations or forms of therapy have risks as well as
benefits, knowledge and judgment can come only
from experience. A medical degree does not
ensure perfect decision making. Harm can come
to the athlete-patient from unnecessary or exces-
sive restrictions as well as from failure to restrict
activity when appropriate.

Periodically, the physician/patient relationship
is strained by a difference of opinion. If negoti-
ation between the two fails, even with accepted
intermediaries (family, other consultants, financial
or religious advisors), the relationship may be
terminated. The physician involved in making
sports-oriented medical decisions must be well
versed in current recommendations for eligibility
and continued participation and not depend upon
his limited personal experience or unscientific
reasoning.? For the most part, patients themselves
end the relationship with their physicians if the
answers they wish to hear are not forthcoming.
Under this set of circumstances, ethical conduct
is not breached with the patient acting unilater-
ally. Recognizing the wide range of opinions and
individual fallibility, the patient can assert his right
to another opinion.

A sports physician must develop a suitable
level of skill and knowledge and then maintain
it.> Primary care sports physicians generally know
their level of competence. This group can defin-
itively care for about 85 to 90% of athletic prob-
lems but must know when to refer for specialized
consultation or therapy. The referring physician
must know the consultant’s ability, personality,
and, empathy for athletes in order to make a
competent referral.® The primary care physician
should not abandon the care of the referred ath-
lete and must maintain surveillance over the refer-
ral/therapeutic process. The consultant may gain
insights from the referring physician, and the
athlete is then afforded the continuing support of
his or her physician. Referring physicians can
always question the recommendations of consult-
ants if they seem incongruent with their knowl-
edge of the patient. The trust established between
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athlete and physician, more likely than not, allows
for resolution and comfort with the decision-
making process.

POTENTIAL FOR DIVIDED
LOYALTIES

While rare at the high school level and uncom-
mon at the college level, major distrust does exist
among professional athletes and team physicians.”
The athletes feel that too many times the quality
of their treatment is secondary to the doctor’s
obligation to team owners and coaches. A salaried
position can interfere with a traditional physi-
cian/patient relationship. To many, the role of the
salaried physician leads to a conflict of interest.
A conflict of interest for a physician exists when
his or her objective professional duties are com-
promised by personal interests (e.g., the financial
reward of being associated with a professional
team, as well as the publicity and high visibility
one gets from such a position). At any and all
levels, it is an ethical breach for anything but the
athlete’s best health interest to be considered,
recognizing that judgment errors in regard to too
conservative or too liberal therapy can occur.

At times there may seem to be confusion as
to where the loyalty of the sports physician lies.
The ultimate welfare of the athlete may seem in
conflict with the wishes of parents or spouse,
coaches or team management. The fact that an
entity other than the athlete pays the physician
is immaterial. The loyalty of the physician is to
the physician/patient relationship. Decisions must
be based solely on sound medical judgment. Rea-
sonable third parties will understand this. If any
party insists otherwise, physicians should con-
sider removing their services from that party. It
is not infrequent for the wishes of the patient to
conflict with what the physician believes is in the
athlete’s best interest. These situations are very
delicate, require much effort in explanation, and
may indicate the need for further consultation. If,
after further consultation, the treating sports phy-
sician still feels uncomfortable with another rec-
ommendation, continued care of such an athlete-
patient may be difficult if not impossible. Reas-
signment to another physician should be strongly
considered.

At the highest level of sports, the unfavorable
mix of high salaries and short careers makes for
risky decision making by both the athlete and the
physician. Coaches often encourage physicians to
rush players back to the playing fields to win
games. Players themselves often desire to rush
back too quickly. Teammates are thrown into the



mix by suggesting non-playing team members are
malingering while collecting a substantial income.
Under these circumstances, many physicians play
by the rules of the coaching staff. With a substan-
tial number of complications from such behavior,
as demonstrated by court-authorized awards to
players in the millions of dollars and a current
suit seeking $100,000,000 for a heat-related death,
players are at the point of not trusting team
physicians. Salaried physicians must make the
effort to assure players that it is their utmost
responsibility to protect each player, and any
player who should not be on the playing field
will not be there.

DRUG USE

Sports medicine and ethics have several unique
aspects. A major one is drug use by athletes at
all levels. Therapeutic medications are an integral
part of sports medicine practice. Used appropri-
ately, they control pain AND inflammation, speed
recovery, and hasten return to function. The phy-
sician must understand each drug thoroughly,
including its potential effects on the safety or
effectiveness of an athlete’s performance.

It is never appropriate to use narcotics or local
anesthetics to permit activity that would otherwise
be impossible. The use of medications that alter
the sensorium or affect coordination must be
restricted to times when performance and safety
will not be affected. The use of agents that will
artificially enhance performance, whether effec-
tive or not, is unethical.

The use of drugs, hormones, and blood trans-
fusions invariably is in the public’s mind when
outstanding performances in any sport are
recorded.® From baseball to cycling, any new
record is suspect. The use of ergogenic substances
to enhance performance is often aided by covert,
if not overt, support and supply by unethical team
physicians. Because of this, the International
Olympic Committee has banned five classes of
substances: stimulants (e.g., amphetamines), nar-
cotics, anabolic agents (e.g., steroids), diuretics,
and peptide hormones (e.g., erythropoietin,
growth hormone). Sports physicians can neither
condone the use nor participate in supplying any
of these agents. The downfall of the individual,
the program, and the physician is inevitable.

Some appropriately used medications are
banned at certain serum levels or types of com-
petition. The sports physician must be familiar
with these so that any drugs appropriately pre-
scribed do not expose the athlete to potential dis-
qualification. Lists of banned drugs are published
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by regulating bodies (e.g., United States Olympic
Committee). Usually, when use of a drug to per-
mit athletic performance is appropriate, as in the
prevention of exercise-induced asthma, an effec-
tive, acceptable medication can be found.

Current available testing makes it impossible
to catch all participants whose behavior includes
unethical use of banned substances. Because of
that, some favor lifting the ban on hormones, for
instance, feeling that it would be preferable to
have a free-for-all and allow unrestricted use. The
major argument against such a philosophy is the
need not to condone cheating along with the
essence of sport itself.

CONFIDENTIALITY

Confidentiality in medicine should not be graded,
more or less, depending upon the individuals
public persona. In sports medicine, confidentiality
is of the utmost importance, an ethical principle
that is inviolate. Athletes are very public persons.
Society wants to know the most intimate details
of their lives, including medical evaluations and
treatments. By being an athlete, amateur or pro-
fessional, the patient does not forfeit his or her
right to medical privacy. Inquiries made of the
sports physician by the press or other interested
persons should not be answered without the spe-
cific permission of the athlete. Even with permis-
sion, the physician must be extraordinarily sensi-
tive about details revealed. If any sense of doubt
exists about what to tell or what not to tell, it is
best to keep the athlete’s status in confidence.
Despite claims regarding the public’s right to
know, the right of privacy remains with the
patient. It must be remembered that the press is
very resourceful in obtaining information. If inac-
curate information finds its way into print, the
physician may, with the athlete’s permission,
attempt to correct it.

Information released to coaches, parents, and,
spouses most often should be appropriate infor-
mation about the athlete’s care, especially when
prohibition or limitation of competition or prac-
tice is necessary. The physician’s explanation of
the benefits of disclosure will usually result in
permission from the athlete to do so. In the
absence of such permission, the physician must
consider the welfare of the athlete, the importance
of the information, and the potential for harm or
embarrassment to the athlete that might arise from
disclosure (or nondisclosure), before sharing or
withholding information. No greater breach of
confidentiality can occur then if any health infor-
mation is released to anyone remotely related to
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the athlete’s career without forewarning the indi-
vidual.

When physicians are employed by or volun-
teer their services (highly unusual in this day) to
a school, team or similar entity, the expectations
of both parties should be agreed upon at the
outset, preferably in writing. Frank and open
communications will usually forestall misunder-
standing and conflict. In all cases, physicians
should strive to protect their autonomy in medical
decision making so they will be able to maintain
their position as advocate for the athletes’ welfare.

RELATIONSHIP

WITH COLLEAGUES

Many problems can arise when serving as a team
physician. Because team members may be receiv-
ing care from other physicians, team physicians
must be sensitive to their relationships with col-
leagues. A team physician must never criticize the
actions of another physician directly to the
patient. Concerns regarding therapy should be
discussed with the primary physician in private.
Sports physicians can often positively influence
their colleagues’ care of athletes by such positive
input.

A fail-safe approach to handling playing
restrictions imposed or removed by the athlete’s
primary physician is important. No playing restric-
tion should ever be countermanded by the team
physician, who should, however, always insist
upon the final say in approving the athlete’s
return to play. Consultation between the team
physician and the athlete’s primary physician usu-
ally solves the problem and may provide an
opportunity for education.

Sports medicine is a team effort involving phy-
sicians plus representatives of many paramedical
disciplines. Sports physicians should be able to
recognize where one or more of these can be
helpful and should coordinate the services of all
in the care of an athlete. In doing so, sports
physicians must insist that such assistants adhere
to the same high ethical standards they practice.
Unfortunately, athletic medicine has proved a fer-
tile ground for quackery and unproved practices
employed in the guise of improving performance.
The sports physician has an ethical responsibility
to expose these practices and protect athletes
from being victimized by them.

Except for the most basic training room treat-
ment, an athlete is best referred back to his primary
physician for definitive therapy of any illness or

injury with a detailed note describing the team
physician’s concern.

Medical societies generally have rules about
physician advertising, a troublesome area today
even though it is permitted. Physicians promoting
themselves as experts in sports medicine have an
obligation to provide true expertise in that area,
the same as experts in any other field.

FEAR OF LEGAL ENTANGLEMENT
Finally, a question remains regarding ethics and
the law when the risk of a life-threatening situa-
tion or a potentially permanently disabling con-
dition is uncertain. The physician should be most
cautious and recommend against participation. It
would not be unreasonable to recognize that the
athlete may legally challenge such a recommen-
dation. When operating at the highest ethical level
with support from the medical literature and the
medical community, such an event should never
alter a physician’s role in the future evaluation of
other athletes. They would be best served by such
a physician.

SUMMARY

Physicians involved in sports medicine soon real-
ize the awesomeness of the responsibility and the
magnitude of potential problems. They must be
familiar with the many disease states that affect
the ability of athletes to participate without endan-
gering themselves and others. They must be famil-
iar with the unethical means used to enhance
performance. They must be aware of resources
available to construct an authoritative opinion.
They must be devoted to the principles of confi-
dentiality, informed consent, and, truthfulness.
They must be aware that occasional decisions
may require legal enforcement. Most of all, they
must realize that no table of contents exists to
refer to for every decision. A backbone, on occa-
sion, is more important than an ethics primer.
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Exercise physiology is the study of the functional
changes that occur within an organism as a result
of acute or chronic exposure to exertion. Exercise
is a form of physiological stress, requiring a sig-
nificant homeostatic adaptation in all organs if it
is to be continued. In the absence of physical
stress, functional capacity deteriorates. Almost all
changes (e.g., heart rate, cardiac output) that
occur during exercise are related to the increase
in energy metabolism that occurs within contract-
ing muscle.

BIOCHEMISTRY

The hydrolytic cleavage of adenosine triphos-
phate (ATP) to adenosine diphosphate (ADP) and
inorganic phosphate (Pi) produces the energy that
powers skeletal muscle contraction.' Because
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the muscle stores of ATP are small, these high-
energy phosphates must be continually resynthe-
sized at a very rapid rate to allow contractile
activity to continue beyond a brief period of time.
All cells have three basic pathways to produce
additional ATP: (1) oxidative phosphorylation, (2)
glycolysis, and (3) creatine phosphate (CP).

AEROBIC METABOLISM

The catabolism of energy substrates utilizing oxy-
gen with the net production of ATP is referred to
as aerobic metabolism. The site of oxidative phos-
phorylation is the muscle cell mitochondria, the
cristae of which constitute respiratory chains
(electron transport systems). The major metabolic
substrate at rest and during low to moderate
exercise is fatty acids, whereas glucose becomes
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more important at increasing exercise intensities.
Both substrates produce hydrogen atoms during
beta-oxidation and the Krebs cycle. While 60% of
these processes are lost as heat, 40% are captured
as ATP. Nonetheless, the complete oxidation of a
molecule of glucose produces a net 38 molecules
of ATP; similar oxidation of a molecule of fatty
acid (e.g., palmitic) yields 129 molecules of ATP.
Aerobic reactions provide the major supply of
body energy.

ANAEROBIC METABOLISM

The catabolism of energy substrates without the
utilization of oxygen is called anaerobic metab-
olism.%> Such energy transfer occurs when CP
donates its high-energy phosphate to ADP to
resynthesize ATP (a process that occurs within
the first 3 to 8 seconds of exercise). A second
pathway is the generation of ATP from glycolysis
with the production of lactic acid. Although the
anaerobic breakdown of glycogen produces only
three molecules of ATP, it yields a rapid, though
limited (several minutes), energy source for mus-
cular activity.

TYPES OF EXERCISE

Generally speaking, aerobic pathways are utilized
during endurance training that incorporates
dynamic, rhythmic movement of large muscle
masses for prolonged periods of time (e.g., long-
distance running, swimming, cross-country skiing,
cycling). Anaerobic pathways are involved during
brief periods of intense muscular activity such as
sprinting, isometrics, lifting, and jumping.>3° Nor-
mally, anaerobic activity also occurs during the
first several minutes of endurance exercise in
order to make up for the oxygen deficit caused
by the lag in blood flow to the muscle and the
onset of aerobic metabolism. Blood lactate does
not accumulate under such circumstances. During
endurance training, aerobic metabolism provides
most of the required energy up to the maximal
aerobic capacity or oxygen consumption
VO,,.0)- VO is the greatest rate of oxygen
consumption measured in liters per minute (abso-
lute) or milliliters per kilogram body weight per
minute (relative). The relationship of VO, and
heart rate is discussed in Chapter 14. Under mod-
erate exercise conditions, a steady state of oxygen
consumption is achieved within 4 to 5 minutes
of training initiation (Figure 6.1). Because the
VO, 18 an important factor that determines an
individual’s capacity to sustain high-intensity exer-
cise for longer periods, it becomes clear why ath-
letes can outperform non-athletes. The anaerobic
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Figure 6.1 Contribution of aerobic vs. anaero-
bic metabolism during moderate exercise.

or blood lactate threshold occurs at about 50 to
55% of the VO,,..,, a point where the generation
of ATP via anaerobic glycolysis begins to exceed
aerobic energy supplies from oxidative phospho-
rylation.*5

This point is also known as the onset of blood
lactate accumulation (OBLA). OBLA is a standard
value, typically set at either 2.0 or 4.0 mmol lactate
per liter of blood, and is a very accurate reference
point. Trained individuals can tolerate and more
efficiently metabolize elevated levels of lactate,
which, in part, may explain their superior perfor-
mances during competition. Specifically, experi-
enced endurance athletes demonstrate an
improved ability for lactate turnover during their
events.”> This enhanced capability is largely due
to a mechanism called the lactate shuttle.* During
lactate production in fast-twitch muscle fibers,
lactate can circulate to other fast-twitch or slow-
twitch fibers to convert via glycogenolysis for
entry into the citric acid cycle for energy in aer-
obic metabolism.#465051 Nevertheless, during
exhaustive exercise (Figure 6.2), a steady state
cannot be achieved; blood lactate accumulates
due to the increased contribution of anaerobic
pathways, fatigue and exhaustion occur, and the
oxygen deficit and debt become large. Lactate
shuttling can expedite recovery in highly trained
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Figure 6.2 Contribution of aerobic vs. anaero-
bic metabolism during exhaustive exercise.
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individuals; this occurs due to muscle tissues being
not only responsible for lactate production but also
primary locations for lactate removal via oxida-
tion.#4649,52 Submaximal aerobic exercise facilitates
the recovery process; thus, a spectrum of activity
is equally matched by differing metabolic pathways.

Anaerobic pathways predominate in short
bursts of strenuous exercise (e.g., golf swing, 100-
yard dash, volleyball spike), whereas training of
long duration (e.g., marathon, triathlon) utilizes
mainly aerobic mechanisms. Intense exercise of
intermediate duration (e.g., middle-distance run-
ning, swimming, soccer, basketball) represents a
blend of both anaerobic and aerobic energy inputs.
The physiologic adjustment to exercise is depen-
dent on several factors: (1) the age, sex, habits,
health, and genetic endowment of the individual;
(2) the type of exercise (the intensity, duration, and
muscles involved in the movement); and (3) the
environment in which the activity is performed
(heat, cold, altitude, haze, etc.).” Adaptations in
physiological function that aggregate as a result of
regular training not only benefit the individual in
the short term but may even enhance longevity.””

CARDIOVASCULAR RESPONSES
TO EXERCISE

The major function of the cardiovascular system
during exercise is to deliver blood to the active
tissues. Circulating blood transports oxygen and
fresh nutrients while removing metabolic waste
products, dissipates heat by increasing blood flow
to the skin, and transports and distributes regu-
latory substances (hormones, etc.) from sites
where they are produced to target tissues. The
average individual’s cardiac output is 4 to 6 L/min
with an extraction of 40 to 50 mL of oxygen per
liter of blood and a total oxygen uptake of 0.2
to 0.3 L/min. A very fit person can increase oxy-
gen uptake from 0.25 to 5.00 L/m or more when
exercising; during maximal exercise, the cardiac
output can go from 5.0 to 30.0 L/m, or 6 times
the resting level.510-12

Heart Rate

Heart rate is perhaps the most significant factor
increasing cardiac output during exercise. In
many cases, the increase in heart rate is linear
with the increase in rate of exercise. Heart rate
is controlled by factors intrinsic to the heart and
by extrinsic neural and hormonal factors. The sym-
pathetic cardioaccelerator nerves release norepi-
nephrine at their endings, causing an increased
heart rate during exercise,'>'* while the parasym-
pathetic vagus nerve releases acetylcholine, leading

to a reduction. Additional factors include the state
of hydration, temperature, anxiety, altitude, and
time between meals. The average resting heart
rate in the supine position is 72 to 80 beats per
minute (bpm). During submaximal exercise, heart
rate is elevated and will gradually plateau when
the oxygen requirements of the activity have been
fulfilled. As the intensity of the activity increases,
the ability of the heart rate to level off is much
more difficult to achieve. In dynamic exercise,
heart rate rises with increases in work load and
oxygen consumption, leveling off at VO, 5510
In normal populations, heart rate will increase
from a resting value of approximately 70 bpm to
a maximum of 180 bpm or more. As the human
heart ages, the chronotropic response is attenu-
ated, accompanied by an increase in end systolic
volume and a diminished ejection fraction.10
VO,,.« femains essentially the same in trained
individuals and, depending on intensity and dura-
tion of activity, is capable of increasing with age.'*

Cardiac Output

Cardiac output (Q), quantified as liters of blood
pumped per minute, is a reflection of the overall
functional activity of the heart and is a principal
determinant of the rate of oxygen delivery to
peripheral tissues such as active skeletal mus-
cles. 21918 Cardiac output is equal to the product
of heart rate and stroke volume (Q = HR X SV),
the frequency of the heart’s contraction (bpm),
and the volume of blood pumped by the heart
with each contraction (milliliters of blood X con-
traction).!” From a resting value of approximately
5.0 L/min, the cardiac output increases as a direct
function of the level or intensity of the exercise
to a maximal value of 20 to 40 L/min or higher,
with the absolute value reflecting the individual’s
size and state of conditioning.!11%17.19

Stroke Volume

Stroke volume is the quantity of blood pumped
by the heart with each contraction and is regu-
lated primarily by factors intrinsic to the heart:

Return of venous blood to the heart
Ventricular distensibility
Ventricular contractility
Aortic or pulmonary artery pressure

Venous return is the principal constituent. Extrin-
sic factors to the heart can also affect stroke
volume. Sympathetic neural stimulation of the
myocardium, as well as epinephrine and norepi-
nephrine released from the adrenal glands, can
increase the contractile force of the heart.!11020
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Stroke volume increases with increasing rate of
work, up to exercise intensities between 40 and
60% of maximal capacity; it normally plateaus,
remaining essentially unchanged up to and includ-
ing the point of exhaustion.!? Exercise in the vertical
position vs. the horizontal or supine position
increases stroke volume, due to a decrease in left
ventricular end-systolic volume that results in a
greater ejection fraction.??? Resting stroke volume
varies from 60 to 100 mL at rest. Maximal volume
is about 125 mL for the sedentary individual.

Blood Pressure

Systolic pressure increases in direct proportion to
an increase in exercise intensity. As a result of
vasodilatation in the vascular bed of active mus-
cles, the peripheral resistance to blood flow is
reduced during exercise, but the elevation in car-
diac output causes the blood pressure to rise31214
Systolic blood pressure is indicative of the force
generated by the heart during ventricular contrac-
tion. The normal value at rest is approximately
120 mmHg but can rise to 200 mmHg or greater
at the time of exhaustion. Activities that involve
high-resistance, forceful isometric, isotonic, or iso-
kinetic muscle contractions cause marked
increases in systolic blood pressure.!®? Diastolic
blood pressure remains essentially unchanged
during low-resistance exercise, but evidence indi-
cates that, as the resistance increases, increases
in diastolic pressure occur.’® Normal resting dias-
tolic blood pressure is approximately 80 mmHg.

Blood Flow

During exercise, blood is redistributed from inac-
tive tissues to those directly involved in the exer-
cise bout. Only about 15 to 20% of the resting
cardiac output goes to muscle, while in exhaus-
tive exercise the muscles receive 80 to 85% of
the cardiac output.’® This shift in flow is accom-
plished by shunting the blood from the kidneys,
liver, stomach, and intestines. For instance, the
blood flow to the kidneys and spleen during
maximal exercise is reduced to approximately 500
mL/min from the normal resting blood flow about
2.8 L. Coronary blood flow increases with intensity
of exercise, from about 260 mL/min at rest to 900
mL/min during maximal exercise.!? During heavy
exercise, blood flow to the skin is also significantly
increased as a response of the thermoregulatory
system to dissipate excessive heat production gen-
erated by working muscle and/or environmental
temperatures. If the exercise continues for an
extended period of time, the problem of reduction
of blood volume due to a loss of water in the

form of perspiration becomes significant. With
total blood volume decreasing as the duration of
exercise increases and continued shunting of
blood to the periphery for cooling, the cardiac
filling pressure is reduced, leading to a decreased
venous return. The decreased return reduces the
stroke volume and causes a compensatory
increase in the heart rate.31

The oxygen content of the blood at rest varies
from 20 mL of oxygen for every 100 mL of arterial
blood to 14 mL of oxygen for every 100 mL of
venous blood.!* During exercise, the arterio-
venous difference progressively increases, due to
enhanced oxygen extraction by the exercising
muscles.

CARDIOVASCULAR
ADAPTATION TO AEROBIC
EXERCISE

Endurance leads to the ability to perform pro-
longed bouts of work without experiencing
fatigue or exhaustion and is comprised of two
components. The muscular or local component
refers to the ability of a single muscle or muscle
group to sustain prolonged exercise, and the car-
diovascular component refers to the body’s total
ability to sustain prolonged exercise.

Heart Rate

Heart rate decreases significantly with regular aer-
obic exercise. It is not unusual to see a resting
heart rate of 40 to 50 bpm or less in a very well-
conditioned endurance athlete. Although the
range is usually between 55 and 65 bpm,* a
decrease in heart rate response to submaximal
exercise occurs. Work performed by the heart is
a direct function of its rate of contraction, both
at rest and during exercise, and the reduced sub-
maximal heart rate following training indicates
that the heart is working more efficiently. At
maximal levels of exercise, little effect on heart
rate is observed; the normal response is a
decrease of approximately 3 bpm.!>? The major
function of heart rate during exercise is to com-
bine with stroke volume to provide the appropri-
ate cardiac output for the rate of work being
performed. Heart rate recovery time, however,
significantly decreases after several weeks of car-
diovascular training.

Stroke Volume

Stroke volume increases at rest and during sub-
maximal and maximal exercise. There is a sub-
stantial increase at rest following regular condi-
tioning. Left ventricular chamber size is increased
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and absolute left mass (eccentric hypertrophy) is
also increased with training.?>* These changes
seem to be the result of a more complete filling
of the heart during diastole (preload), resulting
in a greater end-diastolic blood volume. Increased
mass is accompanied by increased contractility,
allowing for a decreased end-systolic volume and
an increased ejection fraction.'”?* Resting stroke
volumes range from approximately 90 mL for
trained endurance athletes to 130 mL for the
highly trained athlete. Maximal stroke volumes
vary from 150 mL for participants in regular exer-
cise to 220 mL for the highly trained endurance
athlete.'

Cardiac Output

Cardiac output at rest or during submaximal work
bouts does not significantly change as a result of
training.

Blood Pressure

Regular aerobic training tends to reduce resting
and submaximal exercise systolic, diastolic, and
mean arterial blood pressures.?? Blood flow to the
working muscle during maximal exercise appears
to be enhanced by training due to an increase in
the number of capillaries in the trained muscle.
Diastolic and mean arterial pressures are reduced
at maximal exercise.??

ADDITIONAL EFFECTS

OF EXERCISE

Regular aerobic activity reduces LDL cholesterol
and triglycerides but elevates HDL cholesterol
for both sexes.?” Resistance and strength training
may also produce favorable changes. Lipid
improvements have been confirmed in the 16-
to 65-year-old age categories. Renal changes
include an antidiuretic effect and preservation
of most electrolytes (Na, Cl, Ca, P). Post-exercise
proteinuria is common and is related to exercise
intensity, not to the duration of the activity.?®
Increased erythrocytes and leukocytes in urine
and cylindurea can occur following regular and
vigorous training activity. Hemoglobinuria and
myoglobinuria are abnormal and are due to the
breakdown of red blood cells and muscle tissue,
respectively, during prolonged strenuous exer-
cise, rather than to renal dysfunction. The coag-
ulation system, platelet function, and prostaglan-
din cascade are significantly impaired by acute
exercise, particularly in untrained males. Platelet
counts increase, platelet aggregation is acceler-
ated, and thrombosis occurs.??3° Regular training
blunts the effect by decreasing platelet activity

and improving the homeostatic balance. Serum
enzymes (e.g., aldolase, creatine kinase, lactate
dehydrogenase, alanine, and aspartate transami-
nase), particularly those found in skeletal muscle,
increase in proportion to the intensity and dura-
tion of the preceding exercise, peaking 24 hours
after the event or training session.?! The effect of
duration is dominant; prolonged competitive
exercise (e.g., triathlon) produces the highest
enzyme activities. High levels are also observed
after weight-bearing exercises incorporating
eccentric muscular contractions (e.g., bench-step-
ping), and in males, blacks, and the untrained,
although marked individual variation occurs. Ele-
vated alkaline phosphatase levels have been doc-
umented in 9- to 15-year-olds who regularly exer-
cise and compete in sports. Exercise, via the
sympathoadrenal axis, elevates the hormones of
gluconeogenesis, lipolysis, and glycolysis, while
lipogenic and glycogenic levels decline or are
unchanged.?? Aldosterone and parahormone lev-
els increase. The reproductive hormones (e.g.,
progesterone, estradiol, testosterone, prolactin)
increase during training. Follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) levels
remain stable, while the pulse frequency of LH and
gonadotropin-releasing hormone decrease. The lat-
ter may account for menstrual dysfunction.??

Endogenous opioids (e.g., B-endorphin and
lipotrophin) increase with significant levels of
exercise (>75% VO,,,.») and are linked to several
physiological and psychological changes, includ-
ing altered pain and fatigue perception, euphoric
mood states, menstrual dysfunction, ventilatory
depression, and reduced stress hormonal
responses.> There is considerable intra- and inter-
individual variation in response, with the effect
lasting 15 to 60 minutes. Finally, acute exercise
causes a brief leukocytosis, lymphocytosis, and
stimulation of cytoxicity, immunoglobulins, com-
plement, and cytokines. Prolonged moderate
exercise appears to enhance the body’s immune
systems, whereas heavy training or overtraining
may impair immunity.3-37

CHILDHOOD PHYSIOLOGY

Absolute aerobic power increases from childhood
through the teenage years in males; however, it
generally plateaus in females at about the 13th
or 14th year. In females before the ages of 10 to
12 years, the average VO,,, ., reaches between 85
and 90% of the mean values for males. After
sexual maturation in females, the average VO, ..
reaches only about 70 to 80% of mean values for
males.3$¥ The relative VO,,,, declines linearly for
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PRINCIPLES OF HEALTHY EXERCISE



58 PRINCIPLES OF HEALTHY EXERCISE

adolescent females but is relatively stable for
males. Differential growth rates of aerobic power
and body weight, changes in body composition,
and the amount of regular activity are some of
the factors thought to contribute to the decline.
The changes in aerobic power are paralleled by
similar changes in balance, strength, agility,
endurance, speed, coordination, and power. Flex-
ibility is greater at all ages for females. During
childhood, flexibility is stable or declines slightly
for females; it increases during adolescence and
plateaus around 14 to 15 years of age. For males,
flexibility systematically declines until late adoles-
cence, when it increases.

Consistent training and conditioning of chil-
dren of either gender produces higher VO,, ..
levels and motor fitness (strength, power, agility,
etc.) levels than in sedentary individuals and nar-
rows the percentage difference between the
sexes. The mechanism for these improvements is
presumably like that in adults.* No optimal age
or program has been established for training;
performance and VO, are not as strongly
related in children as in adults.?®3 While regular
physical activity has no apparent effect on bio-
logical maturation or stature, body weight and
composition are favorably modified (e.g., a
decreased percentage of body fat and an increase
in muscle and bone). The impact of training on
blood pressure, blood lipids, and glucose metab-
olism is probably favorable but is unknown at
the present time.*

EFFECTS ON AGING

Lifestyle, environmental factors, and genetics are
all elements that can significantly influence the
quality and quantity of life. Regular exercise is an
important factor in maximizing and maintaining
physiological function and longevity.” Regular
exercise and physical activity produce signifi-
cantly higher levels of work capacity in the older
individual when compared to sedentary younger
persons.!® Nonetheless, VO,,,, inevitably
decreases approximately 30 to 40% between the
ages of 20 and 80 years, owing primarily to
declines in maximal heart rate and cardiac out-
put.* The decrease is more pronounced in males.
Stroke volume and arteriovenous difference may
or may not decrease in elderly persons. A longer
recovery rate is also characteristic of aging, with
an impaired ability of the heart to pump blood
to the periphery due to a gradual loss of contrac-
tile strength and delays in ventricular filling sec-
ondary to loss of muscle compliance.!1? The
efficiency of breathing declines, and muscle

strength decreases 20 to 30% by the age of 70
years, due to a reduction of fiber function and
number.® Loss of bone and joint function also
occurs. Regular exercise slows or reverses these
trends, and promotes psychological well being
and favorable metabolic changes (e.g., improved
glucose handling, decreased LDL, and elevated
HDL).

SEX DIFFERENCES IN EXERCISE
PHYSIOLOGY

The absolute physical capacity for males is 5 to
50% higher than females for all age groups and
training backgrounds.* The difference is in large
part due to differences in body composition (e.g.,
women have increased body fat, less absolute
muscle mass, and smaller muscle-fiber size). The
remainder is accounted for by differences in work
efficiency, VO,,,.. (e.g., stroke volume, hemoglo-
bin levels), and genetic and behavioral traits.
Under similar training conditions, relative
increases in strength, muscle force output, and
VO,,..« are similar for both sexes; however, less
muscle hypertrophy occurs in females. 4 Sex
differences have little impact on training mode
response, and menstrual cycle does not affect
performance; however, increased levels of relaxin
and estrogen during the third trimester of preg-
nancy account for increased flexibility.

SUMMARY

The impact of regular exercise and physical activ-
ity on the human organism is pronounced, mul-
tifactorial, physiologically predictable, and indi-
vidually valuable. The quality of life is appreciably
improved for all age groups, for both sexes, and
for the healthy as well as the handicapped and
chronically ill. Recent studies suggest that quantity
of life (i.e., longevity) also may be increased.
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INTRODUCTION fitness,! but eventually fatigue will accumulate

The Olympic motto, citius, altius, fortius (swifter,
higher, stronger) characterizes today’s modern
sports warrior. Athletes all over the world use
training and conditioning methods to improve
sports performance. Today’s competitive athletes,
however, may have limited access to quality infor-
mation with regard to proper training methods,
with the result being injury, an overtrained state,
or poor performance. The paradox of the situa-
tion can be simply stated: training harder than
normal will produce a combination of fitness and
fatigue. Repeated bouts of training will improve

and the athlete will begin to “go flat” and fail to
respond to additional training bouts. The goal of
athletes (and their coaches) is to maximize the
athlete’s performance wbhile avoiding injuries.
Successful training cannot occur without a fit,
healthy athlete. An injury site is the weakest link
in the chain and prevents proper application of
training loads. Following a precise plan for train-
ing will greatly increase the probability of improv-
ing individual performance while preventing inju-
ries and illnesses.

* In the second edition, this chapter was authored by Michael DeBevec.
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GETTING STARTED

We develop a training program based on a spe-
cific goal. For example, consider two different
athletes and their goals for exercising. Athlete “A”
is 25 years old and wants to get into shape with
a running and weightlifting regimen. His goal is
to improve his fitness and lose 10 pounds of fat
weight. After 9 months of a cross-training program
that includes running, weights, and stretching, he
is running 3 to 5 miles three to four times a week
and lifting weights twice a week. His weight
program consists of multiple upper and lower
body exercises, and he performs three to four
sets of 8 to 10 repetitions of each exercise. The
work effort feels medium to hard, and he denies
any pains while running or lifting weights. At this
point, athlete “A” has reached his goals, and his
exercise regimen has reached a steady state. Now
his regimen has become a maintenance program,
performed with similar effort on a regular basis.
The athlete adapts to a specific level of exercise
stress,'™ and eventually the exercise is no longer
stressful. A maintenance program is very impor-
tant from a public health perspective. A regular
exercise routine such as that of athlete “A” can
help prevent and/or eliminate major health prob-
lems such as diabetes, obesity, hypertension, and
cardiac disease (see Chapter 14 on the exercise
prescription).

Now compare Athlete “B.” He is a 24-year-
old former college runner wanting to make the
Olympic team in 3 years. Athlete “B” will require
a very detailed analysis of his current level of
fitness, as well as a training plan sufficient to meet
the goal for his desired sporting event. Based on
his current level of fitness and previous perfor-
mances, one can calculate the percentage
improvement required to be competitive at the
Olympic trials. Training athlete “B” for competi-
tion requires a comprehensive plan, including
weight training, a stretching program, running,
and cross-training, to stress the athlete sufficiently
to improve. Research shows that both over-train-
ing and under-training produce suboptimal results
(Level of Evidence B, systematic reviews).>™

The remainder of this chapter will describe the
necessary components of a comprehensive train-
ing program (see Figure 7.1) for today’s compet-
itive athletes. The sports medicine approach to
training includes special emphasis on maximizing
performance while also preventing injuries.

BASICS OF TRAINING

Warm Up/Cool Down

The human body, including muscles, tendons,
and ligaments, functions best at a particular tem-
perature. From a theoretical standpoint, an
increase in blood flow and temperature of the
extremities from a warm-up period has several



benefits: (1) better oxygen delivery to the mus-
cles, (2) facilitation of oxygen release from the
hemoglobin and myoglobin molecule, (3)
enhanced nerve conduction, (4) increased speed
of muscular contraction, and (5) decreased vis-
cosity of the musculotendinous unit. Although
evidence is limited that warming up prevents
injuries or enhances the quality of the training
session, it is generally accepted that to prevent
injury and optimize physiologic function, warm-
ing up is essential.

Choice of activity for warm-up is an individual
matter. It should include both general and activity-
specific exercises in the broad categories of flex-
ibility, strength, and coordination, such as walk-
ing, light jogging, stretching, low-level calisthen-
ics, and other light-resistance exercises. Fifteen
minutes of an aerobic sport such as jogging,
cycling, rowing, or swimming should be followed
by stretching all the major muscle groups. The
athlete should then engage in the primary sport,
beginning at an easy level and building the inten-
sity of activity over the next 15 to 30 minutes.
Consider a second round of stretching if the ath-
lete will play at the 100% effort. Typical cool-
down consists of 5 to 10 minutes of easy exercise
in the primary sport or a similar cross-training
sport. Emphasis is placed on monitoring muscle
tension and completing sufficient stretching to com-
bat the muscle tightness from strenuous exercise.

Aerobic Training

for Endurance Sports

This type of training is best-suited for weight loss
and for preseason or in-season training for court
sports and aerobic sports. It has no specific place
in the training program of a sprinter or a gymnast
except to optimize body weight. The objective is
to increase the athlete’s maximal oxygen con-
sumption (VO,_,), which can be achieved by
either continuous exercise or interval training. For
healthy individuals, the training heart rate (THR)
is 70 to 85% of the maximum heart rate (MHR).
Weight loss can be maximized at 60 to 70% MHR,
because body fat is the principal fuel and the
lower intensity allows a longer exercise duration.
Higher THRs are recommended for better trained
individuals who are interested in peak perfor-
mance; this topic is discussed later in this chapter.

Interval Training for Power and
Strength Sports

Interval training, defined as repeated short peri-
ods of higher intensity exercise punctuated by
periods of rest, can also be used in a specific
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manner primarily to increase VO, . and poten-
tially performance.!® A certain level of previous
endurance conditioning is best before undertak-
ing interval training, in order to avoid injury. The
athlete whose sport requires a sprint or explosive-
type efforts should emphasize anaerobic interval
training. Either interval training (e.g., running, for
a basketball player) or sport-specific activity (on-
court basketball drills) can be used with similar
beneficial effects (Figures 7.2 and 7.3).

Flexibility

The purpose of stretching is to correct muscle
fatigue, repair injury, and improve joint motion
and movement technique. The amount needed
for each individual varies, but it must be com-
mensurate with the amount of muscle tightness
produced from training. The best stretching pro-
grams include a brief bout of cardiovascular activ-
ity to improve muscle elasticity via improved
blood circulation and slightly elevated body tem-
perature. To stretch the muscles, use a variety of
similar exercises for each muscle group. Apply
slow, steady pressure for 30 to 60 seconds, or
until the muscle relaxes. A specialized technique
called proprioceptive neuromuscular facilitation
(PNF) can be helpful for an unusually tight or
painful muscle. Begin stretching and hold the
position in the usual manner (30 to 60 seconds),
then contract the muscle being stretched for 6 to
7 seconds. Following the contraction pause for 1
to 2 seconds and then repeat the stretch. Repeat
this process five times. This stretch—con-
tract—stretch technique allows for improved flex-
ibility, especially for muscles that cross over two
joints. If a muscle is injured and rapid recovery
is desired, stretch every hour during the day until
relief is achieved.

Strength Training

Strength training or resistance training (free
weights, calisthenics, machines, plyometrics) can
be helpful for all athletes (Level of Evidence B,
systematic review).!! The amount of weight train-
ing must be matched to each athlete’s specific
goals. Weight training can also help to build up
strength'1% and correct muscular imbalances. %10
The intensity of weight lifting is also governed
by the goal. If a muscle is injured, it must be
strengthened without further damaging it. Muscle-
tendon injuries repair slowly in adults. Athletes
must avoid pain at the injured site during all
activities, including weight lifting and stretching.
The work effort must be the most difficult possi-
ble without causing pain and further injury. If the

PRINCIPLES OF HEALTHY EXERCISE
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Figure 7.2 Energy systems for sports performance. (From Martin, D.E. and Coe, P.N., Training
Distance Runners, Human Kinetics Publishers, Champaign, 1L, 1991. With permission.)

site is painful, the athlete should perform 4 to 5
sets of 20 to 25 repetitions with very light weights.
If this is painful, the athlete should change the
arc of motion to avoid the painful range and still
do high repetitions with low weights. An athlete
who cannot perform this exercise should work
against gravity and consider using resistive elastic
exercise tubing. To maintain the current strength
level, athletes should perform 4 sets of 10 repe-
titions 3 times a week. Building up strength with
weightlifting in a power sport athlete is done
differently. Such athletes should start with 4 sets
of 10 repetitions at a work effort perceived as
medium to hard, followed by increasing the
weight by 5 to 10% every 1 to 2 week. Eventually,
the athlete should perform 4 sets of 6 to 7 repe-
titions in the medium to hard range and progress
when ready to 2 to 3 sets of 2 to 4 maximum
repetitions. This workload will be perceived as
hard to very hard and is necessary to improve
the strength of a muscle.

Cross-Training

Cross-training is the substitution of one (or a
series) of training exercises that provide similar
physiologic results. Cross-training methods are

especially useful for off-season training, injury pre-
vention and recovery, and preventing burn-out in
the primary sport. Essentially all athletes cross
train; for example, baseball players lift weights,
run, and bike to keep fit in the off season. Indoor
equipment such as a bike, rower, cross-country
skier, or the newer elliptical treadmills are very
easy on the joints and are well tolerated in the
early postoperative period for rehabilitating lower
extremity injuries. Cross-training can be subcate-
gorized into skill similar, strength, plyometric, aer-
obic, or anaerobic type training.

MEASURING FATIGUE AND
FITNESS

Measuring the effects of fatigue and improve-
ments in fitness is an essential component of
coaching. Traditionally, the coach’s stopwatch
and VO,,,, testing were the standards. Invasive
testing with blood analysis for lactate can now
be conducted field side utilizing portable lactate
monitors costing less than $500. Extensive
research reveals correlations among VO, .., blood
lactate, resting and exercise heart rate, body
weight, and psychological state. Mathematical mod-
eling for measuring fitness and fatigue and critical
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power function analysis for measuring aerobic and
anaerobic components of exercise are two new
scientifically based methods that should be uti-
lized by coaches and athletes.

Applying High-Intensity

Training Loads

Neuromuscular patterning is a key component of
improving mechanical efficiency. Typically, ath-
letes train using a combination of aerobic, anaer-
obic, cross-training, and sport-specific techniques.
For example, a speed skater, cross-country skier,
runner, biker, weightlifter, and swimmer may all
engage in a combination of aerobic and anaerobic
exercise, flexibility improvement, and weightlift-
ing. The time spent training at high speeds is
usually shortened by the fact that it produces
great physiologic distress on the exercising ath-
letes.®8 In other words, most world-class athletes
need to be working out at approximately 95% of
their peak power one to two times per week.
This type of training requires that the athlete be
well rested and well hydrated and have muscle
glycogen stores that can provide caloric energy
necessary to perform the exercise bout. When
applying training loads, it is necessary to docu-
ment the amount of fatigue that eventually sets
in. Training too little or too much is ineffective.
An athlete must train to strain the system but must
allow the system to recover.” If athletes do not
keep up vigilance and pay attention to the details
of training,'?! they will suffer several conse-
quences, such as overuse injuries or the over
training syndrome. Research has shown that exer-
cise stress to the body measured at the cellular

level yields changes that can take 4 weeks to
normalize. Many marathon runners will confirm
that it is very difficult to run more than one or
two successful marathons per year. Athletes can
usually handle training loads of approximately
10% per week; however, if carried out over and
over for several months, 10% increases can pre-
cipitate an overuse injury. Training stresses that
are at a 50% level or greater can build up enough
acute stress that an injury can prevail in only 1
week.

Psychology of Training Athletes
Athletes who train for sports competition are
already approaching the theoretic limits of what
is tolerable by the body.?>?? Athletes like to know
how far they can push themselves in training and
competition.?* Blood tests have proved too elu-
sive and cumbersome for most athletes. Psycho-
logical interventions appear promising for ath-
letes, 28 yet seem to be underutilized. Research
on visual imagery,? calming,®*® motivational
issues,3132 and mood awareness and control has
been reported in the literature. The paper by
Berglund and Safstrom?® on using the Profile of
Mood States for dosing proper training provides
excellent evidence of this powerful, reliable, and
simple intervention (Level of Evidence B, clinical
cohort study) (Figure 7.4). Athletes and coaches
need to incorporate psychological measures into
their routine training programs.

Heart-Rate Monitoring
Heart-rate monitoring is very simple, highly repro-
ducible, and sensitive to neuroendocrine and
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extracellular fluid volume changes. Additionally,
psychological anxiety can affect the neuroendo-
crine system and indirectly affect the heart-rate
response to exercise; therefore, it is important to
repeatedly measure the heart-rate response to an
athlete’s exercise sessions. This is very useful
because it provides minute-to-minute feedback.
One can typically expect a certain response; not
seeing that expected heart-rate response can sig-
nal fluctuations in the athlete’s fitness fatigue sta-
tus. Athletes can record their heart rate in several
ways. First, the athlete should record a morning
resting heart rate, then stand up, wait 15 seconds,
record the heart rate again, then wait another 2
minutes, and record the heart rate again. Also,
the heart rate should be recorded during various
exercise intensities, making note of the number
of minutes for each exercise session. Abnormal
elevations are indicators of dehydration and/or
systemic fatigue build-up. Continued monitoring
over a period of months, combined with body
weight and criterion performances (time trials), will
clarify the difference between fatigue and dehydra-
tion. This is essential in order to interpret heart-rate
data, especially at or above critical power.

Body Weight

Body weight will yield information on water
stores, sweat rate, and glycogen storage. When
embarking on hard training, it is necessary that
the carbohydrate stores of the body be adequate
at every workout.? In order to learn the caloric
intake necessary for an individual’s particular
training session, several months of repetitive
weightings are necessary.’>3? Athletes should
weigh themselves four times each day for several
months over the course of their training season.
Weighing before and after exercise under a variety
of conditions (heat, wind, sun) will yield infor-
mation on sweat rate and how well the athlete
compensates by drinking and eating during the
day. Endurance athletes who train for 4 to 6 hours
a day need to consume several thousand calories
of liquid and/or solid carbohydrate during this
time period. The only way to document proper
intake and storage is by repetitively measuring
the body weight as it fluctuates throughout the
day, when water and muscle glycogen are in flux
(Level of Evidence B, systematic review).%

Weight #1: Morning Weight
This weight should be recorded after the athlete
has emptied the bladder and colon. This is nec-
essary because a full bladder and fecal material
can add 2 kg or more of weight.

Weight #2: Before Exercise
This weight should be recorded just prior to
exercise and provides a baseline level.

Weight #3: After Exercise

This weight should be recorded immediately after
exercise. Care should be taken to use the same
scale and utilize similar technique (e.g., minimal
clothing). Subtracting weight #3 from #2 provides
information on sweat rate.

Weight #4: Bedtime Weight

This weight is necessary to record how much
replenishment took place between the last exer-
cise session and bedtime, when the athlete stops
eating and drinking. The bedtime-to-morning
weight difference indicates weight loss during
sleep. This is a compilation of respiratory losses
from breathing and also calories consumed during
sleep.

Analysis of Body Weights

Weighing the athlete four times per day for several
months reveals the athlete’s water utilization pat-
tern, which allows proper interpretation of the
heart rate data that are recorded during training.
Knowing the amount of water lost and gained
during exercise is important so athletes can prop-
erly prepare themselves for competition and cal-
culate the necessary replenishment for their par-
ticular sport venue. Fluctuations in body weight
reveal how well athletes replenish their carbohy-
drate and extracellular fluid stores. Athletes can
achieve the best accuracy with a sample of four-
times-per-day weighings carried out over 2 to 6
months as the training season progresses. Extra-
cellular fluid volume will distort heart-rate data.
Personal experience yields a pattern of 10 to 12
beats elevation of the heart rate at workloads
above 75% when in a slightly dehydrated state.
One consequence of not having adequate carbo-
hydrate stores is that the exercise bout will be
shortened, especially when the workload is above
75%. Proof that the athlete is eating sufficient
quantities to match the calculated needs can be
observed in weight fluctuations over several
months. Once a proper pattern is established, less
frequent weighings are required.

Mathematical Modeling

A clever approach to predicting training loads is
the use of mathematical modeling.*** The model
(Figure 7.5) takes into account that athletes are
highly individual in their responses to a given
training load. For example, consider the current
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Figure 7.5 Mathematical modeling. (From Scott, W., Curr. Sci., 1(3): 184-190, 2002. With permission.)
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world record in any given sport as a goal. By
definition, this world record is the theoretical best
a human can perform. Now consider an athlete’s
own personal best in the same event. Calculate
the percentage difference between the two. How
long will it take to make this much improvement?
What is the physiologic possibility of the athlete
achieving this goal? The ultimate outcome is going
to be dependent on genetics, years of training,
and psychological willpower.454% Training
impulses produce a small amount of fitness and
a small amount of fatigue. The build-up of each
can be measured indirectly by using mathematical

models to increase the training until the athlete
accumulates enough fatigue that his or her run-
ning economy suffers and the athlete eventually
slows down over a period of time trials. After 3
to 4 weeks of intense training, a taper period
begins while simultaneously the time trials repeat.
The athlete should super-compensate and
rebound back and show improvement in the time
trials or actual competition (Figure 7.6).

Critical Power Function

The critical power function is a hyperbolic rela-
tionship between time and power output.— The
power output vs. time can be plotted on a graph
(Figure 7.7). Critical power is the highest intensity
level that can be sustained for a long time. It
correlates with lactate threshold, ventilatory
threshold, and aerobic—anaerobic threshold.>*->7
Research shows that a 15-minute bike time trial,
a 5-K run, and a 1-mile swim (world record, ~15
minutes) all are conducted at approximately 95%
VO, Accordingly, a 30-minute bike time trial
and a 10-K run are carried out at 85% of VO, ..
In similar fashion, a 2.5-hour bike race and a 42-
K marathon are both carried out at approximately
75% of VO,,,..."% Coaches and athletes should
incorporate this approach into their programs, as
it allows them to precisely monitor fitness
improvements week to week, without the use of
invasive testing (VO,,,,, lactate).

PERIODIZATION OF THE
TRAINING SEASON

The training year can be subdivided into pre-
season, seasonal build-up, peaking and racing
season, and postseason recovery (Figure 7.8).
Each sport has a typical competitive season usu-
ally lasting about 6 months and frequently ending
in a championship event. Two to three major
competitions per season are selected. The 2
weeks immediately preceding each event are the
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designated tapering periods. The time prior to the
tapering period is dedicated to progressive build-
up (intensity and quantity) of workouts for several
weeks. Over the course of the training season,
the athlete will build up training for 2 to 4 weeks,
followed by 1 to 2 weeks of reduced training,
again depending on the time necessary for the
athlete to adapt. This cycle allows the athlete’s
body to adapt to the training stress. Athletes may
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participate in minor competitions in this relatively
fatigued state. Modern training programs include
aerobic and anaerobic exercise, weight training,
flexibility exercises, and sport-specific drills to
improve technique. Additional sport-specific exer-
cises can be added to the training, such as plyo-
metric exercises. The entire regimen is followed
throughout the year, but the percentages of max-
imal exertion for each component will vary
throughout the year (Figure 7.9). The preseason
training will focus on establishing a sound training
base. The postseason period is also an essential
part of the training, allowing for psychological
and physiological recovery.

TAPERING

The tapering process can be highly variable from
one athlete to the next and is often improperly
performed. It is important to document the indi-
vidual variation and determine the sensitivity of
changes in your methods. Morton et al.¥ showed
that the tapering period can be somewhere
between 11 and 26 days. The tapering period
needs to be highly specific.’®% When the tapering
period is being monitored, it is essential to prove
that weight did go up, illustrating supersaturation
of water and carbohydrate stores. Also during the
tapering period it should be noted whether a com-
pensatory change in heart-rate response to exercise
was observed. When an athlete is tapered, the heart
rate at the critical power level is typically five beats
lower than calculated, and the morning resting
heart rate is at baseline level (Figure 7.6).

EXERCISE LOG

All athletes should be encouraged to maintain an
exercise training log. As noted previously, athletes
should record: (1) body weight, (2) morning
supine and standing heart rates, (3) time spent
training above the 95% level, and (4) heart rate
at critical velocity during criterion performances,
as well as Profile of Mood score and any unusual
symptoms that occur during or after the training
session. A training diary provides a psychological
incentive to continue an exercise program, and
facilitates adjustments to improve the overall qual-
ity of the program.

SLEEP

Sleep is very important for recovery.” Athletes
who do not accumulate enough sleep hours will
not properly recover from day-to-day exercise
sessions. It is necessary to learn individual
requirements. Athletes who train 4 to 6 hours a
day frequently need 10 to 12 hours of sleep per

PRINCIPLES OF HEALTHY EXERCISE
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Figure 7.8 Periodization distribution between training cycles. (From Sleamaker, R., Serious Training
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night. Many athletes, due to busy lifestyles
engaged in businesses and educational pursuits,
will try to get by on 6 to 8 hours of sleeping
when their bodies probably require much more.
This can have a huge effect on the athlete’s ability
to recover from the rigors of training. A useful

method for determining the required sleep pattern
is to make sure that the athlete can sleep undis-
turbed over the weekend or on holidays. Trial
and error will reveal how much sleep the athlete
would naturally get if allowed to sleep undis-
turbed.
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It is important for athletes to keep in mind that
special equipment and the effects of altitude,
circadian rhythms, %7 temperature, wind, humid-
ity, arduous terrain, pollution, allergens,”* and
other sport-specific variables must be calculated
into the overall training program. Failure to rec-
ognize the influence of such factors can surely
alter an athlete’s performance by 5 to 10%. It is
important to understand that world-record differ-
ences between first and second place are fre-
quently less than 0.5% at the Olympics.

SUMMARY

Training for competition is hard on the athlete.
In order to improve performance, the athletes
must stress themselves. Athletes must learn to
tolerate fatigue and the ill feeling associated with
stressful training. Supervising an athlete who is
training is both an art and a science. The expe-
rienced coach can prescribe hard training in a
manner that is psychologically pleasing and
acceptable to the athlete. Given the rigors of
proper training, it takes a tough constitution to
endure the necessary workouts. In today’s sports
world, athletes must follow scientifically based,
comprehensive training programs to remain com-
petitive and injury free.
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Performance and achievement in sports are more
complex than just hard work and dedication.
Many variables impact on the level of skill
achieved by an individual participant. Genetic,
environmental, mental, and physical factors
weave together into a complex matrix that defies
a simplistic approach or a single overriding factor
that can predict or result in maximal athletic
performance. For the practicing physician, it is
worthwhile to be knowledgeable of genetic and

physiologic factors while addressing issues such
as environment, nutrition, training, psychological
factors, and injury prevention with the athlete.

HEREDITARY/GENETIC
FACTORS

Genetic factors influence performance through
several determinants: body composition, cardiop-
ulmonary functions, muscle characteristics, biome-
tabolism, and physiology. Considerable differences

* In the second edition, this chapter was authored by Jeffrey I. Tanji.
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exist in the individual level of endowment with
regard to these factors.

Somatotype

It has long been recognized that success in a
given sport is often associated with and epito-
mized by a particular body type. Somatotypes are
often described according to the Heath—Carter
method,! using the terms ectomorph, endomorph,
and mesomorph. 1t is easy to conceptualize how
particular body types may be more suited to
particular sports, with most competitive basketball
or volleyball players being characterized by
higher ectomorphy,? while gymnasts and female
pentathletes as a group tend toward a mesomor-
phic body type.>* The tendency toward the ideal
body type may be more significant as the level
of competition is considered; Gualdi—Russo and
Zaccagni found more homogeneity of the body
type of male volleyball players at the maximum
level of performance.? Numerous examples of
very successful athletes, including National Bas-
ketball Association stars Shaquille O’'Neal, a 338lb
endomorphic center, and Speedy Claxton, a 166lb
mesomorphic guard, demonstrate that a particular
somatotype is not necessarily a requirement for
success in a particular sport. It is clear that while
anthropomorphic body types generally do corre-
late with success in certain sports, these correla-
tions are not strong enough to predict perfor-
mance on an individual basis.?

Muscle Fiber Type

Different muscle fiber types have been shown to
correlate with different types of athletic perfor-
mance. Type I fibers have superior oxidative
capacity when compared to type II fibers, which
have superior glycolytic capacity. Type I fibers
are more abundant in athletes participating in
endurance type activities, such as long distance
running, swimming, and cycling. Type II fibers
are associated with short-duration, high-intensity
activities such as soccer and short and middle-
distance running events.>® Skeletal muscle prop-
erties may vary as a function of race. Samson and
Yerles’ reviewed performance in Olympic events
and found that U.S.-trained black athletes domi-
nated sprinting events, while U.S.-trained non-
black athletes excelled at long-distance events.
Ama et al.® compared muscle fiber types between
African-American and Caucasian men and found
that type I fibers were less abundant in African-
Americans than Caucasians. Difference in racial
group athletic aspirations and success has long
be attributed to sociocultural factors, but these

findings suggest a possible genetic predisposition
to success in various sports.” Further research is
needed to examine the relationship between
racial differences in skeletal muscle properties
and the role they play in performance, as current
studies are small and difficult to extrapolate to
the population level.

Gene Mapping

Investigation into DNA-level differences and their
effect on fitness and performance started in the
1990s. The most extensively studied gene associ-
ated with athletic performance has been the
angiotensin-converting enzyme (ACE) gene. A
greater frequency of the insertion (I) allele in the
ACE locus has been reported in endurance ath-
letes, specifically Australian rowers, British moun-
taineers, and runners.”!® Human gene mapping
for physical performance is in its infancy but is
an exciting new area of human performance
research.

PHYSIOLOGIC FACTORS

Oxygen Consumption

Athletes who perform well in endurance events
often possess a high VO, .!! Physiologic adap-
tations that may occur as a result of training that
challenges the oxidative system include increases
in maximal cardiac output, blood volume, con-
centration of oxidative enzymes, capillary density,
and oxidative capacity of muscles through
increased mitochondrial volume and density.''-14
Researchers agree on the existence of a physio-
logical upper limit to the body’s ability to con-
sume oxygen.'* It is debated whether this limit is
set by pulmonary, cardiovascular, or skeletal mus-
cle factors. Current opinion is that cardiac output
is the principle limiting factor for VO, in endur-
ance events such as running and cycling.'*!> Exer-
cise physiologists are engaged in ongoing
research to further identify opportunities to
improve VO,, .. and possible limiting factors.
Lactate Threshold

Lactate threshold (LT) is another marker of endur-
ance performance as it is the point at which blood
lactate accumulates above resting values during
increased exercise intensity. A runner with a high
lactate threshold is able to run at a high percent-
age of VO, before the lactate production rate
exceeds the lactate removal rate. Lactate produc-
tion is related to multiple variables, including
mitochondrial content in muscles and mitochon-
drial enzyme activity."* Endurance athletes have
been found to have a higher LT, suggesting that



they can operate at a higher percent of VO, ..
for a longer period of time before beginning
lactate accumulation.' 4

Running Economy

Running economy describes a relationship
between VO, .. and velocity of running, or the
oxygen required at a given absolute exercise
intensity. 112
mance for distance runners by allowing the run-
ner to run faster over a given distance or run
longer at a constant speed because of a decrease
in oxygen consumption for the work completed.
Both endurance and resistance training have been
demonstrated to improve running economy.!!4
Specifically, resistance training is thought to
improve running economy by improving effi-
ciency of the muscles used, recruitment of muscle
fibers, and muscle coordination which translates
to decreased workload and decreased oxygen
consumption.!!

Running economy influences perfor-

Anaerobic Power

Anaerobic power refers to the ability to convert
energy to useful work in the absence of oxygen.
This is accomplished through glycolysis. Training
that improves glycolytic enzyme activity, force
production, and storage of intracellular glycogen
or causes shifts within major fiber types (more
type II than type 1) may increase anaerobic capac-
ity. Improved anaerobic power has clearly been
demonstrated to improve strength and when com-
bined with anaerobic training may have a syner-
gistic effect in improving endurance perfor-
mance.!! One potential benefit of improved
anaerobic power in endurance performance may
be in the realm of increased time to exhaustion,
which appears to be related to improved effi-
ciency of muscle work and recruitment of other
muscle fibers.!114

Jet Lag

It is not uncommon for elite athletes to compete
in events many time zones from home. For this
reason, much research has been done to evaluate
the effect of such travel and interventions that
may mitigate the effects of travel. The symptoms
related to travel across numerous time zones
include sleep disorders, difficulties with concen-
tration, irritability, depression, fatigue, decreased
appetite, disorientation, and gastrointestinal dis-
turbances.’® These effects seem to be at their
worst within the first 24 hours but can persist for
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6 to 7 days.'? It seems prudent to advise the
athlete about these findings if air travel is required
for their competition. Numerous studies have
looked at possible interventions that may
decrease the effects of jet lag. These studies have
evaluated the benefits of benzodiazepines, mela-
tonin, and room light exposure.?-23 All studies
have been inconclusive in proving a benefit, and
further research is indicated.

ENVIRONMENTAL FACTORS
Temperature and Humidity

The adverse effects of heat and humidity on
performance, especially in endurance events,
have been demonstrated in several studies. If
ambient temperature exceeds body temperature,
heat cannot be dissipated by radiation. If relative
humidity is high, the potential to dissipate heat
by evaporation of sweat is substantially reduced.
Dehydration decreases performance in endurance
events, and this effect is exacerbated by hyper-
thermia.?* The practicing physician must empha-
size the importance of proper hydration, acclima-
tion, training, and clothing to minimize the
negative impact of heat and humidity.?+?” (Level
of Evidence B, small randomized controlled tri-
als). Dehydration can also occur in cool and cold
weather. Factors that contribute to dehydration in
these conditions include respiratory fluid losses,
sweat losses that may be high due to the use of
insulated clothing, and limited fluid intake.?0?”

Equipment and Playing Surface

Manufacturers of athletic equipment are regularly
promising improved performance; however, mea-
surements of performance rarely address
player—equipment interaction so the efficacy for
enhancing performance on the individual level is
difficult to predict.?® Protective equipment has
been shown to decrease injury with minimal
impact on performance. Playing surfaces have
been repeatedly studied in regard to correlation
with injury. Shoe surface traction for the average
player is the specific relevant variable that is most
likely to correlate with injury in various forms of
football, including soccer, rugby, and football.®
Many studies have looked at natural turf vs. arti-
ficial turf and found that minor injuries are more
common on artificial turf in football and on grass
courts than hard courts for tennis.?3° While injury
prevention is critical to athletic performance,
none of these studies addresses differences in
performance based on the playing surface alone.

PRINCIPLES OF HEALTHY EXERCISE
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NUTRITION/DIETARY FACTORS
Energy

Meeting energy needs is the first nutrition priority
for athletes. Inadequate energy intake relative to
energy expenditure compromises performance
and the benefits of training. When energy intake
is inadequate, muscle glycogen is depleted and
eventually fat and lean muscle mass will be used
as fuel for the body. Normally active people need
to consume 37 to 41 kcal/kg body weight per
day based on Recommended Dietary Allowances.
Recommendations for athletes should take into
account the intensity, duration, and frequency of
the events performed, and that energy require-
ment should be added to the baseline require-
ment.?* While these numeric guidelines are help-
ful, each athlete needs to consume enough energy
to maintain appropriate weight and body compo-
sition while training for a sport.

The Dietary Guideline for Americans and
Nutrition Recommendations for Canadians sug-
gest that the energy in a healthy diet should come
from 55 to 58% carbohydrates, 12 to 15% protein,
and 25 to 30% fat (Level of Evidence C, consen-
sus/expert opinion).’3 Data are not currently
available that would recommend a diet substan-
tially different from this for athletes.?® Carbohy-
drates are important in maintaining blood glucose
and replacing muscle glycogen. The amount
required depends on the athlete’s total daily
energy expenditure, type of sport performed, sex
of the athlete, and environmental conditions. Pro-
tein requirements are slightly increased for highly
active people and more so for resistance exercise
than endurance exercise.?033% Supplementation
with branch-chain amino acids has been studied,
but to date the results do not demonstrate a
performance improvement. Their safety is not
well established, and accordingly their use cannot
be advocated.?®3 Fat intake should not be
restricted, no performance benefit is gained by
consuming a diet with less than 20 to 25% of
energy from fat.?

Timing of meals is another issue that should
be addressed with athletes. Eating before exercise,
rather than exercising in the fasting state, has been
shown to improve performance.?33 The meal
should leave the athlete neither hungry nor with
undigested food in the stomach. Carbohydrates are
easily broken down and quickly provide energy to
the body. Ingestion of carbohydrates during exer-
cise has been shown to improve performance in
strength and endurance activities. The carbohydrate
consumed should be primarily glucose, as fructose
alone is not effective.203038 Post-exercise meals

should include carbohydrates and protein to max-
imize glycogen synthesis and provide substrates
for muscle protein repair, respectively.

Fluids

Dehydration refers to both hypohydration and
exercise-induced dehydration. Hypohydration is
intentional dehydration induced prior to exercise.
It is commonly employed in sports that require
certain weight standards for participation, such as
wrestling, boxing, and judo. Studies demonstrat-
ing the adverse effects of dehydration on perfor-
mance date back to the 1940s, yet athletes still
often do not consume adequate volumes of fluid
before, during, and after competition. The mag-
nitude of performance deficit is related to the
degree of exercise-induced dehydration, with
even low levels of dehydration impairing perfor-
mance. This effect is magnified in hot and humid
conditions.?* Hypohydration clearly impacts on
aerobic endurance, but research into the effects
of hypohydration on muscle strength and endur-
ance has produced conflicting results.?#34 The
American College of Sports Medicine recom-
mends consumption of 400 to 600 mL of fluid 2
to 3 hours before exercise and 150 to 350 mL at
15- to 20-minute intervals, beginning at the start
of exercise. Beverages containing 4 to 8% carbo-
hydrate are recommended for intense exercise
events lasting longer than 1 hour (Level of Evi-
dence C, expert opinion).*' After exercise, athletes
should consume fluid and sodium to reestablish
fluid balance.

Vitamins and Minerals

Micronutrients play a valuable role in energy pro-
duction, hemoglobin synthesis, bone health,
immune function, repair of muscle following
exercise, and protection of body tissues from
oxidative damage. In general, no vitamin and
mineral supplements should be required if an
athlete is consuming adequate energy from a
variety of foods to maintain their body weight.
Supplementation should be based on specific
micronutrient deficiencies.?*%% Iron depletion is
one of the most common nutrient deficiencies
observed in athletes, especially female athletes.
Iron deficiency anemia negatively affects exercise
performance by decreasing VO, .. and aerobic
performance. Recent studies have documented
benefit in replenishing iron when ferritin levels
are low even if hemoglobin levels remain in the
low normal range (Level of Evidence B, small
RCT) . 26,4244



Ergogenic Aids

The marketing of ergogenic aids is an interna-
tional, multimillion-dollar business that takes
advantage of the desire of athletes to be the best
and gain any competitive edge that may be avail-
able. In the United States, the manufacturers of
supplements are able to make claims regarding
the effects of a product on the structure or func-
tion of the body as long as they do not claim to
“diagnose, mitigate, treat, cure, or prevent” a spe-
cific disease (Dietary Supplement Health and Edu-
cation Act of 1994). The manufacture may make
claims that may or may not be valid as long as
the label indicates the active ingredient and all
other ingredients. The practicing physician should
counsel the athlete on the use of ergogenic aids,
including aspects of product safety, efficacy,
potency, and legality.?

PSYCHOLOGICAL FACTORS

The importance of sport psychology has become
more evident over the last two decades. Many
professional athletes work closely with their sport
psychologist to optimize their performance. Tech-
niques such as goal setting, imagery or mental
rehearsal, relaxation training, stress management,
self-efficacy or self-talk, and modeling interven-
tions dominate the sport psychology literature.
The use of imagery to enhance performance has
been studied in numerous different types of ath-
letic participation and at different levels of skill
development. Imagery has repeatedly been
shown to have a positive effect on perfor-
mance.” Not only has the benefit of positive
imagery been documented by numerous studies
but the adverse effect of negative imagery has
also been demonstrated.>® Hypnosis appears to
enhance the intensity and efficacy of imagery.
Relaxation exercises are also well studied in rela-
tion to athletic performance. In relation to free-
throw shooting in basketball, some studies sug-
gest that relaxation is more effective than imag-
ery;>» however, relaxation has been found to
decrease strength performance.® “Psyching up”
refers to self-directed cognitive strategies used
prior to or during skill execution to enhance
performance.

The most commonly employed techniques
include focused attention, preparatory arousal,
imagery, and self-efficacy statements, with results
suggesting that preparatory arousal is the most
effective technique for muscular force produc-
tion.’>>” Untrained athletes likely may have a
greater benefit from psyching up, as they have a
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greater variation in performance than highly
trained athletes.%

Self-confidence is also an important psycho-
logical factor in athletic performance. While no
overall agreement has been reached with regard
to what factors are most important for the occur-
rence of repeatable good performance in a sport,
athletes often rank total self-confidence as one of
the most important factors. Additionally, self-con-
fidence has been found to correlate directly with
performance in young athletes.>®>

An interesting area of research in the field of
sport psychology is childhood traits that predict
future athletic performance. Poulton and Milne®
found that low levels of fear in childhood corre-
lated with athletic achievement in adolescence
and young adulthood. Clearly, numerous other
factors are likely to have similar correlations and
further research in needed.

TRAINING

Physiologic adaptations that occur with endur-
ance training lead to increased delivery of oxygen
to the exercising muscles (central adaptations)
and increased utilization of the oxygen by the
working muscle (peripheral adaptations). The
central adaptations to training include decreased
heart rate, increased blood and plasma volume,
and increased cardiac output due to an increase
in stroke volume. These changes may occur rel-
atively rapidly (3 to 5 days) with training, but an
improvement in VO, will require longer peri-
ods of training (12 to 38 days).®! Peripheral adap-
tations take even longer to occur and include
increased muscle capillary density, increased
mitochondrial volume, and higher oxidative
enzyme activity. In the untrained individual or
recreational athlete, these changes are predictable
and result in more efficient muscle contraction
and increased physical work capacity, which in
turn lead to enhanced performance. In the elite
athlete, these adaptations have already occurred,
and a further increase in performance is not
related to increased volume of training so other
methods of training are often employed.!!6!
Resistance training, high-intensity interval
training (HIT) and living and/or training at alti-
tude are a few of the training strategies used by
elite athletes to improve performance. Resistance
training is designed to increase muscle strength,
power, and muscular endurance. Resistance train-
ing leads to increased strength in trained and
untrained athletes but typically does not improve
VO, 't Circuit training (resistance training with
limited rest between sets) in untrained individuals,
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however, can lead to some improvement in
VO,,..« and lactate threshold (LT). These changes
are felt to be due to the limited rest in circuit
training and improved muscle efficiency. Resis-
tance training does not seem to influence VO, .
or LT in either a positive or negative way in the
trained athlete. Running economy does however
appear to improve with resistance training, and
this has been shown to improve running perfor-
mance.1%? Increased strength as a result of resis-
tance training in the elite athlete appears to
improve mechanical efficiency, muscle coordina-
tion, and motor recruitment patterns, which
results in decreased workload, improved econ-
omy, and increased time to exhaustion.!!

High-intensity interval training is broadly
defined as repeated bouts of short to moderate
duration exercise completed at an intensity that
is greater than the anaerobic threshold. Rest or
low-intensity exercise occurs between bouts,
allowing some, but not complete, recovery. In
the untrained individual, the addition of HIT to
endurance training improves performance to a
greater extent than seen with endurance training
alone. Adaptations in the untrained individual
include upregulated contributions of both aerobic
and anaerobic metabolism to the energy
demand.®% HIT can lead to significant improve-
ments in endurance performance in the highly
training athlete as well, but the mechanism for
improved performance is unclear, and further
research is required.6"63

Acclimatization to moderately high altitude
while training at lower altitudes (“live high—train
low”) has also been evaluated for its effect on
performance. A common theory as to how this
combination works is through stimulation of
erythropoiesis, leading to an increase in oxygen
delivery to peripheral tissues.®* Other researchers
have suggested that the benefit is the result of
changes at the muscle level and not erythropoie-
sis.% In collegiate runners, this method of training
resulted in a 1.4% improvement in 5000-m per-
formance at sea level, and elite athletes showed
a 1.1% improvement in their 3000-m perfor-
mance.* Studies looking at similar effect on elite
cyclists have found similar levels of improve-
ment. While these improvements may not seem
like a large effect, it is important to remember
that races at these levels are won and lost by
small fractions of a percent. Other studies have
looked at living and training at altitude or living
at sea level and training at altitude and have not
demonstrated improvements in performance at
sea level 0560

BIOMECHANICS

Over the past three decades the role of biome-
chanics in sports science and sports medicine has
grown exponentially. Biomechanics plays an
active role in injury prevention, rehabilitation, and
performance enhancement. Biomechanical anal-
ysis techniques provide a way to estimate forces
and deformations experienced by various tissues
during human movement.®” These techniques can
assist in identifying both anatomical as well as
mechanical factors that put an athlete at risk for
injury. Biomechanical analysis has been utilized
to identify athletes at risk for various injuries,
assist in development of protective gear that will
decrease injury while not hindering performance,
and identify movements and motions that should
be avoided to decrease the risk of injury.©-74
Numerous biomechanical tools exist to directly
or indirectly measure a range of mechanical vari-
ables that represent performance. A very common
technique for assessing performance is motion
analysis with two- or three-dimensional cinema-
tography or videography. Other tools exist as
well, but most are quite expensive, labor inten-
sive, and typically only available to athletes per-
forming at the highest levels of competition.”>74
It is difficult to assess the effectiveness of biome-
chanical analysis on athletic performance due to
the many variables between the biomechanical
evaluation and successful execution of a recom-
mended change in motor function.”? Further
research in the field of biomechanics and sports
science will likely address this issue in the future.

INJURY RISK FACTORS

An athlete’s performance is influenced by both
the real and perceived risk of injury. Predisposing
factors include both intrinsic or subject-related
factors and extrinsic or environmental factors.
Age, gender, body build, previous injury, physical
fitness, and life stress are examples of subject-
related risk factors. Environmental factors include
sports-related factors, playing surface, equipment,
and weather. Sports injury results from a complex
interaction of these variables. The preparticipation
sports examination gives the astute clinician the
opportunity to identify possible risk factors and
educate the participant in measures that can min-
imize the risk of injury.”

Exposure time, previous injury, and life stress
are three factors that were found by Van Mechelen
et al.”® to be significantly correlated to injury. It
is easy to see how increased exposure may lead
to a greater risk of injury. It is not recommended
that we encourage athletes to decrease exposure



to reduce risk, but emphasizing the importance
of recognizing early signs of overuse injuries is
reasonable.

Previous injury as a risk factor should be
addressed by emphasizing the importance of full
rehabilitation and implementation of measures to
reduce re-injury. Tenacity is an attribute that is
commonly associated with the successful athlete;
however, this same tenacity can be detrimental
when the athlete is insistent on returning to par-
ticipation before full rehabilitation. Ankle sprains
in basketball are one area that has been studied
extensively. Recommendations to reduce the risk
of re-injury include completion of supervised
rehabilitation followed by use of an appropriate
ankle-support orthosis for 6 to 12 months (Level
of Evidence C, expert opinion).”’

Psychological and psychosocial factors are
important both in injury prevention and recovery.
Sports psychologists can play an important role
in sports injury rehabilitation by assisting the ath-
lete in understanding the mind-body interactions
and how they function regarding stress.”® Life
stress is an independent risk factor for injury and
is influenced by the athlete’s support system and
coping skills.77 The athlete who is experiencing
stressful life events may suffer from decreased
attention, decreased concentration, sleep prob-
lems, and fatigue and may be more likely to
engage in risk-taking behavior.” In terms of injury
prevention, it is advisable that the coach, trainer,
and physician pay attention to athletes who have
been exposed to high levels of stress and assist
them in identifying healthy coping mechanisms
and social support.767

GENDER

Female participation in sports has steadily
increased throughout the 20th century. In the
1900 Olympic Summer Games, a few women
were allowed to play golf and lawn tennis. World
War 1II furthered the movement of women into
traditionally male roles, and in 1972 Title IX was
enacted, creating equal opportunity situations for
women in sports. Today, we have numerous pro-
fessional female athletic teams and individuals
who enjoy a large and loyal fan base.

Rate of improvement based on gender differ-
ence has been evaluated in light of this increased
popularity of sports participation by women. The
rate of improvement for women in running, swim-
ming, and skating events has been extraordinary,
especially in longer distance events. Male athletes
are more physiologically suited to anaerobic
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strength events than women, but it has been
proposed that women could improve in endur-
ance events such that they could be on par with
male performances or possibly surpass them.881
Sparling et al.#? evaluated this by reviewing gen-
der differences in world records for running and
found that the gender difference for running the
1500-m and marathon distances has remained
stable since the 1980s, indicating in his study that
the gender difference has reached a plateau.
Despite this finding, men and women continue
to improve their running performance, and it is
certainly possible that this gap may narrow again
in the future.

Hormonal changes, either natural or due to
contraceptive medications, have been studied as
a variable in athletic performance for women.
Cyclical endogenous hormonal variations
throughout the menstrual cycle influence meta-
bolic, thermoregulatory, cardiovascular, and res-
piratory parameters. While the effects on each of
these systems are clearly established, their impact
on athletic performance is less clear. The findings
for exogenous hormones in the form of contra-
ceptive pills has rendered similar results.®3% The
use of oral contraceptive pills to control menstrual
cycles, delay periods during sporting events,
reduce dysmenorrhea, lessen premenstrual ten-
sion syndromes, reduce iron losses by controlling
menses, and reduce the risk of pregnancy may
exert a positive effect on the overall sports per-
formance.®>* The impact of changes exerted by
endogenous and exogenous hormones are not
likely to be sufficient to impact the ability of most
recreational athletes to participate in their sport.
The elite athlete, however, may note a more
significant impact, as even small variations in
performance are noticeable. For this reason, it is
important that further research in this field con-
tinue.

Female athletes are under intense pressure to
have a low percentage of body fat both for body
image and to enhance performance. This is even
more notable in events such as gymnastics and
ballet. Elite athletes tend to be goal oriented and
perfectionists to begin with, and these tendencies
put them at risk to succumb to disordered eating.
This may subsequently lead to amenorrhea and
bone loss or osteoporosis and is known as the
female athlete triad.#>%¢ It is important for the
practicing physician to be aware of this risk and
the early signs of disordered eating and to empha-
size the importance of healthy body composition
for athletic performance.
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AGE

Cardiovascular endurance, muscle strength, bal-
ance, and flexibility are all influenced by age.
Master athletes have been used to evaluate the
ideal rate of physiologic decline with aging, based
on the premise that older athletes may be able
to reduce the rates of decline in functional loss.
This premise is questionable. Wiswell et al.®’
found that VO, ., strength, and performance for
men and women declined significantly with age,
and that these differences are not considerably
different than rates previously reported for older
sedentary adults. Importantly, this study did not
take into account current level of athletic activity.
In studies looking at prior athletic performance
and development of postural imbalance, it has
been shown that history of athletic activity did
not protect an individual with regard to develop-
ment of balance difficulties. Those individuals
who are currently active, regardless of prior ath-
letic involvement, perform better on balance test-
ing 5

The rate of decline in athletic performance as
a function of age has also been evaluated. Swim-
ming performance has been demonstrated to
decline linearly from peak levels at age 35 to 40
until age 70, at which time this decline becomes
exponential. The age of peak level and age at
exponential decline are slightly earlier for run-
ning, 25 to 30 years and 60 years, respectively.®-!
These age difference are felt to be due to a slower
decline in upper body strength when compared
to lower body strength and fewer orthopedic
injuries in swimming.®% When comparing
strength vs. endurance performance, it has been
shown that strength declines at a faster rate than
endurance, but the rate of decline of each can
be slowed by continued training in both resis-
tance and endurance exercises.”>%

It is also important to be aware of athletic
performance in the very young, as well. With the
fame and success of athletes such as Tiger Woods
and Michelle Wie, both of whom started to play
golf at an early age, many parents are enrolling
their preschool-aged children in organized sports
programs and athletic camps.

It is important to keep in mind the child’s level
of physical, neuromotor, cognitive, percep-
tual-motor, and psychological maturation when
encouraging athletic participation. Teaching or
expecting a child to learn a skill when they are
not developmentally ready is more likely to lead
to frustration than long-term success in a sport.”
The preschool child should be encouraged to
participate in a variety of different activities that

allow the child to practice and refine skills and
most importantly to have fun.®# Participation in
organized sports, when these goals are kept in
mind, can help the child to develop confidence,
overcome fear of being hit by a ball, and develop
an enjoyment for a variety of athletic events.

SUMMARY

Understanding the various contributions of genet-
ics, physiology, biomechanics, training, nutrition,
stress, gender, age, and the environment on ath-
letic performance will allow the physician to
astutely assist the athlete in achieving optimal
performance while avoiding injury. The multitude
of variables that contribute to athletic perfor-
mance is what makes participation in competition,
either against others or against one’s own best
effort, exciting and unpredictable.
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We bave obtained this life as a human being.
Whether we make it worthwhile or not depends
on our mental attitude.

—The Dali Lama

INTRODUCTION

Obesity and overweight are major health prob-
lems in the United States.'? The prevalence of
overweight and obesity has exceeded 60%. Obe-
sity is strongly associated with increased risk for
type 2 diabetes, heart disease, osteoarthritis,
stroke, cancer, and depression, resulting in
increased suffering, disability, and medical cost.!
In 1995, the combined direct and indirect medical
costs for untreated obesity were estimated to be
over $99.2 billion, and they rose to over $117
billion by 2001.3 The rationale for treating obesity
comes from evidence that even modest weight

loss can have a favorable impact on the above
conditions.*> For example, in a recent study, as
little as a 7% weight loss combined with mild to
moderate physical activity reduced the relative
risk of patients with glucose intolerance from
progressing to diabetes by 58%, compared to
medication alone (31%).°

One factor believed to play a role in our
nation’s rising weight concerns is the concomitant
low levels of physical activity among almost all
population groups in the United States.” Cross-
sectional studies have supported an inverse rela-
tionship between activity level and weight, with
more active people less likely to be obese (Evi-
dence Level B, cross-sectional study).® In fact,
national health surveys have revealed that children
and adolescents are spending large amounts of time
engaging in sedentary behaviors that are associated
with increased risk of obesity.? In addition, only

* In the second edition, this chapter was authored by Maynard A. Howe and Bruce C. Ogilvie.
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64% of adolescents report 20 minutes of vigorous
activity at least 3 times per week.!° Finally, minor-
ity youth are reportedly less active than Caucasian
youth.!!

Just as troubling are the prevalence rates for
adults. Only 25% of the U.S. population over the
age of 18 report engaging in light to moderate
physical activity at least 5 days per week, 45%
report insufficient activity, about 25% of adults
report no leisure-time physical activity, and only
16 to 17% report engaging in vigorous physical
activity.”1213 With regard to ethnic differences,
young Caucasian adult males with higher incomes
report the highest amount of leisure-time physical
activity.® The most sedentary population group is
adults 50 years of age and older. Furthermore,
one in two women and one in three men 75 years
of age and older report engaging in no regular
physical activity.!® Finally, even our nation’s mil-
itary personnel appear to be struggling to be
physically active. In a random sampling of military
installations, Harrison et al.'* found that only 63%
of respondents reported exercising 3 or more
times per week, 37% reported exercising less than
3 times per week, and 15% reported not exercis-
ing at all.

Given these low rates of physical activity and
the cumulative data regarding the physical and
psychological health benefits of physical activity,
exercise, and sport behavior, public health agen-
cies and national organizations have made rec-
ommendations regarding physical activity and
exercise. New recommendations for physical
activity and health recommend that every adult
in the United States engage in 30 minutes or more
of moderate-intensity physical activity daily, such
as heavy cleaning in the home (e.g., lawn mowing
with a power mower, painting, or home mainte-
nance) or walking briskly (3 to 4 mph, or 4.8 to
6.4 km/hr) (Figure 9.1)." Those individuals able
and willing to further increase the intensity of
their activity levels should.’® With respect to
youth, the Healthy People 2010"° recommends at
least 20 minutes of vigorous activity three times
per week; however, due to rising obesity con-
cerns among youth, others recommend at least
60 minutes of physical activity per day for chil-
dren and adolescents.'” Finally, for older adults,
the ACSM!® highlighted the importance between
maintaining appropriate activity and physical,
psychological, and cognitive abilities.

Primary care physicians are in an ideal position
to significantly impact these public health issues,
as they are typically an access point for health
care.' Not only do adults average about 3 medical

visits per year,?® but Nawaz et al.*! reported that
approximately 25% of the people that enter a
primary care clinic for any type of medical treat-
ment are moderately overweight or obese (body
mass index = 27.3). This means that the typical
primary care physician who treats 25 people a
day could intervene on behalf of 30 individuals
in a typical week who are at an increased health
risk because of excess weight. A recent study
found that only 42% of physicians discussed
weight loss with obese patients (body mass index
230) and 35% with overweight patients (body
mass index 26 to <30).?? Similarly, 31% indicated
that they referred obese patients to a nutrition
counselor and 27% reported they discussed exer-
cise.?? Physicians have cited lack of resources,
time, and knowledge of effective interventions as
among the barriers to effectively addressing these
important health issues.?>* Therefore, while opti-
mally poised, primary care providers would ben-
efit from additional tools, information, and/or
training to effectively target such important public
health issues.

This chapter focuses on recent studies exam-
ining the importance of physical activity, exercise,
and sport behavior for optimal health. Strategies
for primary care physicians to use for case con-
ceptualization and treatment will also be pre-
sented. Additionally, common issues pertinent to
competitive sports will be highlighted.

HEALTH BENEFITS

The effects of physical activity, exercise, and sport
on physical and psychological health were exten-
sively reviewed in the 1996 Surgeon General’s
report on physical activity and health.!® High-
lighted is the consistent evidence supporting a
dose-response relationship between moderate to
high physical fitness and lower mortality. That is,
sedentary individuals have a 1.2- to 2-fold
increased risk of dying compared to more active
individuals. Among other health benefits, most
studies have found an inverse dose-response
relationship between level of physical activity and
risk of coronary heart disease, risk for hyperten-
sion, and colon cancer risk. Evidence has also
suggested that physical activity may play a pro-
tective role on the development of non-insulin-
dependent diabetes mellitus. Regular, moderate
exercise has also been shown to reduce symp-
toms and improve function for individuals with
rheumatoid arthritis or osteoarthritis. Additionally,
exercise has been associated with a reduced risk
of falls and fractures in the elderly.
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Do
Sparingly

Play computer
games, watch TV,
use labor saving
devices like
escalators

Recreational Activities
2-3 days/week

Golf, Bowling, Baseball, Soccer,
Hiking, In-line Skating, Dancing,
Canoeing, Yoga, Martial Arts

Aerobic
Exercise

Flexibility
Exercise
2-3 days/week
Static stretching of
major muscle groups,
Hold each pose
10-30 seconds

Strength
Exercise

3-5 days/week

20-60 minutes
Running, Cycling, Cross
Country Skiing, In-line
Skating, Stair Stepping

2-3 days/week
8-10 exercises
1 set of 8-12 reps
Bicep curl, Tricep press,
Squats, Lunges, Push-ups

Take the Stairs Physical Activity Walk to do your
Garden errands
Wazhr&c\g\lrax Most Days of the Week Vg(lekat:egc;g
you Accumulate 30+ minutes you

Rake Leaves house
Mow the Lawn Play with your
kids

Figure 9.1

Physical activity pyramid. (From Georgia State University website http://www.gsu.edu/

~wwwfit/physicalactivity.html. Copyright 1999 Board of Regents of the University System of Georgia.

With permission.)

Exercise has been shown to be an effective
intervention for depressed and anxious moods.!
Worth noting is a randomized controlled trial
involving older adult men and women who met
Diagnostic and Statistical Manual of Mental Dis-
orders, 4th ed., diagnostic criteria for major
depressive disorder. They were assigned to 16
weeks of either exercise (30 minutes of walking
or jogging three times a week) or antidepressant
medication (sertraline), or a combination of exer-
cise and medication. Across all three groups, par-
ticipants had clinically significant improvements
in their depressions scores at the 16-week follow-
up. At the 10-month follow-up, those in the exer-
cise-only group and the exercise-plus-medication
group had a lower rate of relapse and a higher
likelihood of being partially or fully recovered

than those in the medication-alone group (Level
of Evidence A, randomized controlled trial).2® An
association was also found between exercising
on one’s own during follow-up and reduced risk
of relapse. Furthermore, studies have supported
a positive impact on affect following exercise
(Level of Evidence B, cohort studies),?? and
even improvements on some aspects of cognitive
function (e.g. scheduling, planning, working
memory) (Level of Evidence A, randomized con-
trolled trial).? For adolescents, an inverse rela-
tionship between physical activity and depression
has been supported (Level of Evidence B, non-
quantitative review).* The aforementioned psy-
chological health benefits are not exhaustive, but
are among those with the strongest and most
consistent findings.'

PRINCIPLES OF HEALTHY EXERCISE
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UNDERSTANDING AND
CHANGING EXERCISE
BEHAVIOR

Over the past decade, researchers have applied
several different theoretical explanations to the
study of physical activity, exercise, and sport
behavior. These have included learning theory,
social-cognitive theory, the trans-theoretical or
stages of readiness to change model, and relapse-
prevention models, to name a few.334 Unfortu-
nately, any one theory has been insufficient for
successful understanding and promotion of phys-
ical activity and exercise behavior for health.”3!
Suggested future clinical and research endeavors
must include environmental (e.g., organizational
and community) variables, in addition to intrap-
ersonal and interpersonal factors.!16:3

A BIOPSYCHOSOCIAL
APPROACH

Through use of the biopsychosocial model, phy-
sicians and their multidisciplinary teams can con-
ceptualize physical activity, exercise, and sport
behavior across interpersonal, intrapersonal, and
environmental dimensions.’*3 The fundamental
assumption of the biopsychosocial model is that
health and illness are caused by multiple factors
and produce multiple effects. These include phys-
ical, emotional, cognitive, behavioral, and envi-
ronmental factors, which are detailed below.

Physical Factors

Identifying the patient’s current health status is a
critical part of any behavioral health assessment.
Do they have any medical conditions that might
limit their ability to exercise or participate in
certain sports (e.g., an obese women with arthritic
knees may indicate that she has trouble exercising
due to the pain in her knees)? What is the patient’s
general level of risk for a cardiovascular event
associated with physical activity or exercise? Can
any other physical reasons be identified as to why
the patient should not follow an exercise pro-
gram? Is the patient over 35 years of age and
unaccustomed to vigorous exercise? Does the
patient have a permanent condition or injury that
would preclude engaging in certain activities
(e.g., cannot lift more than 20 pounds due to a
degenerative joint disease)? Is evidence of decon-
ditioning present? What is the patient’s energy
level? How is the patient’s sleep/wake cycle? Is
the patient overweight or obese? Understanding
the patient’s current health complaints will assist
the physician in targeting the appropriate levels
and types of physical activity and exercise goals.

Emotional Factors

Emotional factors can present on a continuum
from normal mood fluctuation to clinically signif-
icant levels of distress. The physician should
assess the patient’s overall mood. Is the patient’s
current mood state a change from baseline and
is it an acute or chronic change? Is the patient
suffering from clinically elevated levels of depres-
sion or anxiety? It is important to identify whether
the mood symptoms have preceded any decline
in physical activity, exercise, and or sports par-
ticipation. Intervention efforts would then be
more appropriately aimed initially at understand-
ing and improving the patient’s mood symptoms;
otherwise, attempts to focus solely on an exercise
regimen might fail. Transitory or acute subclinical
changes in mood status should be normalized
and relapse prevention strategies discussed. For
example, if the patient has recently stopped exer-
cising or is exercising less due to increased feeling
of stress, interventions should target ways to
increase the likelihood that the patient will be
successful at a return to the previous activity level.
Have the patient set a goal to resume activity that
day or the following day at the latest. Set an
initial, small, realistic goal depending on the
patient’s health status and previous exercise level
(e.g., walk 20 minutes). Suggest that the patient
set out exercise clothes the night before and
perhaps enlist the aid of a friend.

It is also important to assess the patient’s per-
ceived level of stress.? In one study during weeks
of high perceived stress, women exercised less,
reported less satisfaction with their exercise, and
reported less confidence that they would achieve
future exercise goals. Finally, additional concerns
regarding fear of injury and engaging in exercise
in public should be queried.

Cognitive Factors

Understanding an individual’s mindset will have
an influence on the success of intervention
efforts.” For adults, having a higher self-efficacy
for physical activity, believing in the value of
physical activity, and perceiving fewer barriers
are important predictors of physical activity.® In
a national telephone survey of women over age
40 from a variety of ethnic groups, inactivity was
found to be associated with lower levels of edu-
cation, perceived poor health, and perceived lack
of energy to exercise.?! For children, a consistent
positive relationship between physical activity and
intent to be active and a preference for activity has
been observed, and a consistent positive relation-
ship for perceived activity competence and intent



PROMOTING PHYSICAL ACTIVITY 91

to be active for adolescents has been
observed.?%42 Therefore, assessing patients’ beliefs
regarding the merit of physical activity, their abil-
ity to perform physical activity and/or exercise,
their preference for activity, and their motivation
for physical activity (exercise or sports participa-
tion) is essential.

Behavioral Factors

It is important to assess the patient’s history of
physical activity level, exercise, and sports partic-
ipation. A positive relationship between previous
physical activity and current physical activity,
access to programs and/or facilities, and time
spent outdoors has been observed for children.?
Additionally, a relationship between after-school
time for sports and physical activity has also been
observed.* For adolescents, increased physical
activity is associated with the availability of com-
munity sports, and decreased physical activity is
associated with sedentary activity after school and
on weekends.?® Therefore, a comprehensive
assessment of a patient’s current time demands,
work and/or school schedule, and previous levels
of physical activity, exercise, and sports partici-
pation should be performed. Additional behav-
ioral factors to assess include unhealthy behav-
ioral habits, such as tobacco use, caffeine
dependence or abuse, alcohol dependence or
abuse, and abnormal eating patterns.

Environmental Factors

A person’s social support network can have an
important impact on the patient’s physical activity
level. Patients may have a lack of support from
family or friends, or perhaps their family does not
encourage physical activity, exercise, or sports
participation. A strong and consistent relationship
between children’s physical activity and family
support exists across age and gender subgroups.*?
A lack of resources or access to exercise facilities
and financial limitations are other factors. Also,
unsuitable weather conditions may play a role in
inactivity. For example, the patient may typically
walk outdoors but has stopped during the winter
months due to the cold and snow. Environmental
factors, such as exercising at home vs. in a class,
are also important to consider for older adults.®
Finally, women have cited a lack of others exer-
cising in the neighborhood and a lack of hills in
the neighborhood,*! as well as concerns with
neighborhood safety* as among barriers to exer-
cise. Comprehensive assessment and under-
standing of mitigating, exacerbating, and main-
tenance factors within each domain will aid in

case conceptualization and provide for a more
appropriate treatment plan (Figure 9.2).

PROMOTING PHYSICAL
ACTIVITY, EXERCISE, AND
SPORT BEHAVIOR

Attention to intrapersonal, interpersonal, and
environmental variables through use of the biop-
sychosocial model allows physicians to increase
the fruits of their labors. For example, use of this
model in the treatment of injured athletes has
shown increased adherence to treatment and
improved rehabilitation.> Furthermore, provider-
delivered interventions that have targeted at least
some aspects of the biopsychosocial model (e.g.,
psychological) have already been successful at
changing physical activity and exercise behavior,
such as Project PACE (Physician-Based Assess-
ment and Counseling for Exercise) (Level of Evi-
dence A, randomized controlled triaD).* Project
PACE, which is based on the trans-theoretical
model (also known as the stages of readiness to
change modeD)* and social cognitive theory,
encourages physicians to tailor physical activity
and exercise programs to the patient’s current
stage of readiness for change.® The stages of
readiness to change model has been commonly
used in the study of physical activity and exercise
promotion. The model suggests that individuals
move through a series of stages of readiness for
change which include precontemplation, contem-
plation, preparation, action, and maintenance. For
example, if a patient is in the precontemplative
stage of behavior change, which means that they
have no intention of starting an exercise program
in the next 6 months, the physician would not
want to devote clinic time to designing a program
for this person; rather, the physician would want
to begin talking with the patient about the ben-
efits of exercise. In the contemplation stage, the
patient is not currently engaging in physical activ-
ity but does intend to start. For patients in this
stage of readiness for change, a discussion of
barriers to beginning an exercise program and
assistance with goal setting would be appropriate.
Providers can emphasize benefits and strategies
to increase the success of patients’ initial efforts
(e.g., assist patients with setting realistic, attain-
able goals). A patient in the preparation stage
does participate in some physical activity or exer-
cise but not regularly as defined by the ACSM
guidelines; therefore, reinforcing a patient’s cur-
rent level of activity is important and finding ways
to increase the patient’s level of activity should
be the focus of interventions. Suggesting ways to

PRINCIPLES OF HEALTHY EXERCISE
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Physical: The patient is a 35-year-old single Caucasian female who has been experiencing abdominal pain for
3 years. After multiple tests, she was diagnosed with endometriosis and is currently prescribed Motrin for this
pain condition. Additionally, she has been diagnosed with IBS since the mid 1980s and is currently prescribed
Prilosec. She reportedly has gained 35 Ibs since the onset of the pain condition, appears deconditioned, but has
no other significant medical conditions. She has no cardiac contraindications for starting an exercise regimen. The
patient has reported significant disruptions in sleep due to pain and reports significant daytime fatigue.

Emotional: The patient reported that her mood varies in response to the pain, but is clearly tied to her pain
condition. She stated that when her pain is worse, that she feels no “motivation” to engage in any activities. She
reported experiencing several physiological symptoms consistent with IBS, but ascribes these symptoms to
medication side effects rather than anxiety. The patient’s mood symptoms do not meet criteria for a major mood
disorder.

Cognitive: The patient tends to engage in more alarming vs. reassuring thinking with regard to her pain condition.
She stated that one of her stressors is the thought that she has to live with her pain the rest of her life. However,
she does engage in some reassuring thinking in that she stated she “knows she can deal with the pain.” She

reported that she has been focused on the pain and reducing the pain. Understanding how her cognitions impact
her behavioral response to pain, and refocusing her attention elsewhere will likely assist her in better managing
the pain. The patient reports she does not feel she can increase her activity level because when she does she “hurts.”

Bebavioral: The patient has evidenced a significant decrease in her activity level in response to her pain. She
used to go bowling, go shopping or to other places with her daughter, and exercise consistently 3-4 times per
week with either aerobics and/or strength training. She was also a member of a bowling team. She reported she
used to enjoy exercising. She reported that when she is in pain, she has an emotional response such that she
has no desire to be active or social. She also does not engage in any pleasurable activities or hobbies. The patient
denied current or past use of tobacco, alcohol, or caffeinated substances.

Environmental: The patient’s social support system is limited. She reported that she has no family or friends in
the area with whom she engages in social activities. She used to be on a bowling team which allowed her to
have some social contacts outside of work, but has discontinued her participation on the team in response to
her pain. She is also not currently dating. Her daughter, who is 10 years old, is her only source of support. The
patient stated that she often “feels bad” because her daughter often asks her “Mom are you ever going to get
better?” The patient reported that she and her daughter used to be more active together before she began
experiencing pain, but that has since decreased.

Treatment Recommendations:
The following list of treatment goals was established in collaboration with the patient:
Goal #1: The patient indicated that she would like to increase her activity level to improve her quality of life.

Intervention Strategy: Increase time spent walking.

Tactic: After establishing a baseline of current time spent walking, patient and provider will monitor
graduated increases in activity level. Educate patient on the concept of hurt vs. harm and the process of
reconditioning so that the patient understands that increases in pain with activity do not necessarily indicate
bodily damage.

Outcome Measure: Exercise record.

Goal #2: Reduce overall physical tension levels to assist her in coping more effectively with her pain condition.

Intervention Strategy A: Cognitive Restructuring

Tactic A: Teach and work with patient on the model of thinking to decrease alarming thoughts which may
be exacerbating current physical conditions.

Outcome Measure A: Patient’s ability to recognize alarming vs. reassuring thinking, and evidence an increase
in the latter (measured via self-report log).

Intervention Strategy B: Relaxation Training

Tactic B: Teach and work with patient on behavioral posturing, diaphragmatic breathing, and progressive
muscle relaxation that may assist patient with relaxing. Refer for a biofeedback assessment and utilize
biofeedback-assisted relaxation if applicable.

Outcome Measure B: Patient’s self-report log of relaxation and ability to recognize tension vs. relaxation.

Figure 9.2 Biopsychosocial impressions.
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add variety to the patient’s activities or exercise
regimen might be beneficial. Similar to those in
the preparation stage, patients in the action stage
do engage in physical activity, but they do so on
a more regular basis. The emphasis at this stage
should be on providing patients with praise for
their efforts but specifically focusing on relapse
prevention; therefore, discussions with the patient
regarding inevitable potential barriers (e.g., a
vacation) and developing solutions are necessary.
Additionally, discussions about coping with injury
rehabilitation may be appropriate for individuals
in this stage. The difference between patients in
the action vs. maintenance stage of readiness for
change is time; in the latter stage, patients have
been engaging in regular physical activity, exer-
cise, and/or sport behavior for 6 months or more.
Long et al.* examined a multisite field test of
the acceptability of PACE and found that 100% of
providers rated the program as “valuable” to “very
valuable” and 100 of providers reported feeling
“somewhat” to “very confident” in their ability to
use PACE. In a controlled trial of the PACE pro-
gram focusing on those in the contemplation
stage of readiness for change, Calfas et al.® (1996)
found that a greater percentage of PACE patients
(52%) adopted regular activity than those in the
control group (12%). PACE patients reported more
walking (37 minutes more per week above base-
line) than control patients (7 minutes more per
week above baseline) at a 6-week follow-up. While
these results are indeed promising, as mentioned
earlier, interventions developed solely with respect
to the individual’s stage of readiness for change
(i.e., intrapersonal variables) may not yield as prom-
ising results as an intervention that comprehen-
sively considers the biopsychosocial model.”3!
The most important first step, then, to promot-
ing physical activity, exercise, or sport behavior
is to assess the patient’s current level of activ-
ity.3** Then, through a comprehensive under-
standing of physical, emotional, cognitive, behav-
ioral, and environmental factors, physicians and
patients will be able to target their efforts more
appropriately and effectively. For example, a
common belief among patients with chronic pain
due to degenerative joint disease is that when
they increase their activity level they might some-
how harm themselves. Without addressing or clar-
ifying such cognitive factors, efforts to increase
patients’ activity levels may be unsuccessful. Sim-
ply telling patients that they need to be more
active will be ineffective. When specific physical
activity and exercise recommendations are indi-
cated, the physician should assist the patient with

goal setting (e.g., writing an exercise prescrip-
tion). Finally, physicians should be a role model
for physical activity and exercise.

ISSUES RELEVANT TO
COMPETITIVE SPORTS

More than 360,000 collegiate athletes and almost
6.5 million high school athletes participated in
sports during the 1998-1999 school year.> Partic-
ipating in athletics encourages the development
of leadership skills, self-esteem, muscle develop-
ment, and overall physical health. For children
and adolescents, play and sport can enhance
physical, psychological, and social develop-
ment.! In addition to providing interventions for
increasing physical activity and exercise among
their patients, the primary care physician is also
likely to encounter individuals, both children and
adults, who present with issues relevant to par-
ticipation in competitive sports. Among the most
common issues they will face are performance
issues and sports injuries.

Performance Issues

According to Howe and Ogilvie, “Optimal perfor-
mance comes with a certain level of tension and
mental activation.”? For athletes struggling with
arousal control, educationally based psychologi-
cal interventions have yielded significant
improvements in performance.> For the primary
care physician, this might mean instructing
patients in the use of performance imagery, such
as mental rehearsal of their performance,> or
encouraging an athlete to replace any sabotaging,
negative thoughts (e.g., “I will never make this
shot”) with reassuring, more positive thoughts
(e.g., “I have made this shot before and will try
my best to make it again”). Educating and instruct-
ing patients in these techniques can help them
develop a greater sense of arousal control and,
more importantly, improve performance.

Injured Athlete

An injured athlete may present to the primary
care physician with a concern about the injury
itself but also with concern over the impact of
the injury on present and future performance and
concerns regarding the nature of the rehabilitation
process.” In fact, Thompson et al.>® suggest that
“rehabilitation is 75% psychological and 25%
physical.” Further, successful rehabilitation should
begin with a comprehensive case conceptualiza-
tion using the biopsychosocial model, which then
allows effective identification of target areas for
treatment (Level of Evidence C, expert opinion).»

PRINCIPLES OF HEALTHY EXERCISE
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Effective treatment must then begin with a thor-
ough understanding of the component parts of
the rehabilitation process and a collaborative
agreement on specific goals for treatment.” The
provider may then choose from among several
effective interventions to tailor a rehabilitation
program to meet the athlete’s needs. This might
include the use of imagery and other mental
devices, increasing social support, pain manage-
ment, and/or other cognitive-behavioral tech-
niques such as self-management training.>

Specialty Consultation for
Performance Issues or Injury
Rehabilitation Concerns

It is important that primary care physicians be
vigilant of symptoms that may warrant referral for
more extensive psychological assessment and
treatment.> For example, Brewer et al.>’ reported
that in a sample of orthopedic patients 33% of
injured football players were regarded as
depressed. A psychological referral may be indi-
cated for refractory cases or when patient present
with co-morbid mood symptoms (e.g., anxiety,
depression, grief) that significantly impact per-
sonal, social, and/or occupational functioning.>%>

SUMMARY AND CONCLUSIONS
Given the physical and psychological health ben-
efits of physical activity, exercise, and sport
behavior, it is not surprising that national organi-
zations and public health agencies have focused
on targeting these health behaviors in our popu-
lation. Unfortunately, targeting important public
health issues, such as the low levels of physical
activity and increasing rates of obesity, is not
always done by primary care physicians. Physi-
cians have cited lack of knowledge, limited
resources, and limited time as among the barriers
to addressing these issues effectively.?-?> Through
adoption of the biopsychosocial model, these bar-
riers can be overcome and more effective inter-
ventions can be delivered.
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INTRODUCTION Heat Str ess and Ther mor egulation

The environment in which we compete and rec-
reate poses numerous challenges to the athlete
and outdoorsmen. Awareness of potential dangers
is crucial not only for the participants but also
for the physicians who oversee these activities
and provide care for the competitors. This chapter
focuses on the influences of the environment on
sports and outdoor recreation and the possible
illnesses and injuries faced by those who partic-
ipate in adverse conditions.

HEAT-RELATED ILLNESS

Heat-related illnesses present a danger to all ath-
letes competing in high-temperature and high-
humidity environments. Preseason football,
endurance races, and any hot-weather athletic
events may lead to heat stress ranging in severity
from mild cramping to fatal heat stroke. Heat-
related illnesses are preventable, and their declin-
ing numbers represent an increase in awareness
of environmental risks and knowledge of appro-
priate preventive measures.

The human body produces heat from basal
metabolism ranging from 60 to 70 kcal/hr; without
a mechanism to dissipate heat, body temperature
would rise 1°C/hr.'? Moderate physical activity
increases heat production to approximately 100
to 250 kcal/hr, and with heavy exercise heat
accumulation may reach 300 to 600 kcal/hr.? Fur-
thermore, for each 1°C rise in body temperature,
metabolic demand for oxygen increases between
6 and 13%.%% In addition to heat gain from phys-
ical work, an athlete may accumulate heat from
the environment, either from radiation from the
sun or stored heat on the surface of the Earth.
For all these reasons, an athlete’s ability to dissi-
pate heat is a crucial factor in preventing exces-
sive rise in body temperature.

The body’s mechanisms for heat dissipation
primarily rely on conduction, convection, radia-
tion, and evaporation. Conduction is the heat
exchange between two surfaces in contact and
is the least important for an athlete attempting
to cool down. Convection occurs when heat

* In the second edition, this chapter was authored by James T. Marron and James B. Tucker.
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transfers from the body surface to surrounding
air or fluid. As air surrounding the body is
warmed, heated air molecules move away and
cooler ones replace them.! When a body vasodi-
lates in response to heat, it loses heat by convec-
tion. Radiation, the transferring of body heat to
a cooler environment, may account for 65% of
heat loss provided the air temperature is lower
than body temperature.? Evaporation of sweat
normally accounts for 30% of the cooling of a
body. About 1 kcal of heat is lost for each 1.7
mL of sweat evaporated from the skin.? Put
another way, for every 100 mL of sweat evapo-
rated, a 1°C decrease in core body temperature
occurs. However, when ambient temperature
reaches 95°F, radiant heat loss from the body to
the environment ceases and evaporation becomes
the only way for the body to dissipate heat. The
evaporative mechanism decreases in proportion
to humidity, as the moisture gradient from the
skin to air is decreased under humid conditions.?#
If humidity level exceeds 75%, evaporative heat
loss is less efficient and sweat that drips from the
skin only worsens dehydration but has no cooling
benefit. The combination of high ambient tem-
perature and high humidity blocks the two main
mechanisms the body has to dissipate heat, thus
creating ideal conditions for heat-related illness.

In response to heat stress, the body’s ther-
moregulatory mechanism increases blood flow to
the skin through vasodilation and increases sweat
production. Increased skin blood flow raises skin
temperature, and heat is transferred from the
body core to the skin surface and is lost by
convection, as well as radiation.’® During exer-
cise, sweat production accounts for about 80% of
total heat removed from the body.? The combi-
nation of increased sweating and vasodilation
results in a decline in circulatory volume as well
as a decrease in peripheral vascular resistance.
To maintain blood pressure, cardiac output may
double or quadruple, placing a strenuous load
on the heart.? With only moderate heat exposure,
the increased blood flow to the skin occurs at
the expense of flow to other organs. The athlete’s
body may reach a critical point at which a higher
rate may not be sustainable.?35

Risk Factors for Heat-Related Illness

Predisposing factors for heat-related illness are
listed in Table 10.1.! For the athlete, factors such
as poor physical fitness, lack of adequate accli-
matization, obesity, poor sleep habits, and dehy-
dration increase the likelihood of heat-related ill-
nesses. Taking certain medications (such as
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TABLE 10.1
Risk Factors for Heat-Related Illness

Poor physical fitness

Lack of acclimatization

Obesity

Prolonged exertion

Lack of sleep

Dehydration

Use of heavy equipment or clothing
No air conditioning

Unable to care for self

Alcoholism

Drug use (e.g., anticholinergics, sympathomimetics,
herbal supplements containing ephedra alkaloids)

Lack of shade
History of heat injury

Chronic diseases

Source: Adapted from Khosla, R. and Guntupalli, KK., Crit. Care
Clin., 15, 251-263, 1999.

anticholinergics or sympathomimetics) or herbal
supplements (such as ephedra) may lead to an
increased basal metabolic rate (Level of Evidence
B, systematic reviews).® When athletes consume
ephedra (e.g., ma huang, an herbal supplement
containing ephedra alkaloids), whether as an
appetite suppressant or performance enhancer,
they are at greater risk of suffering heat stroke.
While ephedra may increase the contractile
strength of muscle fiber and allows for quicker
consumption of fat into energy, it also leads to
greater peripheral vasoconstriction; in combina-
tion with caffeine, it increases the thermogenic
effect of exercise by 20% and therefore leads to
a heightened risk for heat stroke (Level of Evi-
dence B, systematic reviews).%’

Elderly people who lack the ability to increase
cardiac output have impaired heat dissipation
mechanisms, as do those taking medication that
hinder perspiration and skin blood flow (e.g.,
anticholinergics). Preexisting heart disease or
dehydration from alcohol or diuretic use can
leave individuals at risk for heat-related illness.
In infants and children, heat dissipation is more
readily overwhelmed due to their greater ratio
of surface area to body mass; therefore, their
absorption of heat is more rapid. In addition,
young individuals may not be capable of remov-
ing themselves from a hot environment, which,
in combination with their relative inability to



sweat compared to adults, results in an elevated
predisposition for heat stress.

Minor Heat-Related Illnesses

Heat cramps represent the mildest form of heat-
related illness and present as severely painful
muscle contractions, usually in the large muscle
groups of the legs.’> Risk factors include poor
conditioning, lack of acclimatization, dehydration,
and an imbalance of sodium and water in the
muscles, a negative balance that occurs when a
large amount of sweat is replaced with hypotonic
fluids.!38 The diagnosis is made from a history
of cramps in muscles, usually quadriceps, ham-
strings, or soleus muscles, but muscle contractions
may occur in abdominal and intercostal muscles,
as well. The cramps typically follow heavy phys-
ical activity and often occur in the evening after
muscle cooling has taken place. Treatment con-
sists of rest, passive stretching, and massage of
affected muscle groups. Oral rehydration with a
0.1 to 0.2% salt solution (1/4 to 1/2 teaspoon table
salt dissolved in one quart of water) is sufficient
for mild cases.® In more severe cases, intravenous
hydration may be required using isotonic fluids
(0.9% NaCl). Adequate hydration with electrolyte
solutions before and during exercise is usually
adequate prevention. Heat cramps may be recur-
rent, and return to play is allowable only after
hydration and electrolyte balances are normal-
ized.?>

Heat syncope occurs with prolonged standing
after vigorous exercise. Vasodilation of peripheral
blood vessels and resultant dependent pooling of
blood in the lower extremities of a standing indi-
vidual are typical precursors to heat syncope.
Reduced venous return and decreased cardiac
output lead to a drop in cerebral blood flow,
causing severe lightheadedness or a transient
fainting episode.> The loss of consciousness is
self-limited and responds to placement in a
recumbent position. Further treatment includes
rest in a cool environment and oral rehydration,
if necessary. Prevention of heat syncope involves
avoiding prolonged standing, increasing venous
return by flexing of leg muscles while standing,
and lying down immediately upon feeling symp-
toms. Typically, core body temperature is normal
and complete recovery is rapid following ade-
quate rest in recumbent position.

Heat exhaustion is the most common heat-
related illness in athletes and is characterized by
profuse sweating, nausea, vomiting, weakness,
fatigue, and lightheadedness. Usually core tem-
perature rises above 100.5°F (38.0°C) but is below
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104.9°F (40.5°C) in heat exhaustion, which is
believed to be a continuum of signs and symp-
toms that lead to heat stroke.>* A major factor
differentiating the two diagnoses is the lack of
profound central nervous system impairment in
heat exhaustion; however, the diagnosis of heat
exhaustion is one of exclusion, and initiation of
treatment for possible heat stroke should not be
delayed if any doubt exists.

Treatment of heat exhaustion includes lying
down in a cool environment, removal of excess
and restrictive clothing, and fluid replacement.
Rehydration can be either oral or intravenous
depending on the patient’s overall condition. If
oral hydration fails to provide improvement, intra-
venous rehydration should be started with either
normal saline or Ringers lactate. Severe nausea
or vomiting, absence of gag reflex, or minor
mental impairment necessitates intravenous
hydration. Most healthy young individuals with
mild heat exhaustion improve after receiving
intravenous fluids in the emergency department
and do not require admission. These patients
should avoid heat stress for 24 to 48 hours and
continue to hydrate themselves even after dis-
charge. The athlete with moderate to severe heat
exhaustion should be monitored for electrolyte
imbalance and should not return to competitive
play until normal body weight is achieved.

Heat Str oke

Under extreme conditions, the amount of heat
generated overwhelms the body’s thermoregula-
tory system and it is no longer capable of ade-
quate heat dissipation. In these instances, core
body temperature may rise to dangerous levels,
and if these temperatures reach critical levels heat
stroke may result. Heat stroke is characterized by
core body temperatures 105°F (40.5°C) or greater
that cause acute mental status changes and pro-
duce multiorgan dysfunction.!® Central nervous
system alterations range from minor mental status
alterations to delirium, seizures, and coma.> Tak-
ing a rectal temperature as soon as possible typ-
ically gives the most reliable and accurate maxi-
mum temperature and is crucial in evaluating any
sick athlete.”

Heat stroke is a medical emergency, and
anhidrosis is not mandatory to make the diagno-
sis. In a study of military recruits, half of the
patients with heat stroke maintained their ability
to sweat.?® Hot, dry skin may be a late manifes-
tation as a result of profound dehydration or
necrotic plugging of sweat glands.? The diagnosis
of heat stroke should always be considered in
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TABLE 10.2

Exertional vs. Classic Heat Stroke

THE ATHLETE AND THE OUTDOORS

Exertional

Classic

Usually men (15-45 years)

Previously healthy

Strenuous exercise

No medications

Sweating often present

Lactic acidosis common

Severe rhabdomyolysis

Severe hyperuricemia

Acute renal failure (ARF) in 25-30%
Marked disseminated intravascular coagulation (DIC)
Creatine kinase (CK) markedly elevated

Excessive endogenous heat production

Elderly age group
Chronically ill
Sedentary

Several medications
Sweating absent
Lactic acidosis absent
Rare rhabdomyolysis
Mild hyperuricemia
ARF in 5%

Mild DIC

CK mildly elevated

Poor dissipation of environmental heat

Source: Adapted from Moran, D.S. and Gaffin, S.L., in Wilderness Medicine, Auerbach, P.S., Ed., Mosby, St. Louis, MO, 2001, pp. 290-316.

any patient exposed to heat stress with altered
mental status.! The athlete who becomes irritable,
aggressive, apathetic, or disoriented is showing
warning signs for heat stroke. Almost all patients
manifest signs of tachypnea, hypotension, and
sinus tachycardia. Because the cerebellum is most
sensitive to heat, ataxia may be an early sign.?®
Rapid diagnosis and treatment are crucial, as the
more severe and prolonged the episode, the
worse the predicted outcome, especially if cool-
ing measures are delayed (Level of Evidence B,
systematic reviews).*>8

Heat stroke is typically divided into two cate-
gories: classic and exertional. For the purpose of
this text, the focus is primarily on the exertional
type. The differences between the two are high-
lighted in Table 10.2.% Classic heat stroke occurs
during maximal environmental heat stress and
usually involves the elderly, poor, or indigent
population. Onset of classic heat stroke is slow
and is most commonly seen in urban settings
during summer months. As would be expected,
exertional heat stroke patients are a younger and
healthier population engaging in vigorous exer-
cise and the onset is relatively sudden.’*3

For all patients with elevated core body tem-
peratures, an accurate diagnosis of underlying
cause is of utmost importance. Although clinical
suspicion is usually sufficient to diagnose heat
stroke secondary to strenuous physical activity,
an awareness of the differential diagnosis may help
rule out clinical states that also cause elevated core

TABLE 10.3

Differential Diagnosis for Heat Stroke

Increased exogenous heat load
High temperature

Sun exposure

Increased heat production

Overexertion

Infection (sepsis, meningitis)

Metabolic (thyroid storm, pheochromocytoma)

Drugs (sympathomimetics, antidepressants)

Decreased heat dissipation
Disorder of skin or sweat glands

Central nervous system disorders
(subarachnoid hemorrhage, CNS trauma)

Drugs (anticholinergics, psychotropic agents)

Source: Adapted from Iseke, R.]., in Textbook of Primary Care Med-
icine, Noble, J., Ed., Mosby, St. Louis, MO, 1996, 63-66.

temperature. A complete differential diagnosis
divides hyperpyrexia into three categories: heat
gain from the environment, increased heat pro-
duction, and decreased heat dissipation.>® Classic
heat stroke from environmental factors is usually
easily diagnosed by history. The remaining two
mechanisms are highlighted in Table 10.3, which
illustrates alternate etiologies for elevated core
temperature and resultant heat stroke.



Management of Heat Stroke

Cooling of the heat stroke patient must be initi-
ated as soon as the diagnosis is made. Morbidity
and mortality are directly related to the duration
and severity of hyperthermia. The athlete should
be placed in a cool, shady area and all clothing
should be removed. An ambulance should be
called and basic life support (BLS) protocols
should be followed, as necessary. If indicated and
readily available, intubation, oxygen administra-
tion, and intravenous placement should be per-
formed.

For rapid temperature reduction in the field,
spraying of any available liquids on the athlete’s
skin will promote evaporative cooling. Any means
of increasing the air flow around the patient is
beneficial and potentiates the evaporative pro-
cess. Evaporative cooling is the most available
method in the field, and it is critical to keep the
patient’s skin wet. This cooling method does not
interfere with resuscitation methods, and vaso-
constriction and shivering are kept to a minimum.
Evaporative cooling, however, has limited benefit
in high humidity.” Wrapping the athlete in wet
towels or sheets also may have cooling benefit;
however, they must be changed frequently, as
they warm and their cooling properties decline.
While awaiting transport, nothing should be given
orally, and anti-pyretics should be avoided. There
is no role for aspirin or acetaminophen in heat
stroke, and aspirin is contraindicated due to its
effects on platelets and coagulation.?

Other methods of cooling in the field include
placement of ice bags, chemical ice packs, or cold
compresses in areas where large blood vessels
come near the surface of the skin such as the
neck, axilla, groin, and scalp. This technique has
documented cooling rates of 0.1°C/min and
avoids the deleterious effects of shivering and
vasoconstriction.? Cool water immersion is quite
effective; however, an immersion tub may not be
readily available in the field, making this tech-
nique less practical.?

Once in an ambulance or in an emergency
department setting, continuous core temperatures
should be monitored using a rectal, bladder, or
esophageal probe. The appropriate laboratory
studies for a heat stroke victim are detailed in
Table 10.45 The optimal cooling method once
the patient is in the emergency department
remains controversial. Some centers will continue
with more aggressive evaporative cooling, while
others switch to immersion cooling techniques.
Immersion in an ice water bath has documented
cooling rates of 0.1 to 0.25°C/min and has been
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TABLE 10.4
Laboratory Studies for Heat Stroke

CBC CK, CKMB, troponin

Electrolytes Lactate

BUN, creatinine Fibrinogen and D-dimer

Platelets ABG
PT, PTT Urinalysis
Liver function tests EKG

Source: Adapted from Barrow, M.W. and Clark, K.A.,
Am. Family Physician, 58, 749-750, 1998.

shown to lower body temperature to 102°F (39°C)
in 10 to 40 minutes.?® Although ice baths may
help increase blood pressure by hypothermic vas-
oconstriction, they have the disadvantage of
retarding heat loss by diminished peripheral cir-
culation and generation of body heat through
shivering.! Furthermore, ice water immersion
makes monitoring body temperature with a rectal
probe, protection of airway, and resuscitation
efforts extremely difficult; also, defibrillation may
be delayed until the patient is removed from the
water. Whether by using aggressive evaporative
techniques or immersion cooling, the target body
temperature is 101 to 102°F (38 to 39°C). At these
body temperatures, cooling should be stopped to
prevent hypothermia.

During the management process, administra-
tion of intravenous fluids consisting of D5 1/2
normal saline or normal saline should be guided
by urine output, blood pressure, and laboratory
values.?? In the field, the athlete with heat stroke
is not always volume depleted; in fact, a small
number of symptomatic athletes presenting for
care are overhydrated. A healthy competitor who
sweats 1 L/hr and who is active for roughly 1
hour is not likely to be profoundly dehydrated,
therefore, use of intravenous fluids in the field
should be relegated to athletes who are uncon-
scious or hypotensive.?

Heat stroke is a life-threatening emergency,
and mortality rates in the general population
range from 30 to 80%.%% Survival rates in the
athletic setting have greatly increased from 90 to
100% due to the improved rapid medical response
in the field, early initial management, and aggres-
sive cooling techniques.” Unfavorable prognostic
indicators include a delay in cooling, core tem-
perature greater than 105.8°F (41°C), and loss of
consciousness over 2 hours. An elevated aspartate
aminotransferase (AST) over 1000 U/L in the first
24 hours and acute renal failure are also corre-
lated with a more unfavorable outcome.*®
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Relative humidity (%)

Temperature (F)

Figure 10.1  Heat stress danger chart. Zone 1,
low-risk conditions; zone 2, moderate-risk condi-
tions; zone 3, high-risk conditions. (Adapted from
Barrow, M.W. and Clark, K.A., Am. Family Phy-
sician, 58, 749-756, 1998.)

Prevention of Heat Stroke

A key adjunct to proper treatment of heat stroke
is vigilant anticipatory guidance and preventive
measures. The American College of Sports Medicine
has written guidelines of their recommendations
stating specific precautions for outdoor athletic
events. These include number of water stations,
organization of medical facility, adequacy of med-
ical equipment, and heat index guidelines. The
heat index takes into account current conditions
and helps athletic event staff determine the safety
of holding a particular competition.

The number of participants in athletic activities
has increased, as has the intensity and duration
of events. Proper steps for prevention of heat-
related illness can be divided into three catego-
ries: environmental awareness, acclimatization of
athletes, and adequate hydration. Of course, ath-
letes with predisposing conditions should be
identified to avoid potential heat-related prob-
lems.

Most heat-related illnesses are directly related
to the environmental conditions in which the
athlete has been competing. Organizers of sport-
ing events and the medical personnel should be
aware of possible hazards. A knowledge of heat
stress danger charts (Figure 10.1) is extremely
useful in determining whether an event should
take place.” These charts are based on ambient
temperature and relative humidity. The wet-bulb-
globe temperature (WBGT) uses a formula to
create an index (Table 10.5) that guides event
physicians.! The WBGT is based on several mea-
surements such as ambient temperature, humid-
ity, and radiant heat load. WBGT measurement
requires a sling psychrometer or heat index ther-
mometer. Both heat stress danger charts and the
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TABLE 10.5
Wet-Bulb-Globe Temperature (WBGT)
Risk of Heat Illness

2 and

Range Range
°F) (O Risk Level
<64 <18 Low
64<T=<73 18 < T < 23 Moderate
73 < T < 82 23 <T =28 High
>82 >28 Hazardous

4 WBGT = 0.7 (wet bulb) + 0.2 (globe temperature) + 0.1 (dry bulb).
Source: Adapted from Sparling, P.B., Clin. J. Sports Med., 5:220-222,
1995.

WBGT index offer objective measurements for
event staff on which to base decisions. Coaches
should adjust practice schedules during hot,
humid weather in order to avoid the most intense
heat at midday. Early season football games
should be held at night and equipment should
be breathable, lightweight, and light in color.
Sports physicians have no control over the
weather; however, if adjustments in exercise dura-
tion and intensity are insufficient, they should be
prepared to cancel an athletic event if the condi-
tions are deemed too dangerous.

As the athlete exercises in high temperatures
and humidity, the body adapts to heat stress and
has an increased tolerance for work under these
conditions, a process called acclimatization.’* The
body becomes more efficient under heat stress
and generates less internal heat.»® Proper accli-
matization takes between 7 days and several
weeks with steady increases in duration and
intensity of exercise. Repeated daily exercise of
lengthening duration should occur during the hot-
test part of the day. Initial workouts should last
only 30 minutes with gradual increases to 2 hours.
Care should be taken to replace wet clothing and
provide adequate hydration. Done properly, accli-
matization results in an improved level of physical
conditioning and lowers resting body tempera-
ture, lessens the increase in heart rate and respi-
ratory rate, and causes the body to sweat earlier
during exercise.’®

Proper hydration is another key to preventing
heat-related illnesses. The thirst mechanism is a
late indicator of dehydration; therefore, fluids
must be consumed before the urge arises. Fre-
quent rest periods for rehydration should occur
roughly every half hour; an approximate guide-
line for replacement is 10 oz every 30 minutes of
strenuous exercise in extreme heat (Level of Evi-
dence C, consensus/expert opinion).> Pre- and
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post-exercise weights can also guide rehydration
efforts, with about 16 oz of fluid replacement
being required for every pound of weight lost.*
Prehydration can provide a “fluid cushion” and
delays the onset of dehydration. The goal for the
athlete is to avoid experiencing thirst and to void
light-yellow urine four times a day. Water is still
the best means of hydration, but flavored sports
drinks are acceptable if their glucose concentra-
tion does not exceed 5 to 8%.3 It is recommended
to dilute all flavored drinks 1:1 with water. Any
drink with 10% glucose or more may cause stom-
ach cramps or diarrhea during athletic activity.

Exertional heat stroke is a preventable medical
emergency. Athletes should refrain from training
during extreme heat, but if training is unavoidable
then frequent periods of rest and hydration
should be scheduled. Coaches, participants, and
supervising physicians must communicate regard-
ing potential dangers, and all involved must
understand the impact of environmental factors,
acclimatization, and hydration.

HYPOTHERMIA AND
COLD INJURY

All outdoor enthusiasts at one time or another
are faced with extreme cold, leaving them at risk
for hypothermia and/or cold injury. Cold-induced
injuries occur in a wide array of outdoor activities
and may endanger the most active athlete as well
as the stationary sports fan or hunter. Nearly all
cold-induced injuries result from the inability to
protect oneself from the environment. These inju-
ries may be systemic (hypothermia) or local (frost-
bite), depending on the outdoor temperature and
the body’s exposure time, and the extent of injury
is directly proportional to the degree of cold
encountered.!!

Hypother mia

Hypothermia is defined as an abnormally low
core body temperature due to exposure to a cold
environment. When heat loss exceeds heat pro-
duction, hypothermia occurs in which body core
temperature falls below 95°F (35°C)."? The body’s
thermoregulatory response to extreme cold is to
increase heat production through shivering, while
core temperature is maintained by a decrease in
peripheral blood flow.’? Heat loss is influenced
by both wind chill and the presence of wet skin
or clothing. Wind chill may increase heat loss
through both convection and evaporation, while
moisture on either the skin or clothing may increase
conduction of heat away from the skin, leading to
more severe hypothermia. Water conducts heat 23
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to 30 times faster than air, which explains the
potentially dangerous hypothermic states caused
by profound heat loss when bodies are partially
or completely submerged in water.!*1>

Although most cases of hypothermia occur
during the winter, a large number of cases are
seen during the summer and in relatively warm
climates. Conditions that may lead to hypothermia
are prolonged exposure to cold air, exposure to
moderately cold and wet conditions in combina-
tion with exercise exhaustion, immersion in cold
water, and drugs.!® Alcohol and barbiturates, both
of which alter the body’s ability to regulate tem-
perature and deteriorate mental status, lead to
poor decisions and dangerous behavior. Activities
that carry the highest risk for hypothermia are
mountain climbing, hiking, skiing, hunting, and
snowmobiling, but scuba diving, swimming, sail-
ing, and fishing are also risky activities.

The hypothermic patient may present in many
ways based on the degree of exposure; however,
only three categories are used to describe hypo-
thermia: mild, moderate, and severe.!? Core tem-
perature between 90°F (32°C) and 95°F (35°C) is
considered mild hypothermia, while temperatures
below 90°F but above 82°F (28°C) indicate mod-
erate hypothermia. Severe hypothermia is marked
by any core temperatures below 82°F (28°C).

The diagnosis of hypothermia is established
when decreased core temperature is found, and
an exact core reading is crucial to determine both
the severity of hypothermia and appropriate treat-
ment of the patient.’® Core temperature is often
inaccurately measured using traditional thermom-
eters. The most precise measurements are taken
with rectal or esophageal probes.

Depending on core temperature, hypothermia
has a continuum of signs and symptoms as out-
lined in Table 10.6."> In mild hypothermia, the
patient is cool and pale, and the peripheral vas-
culature is maximally constricted. Shivering
reaches its maximal level and may be uncontrol-
lable. A constellation of disorientation, impaired
judgment, and dysarthria occurs in conjunction
with an ataxic gait and an inability to perform
fine coordinated movements with the hands.!?
Even at these levels of neurologic and muscu-
loskeletal depression, the patient is tachypneic
and tachycardic and has a resultant increased car-
diac output and renal perfusion (cold diuresis).'*17

Symptoms of moderate hypothermia include
more severely impaired judgment, dilated pupils,
muscle rigidity, and hyporeflexia. Blood pressure,
heart rate, and respiratory rate begin to decrease,
and the shivering reflex ceases altogether. At 82°F,
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TABLE 10.6
Signs and Symptoms of Hypothermia
Severity of Temperature Body
Hypothermia Range Temperature Characteristics
Mild 95°F (35°C) to 90°F (32.2°C) 95°F (35°C) Maximum shivering
93°F (34°C) Dysarthria, poor judgment
91.5°F (33°C) Ataxia, apathy
Moderate 90°F (32.2°C) to 82.4°F (28°C)  88°F (31°C) Shivering stops, stupor
80°F (30°C) Cardiac dysrhythmias, dilated pupils,
paradoxical undressing
82.4°F (28°C) Ventricular fibrillation likely, 50% decrease
in heart rate
Severe <82.4°F (28°C) 80°F (26.7°C) Voluntary motion ceases, pupils unreactive

77°F (25°C)
06°F (19°C)
64°F (18°C)
60.8°F (16°C)

59.2°F (15.2°C)

48.2°F (9.0°C)

to light

Risk of cardiac arrest

Flat electroencephalogram

Asystole

Lowest temperature for adult accidental
survivor

Lowest temperature for infant accidental

survivor

Lowest temperature for therapeutic
hypothermia survivor

Source: Adapted from Danzl, D.F. and Pozos, R.S., N. Engl. J. Med., 331, 1756-1760, 1994, and Weiss, E.A., in
Proc. of the Sixteenth Annual National Conference on Wilderness Medicine, Big Sky Resort, MT, July 31-August

4, 2002, pp. 243-247.

the heart becomes irritable and prone to devel-
oping arrhythmias, such as atrial and ventricular
fibrillation.'® In about 80% of hypothermic patients,
an electrocardiogram may show a distinctive
J-point elevation (a J wave or Osborn wave)."
Because the patient’s ability to generate heat is
absent, if warming is not initiated the patient
quickly cools to ambient temperature and dies.

In severe hypothermia, blood pressure is
almost imperceptible due to the progressive
decrease in heart rate and respiratory rate. The
patient’s muscles are areflexic, and if the cardiac
rhythm is not asystole it is likely atrial fibrillation.
Ventricular fibrillation may be induced -easily,
even by minimal movement of the patient.'®

The practitioner in the field should estimate
the severity of hypothermia by gauging level of
consciousness and the presence of shivering. As
a general guideline, in the absence of shivering
or if level of consciousness is severely impaired,
the patient’s core temperature is likely below 90°F
and therefore falls in the category of moderate
hypothermia.

Basic life support should be instituted when
necessary, but the use of endotracheal intubation
or cardiopulmonary resuscitation (CPR) must be
done cautiously. CPR is only indicated in patients
with a nonperfusing cardiac rhythm. Because
pulses are often difficult to palpate due to severe
peripheral vasoconstriction and, moreover,
because CPR may cause lethal cardiac arrhyth-
mias, attempts to feel a pulse should last a full
minute in order to avoid inappropriate chest com-
pressions.!L8 If core temperatures are below 86°F
(30°C), advanced life support (ALS) protocols are
mostly ineffective. Attempts at defibrillation
should occur only after core temperature is raised
above 86°F (Level of Evidence C, consen-
sus/expert opinion).!”

In all cases of hypothermia, therapy focuses
on the most efficient rewarming strategies. When
considering rewarming, a decision is made
whether to use passive or active techniques. In
patients who are otherwise healthy and suffer
from only mild hypothermia, passive rewarming
is usually sufficient (Level of Evidence C, consen-
sus/expert opinion).!? Passive rewarming involves
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moving the patient to a warm environment and
replacing wet clothes with dry insulated gar-
ments.'® Insulating patients in a dry environment
prevents further heat loss and should be considered
in all hypothermic patients, regardless of severity.

Active rewarming is appropriate if the patient’s
core temperature is below 90°F (32°C), if signs
of shock are present, or if passive rewarming
techniques failed or were inadequate. Active
rewarming is divided into two categories: active
external rewarming and active core rewarming.
Active external rewarming methods include the
use of exogenous heat sources, such as hot packs,
electric blankets, or heat lamps, or immersion in
warm water. Care should be taken when using
these methods to look for a phenomenon known
as afterdrop. Afterdrop occurs after active
rewarming when peripheral vasoconstriction is
reversed and cold blood returns to the core from
the previously cold extremities.!'? Also, rewarm-
ing shock may occur with the resultant venous
pooling from peripheral vasodilation.

Active core rewarming uses the direct delivery
of heat internally, and the most common of these
techniques involves usage of warmed intravenous
fluids to 104°F (40°C). Heated oxygen or humid-
ified air may also be administered. All patients
should receive warmed oxygen and intravenous
fluids. Normal saline warmed to 104°F will not
only aid in rewarming but will also help prevent
hypotension from rewarming shock in those more
severely hypothermic.!!

Peritoneal dialysis and hemodialysis using
heated crystalloid are examples of more invasive
techniques for active core rewarming. The gold
standard for active core techniques remains extra-
corporeal blood rewarming. Using arterial and
venous catheters, this cardiopulmonary bypass is
three to four times faster at rewarming hypother-
mic patients than any other methods (9 to
10°C/hour) (Level of Evidence B, clinical cohort
study).!218

Due to decreased metabolic requirements,
severe bradycardia in the profoundly hypothermic
patient may be sufficient for systemic perfusion.
Efforts to revive the hypothermic patient should
be initiated despite the absence of vital signs.
Establishing the presence of a pulse by palpation
of the carotid artery should last for one full
minute. Because severe hypothermia mimics
death, only after a patient has been rewarmed to
95°F (35°C) or greater without return of vital signs
should consideration be given to termination of
resuscitation efforts (Level of Evidence C, consen-
sus/expert opinion)."
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Cold Injury

Cold injuries are divided into two categories: non-
freezing injuries and freezing injuries (or frost-
bite). Both are potentially dangerous outcomes in
most outdoor sports, especially those taking place
in a cold environment. Joggers are most often
affected by frostbite injury, but Alpine and Nordic
skiing, mountaineering, and most other winter
sports leave the participants at risk.

Nonfreezing injuries include chilblain, trench
foot, and immersion foot. Chilblain occurs in indi-
viduals at higher risk due to predisposing vascular
conditions, such as Raynaud’s disease. In these
susceptible individuals, chilblain is a peripheral
vasoconstriction to cold exposure that is pro-
longed past the body’s normal response, some-
times even beyond the actual cold exposure.’
Tissue ischemia and edema occur most often in
distal extremities, as well as in regions exposed
to the cold. Treatment is usually supportive, so
prevention is key.

Trench foot and immersion foot result in tissue
injuries when moist and cold feet undergo pro-
longed exposure (days or weeks) to temperatures
between 32°F and 50°F (0 to 10°C)."3 Trench foot
occurs after wearing cold and wet footwear, while
immersion foot describes injury to feet actually
immersed in cold water. The initial stage of heal-
ing is prehyperemic, where feet are swollen and
discolored and pulses and sensation are
decreased. Next, hyperemia occurs where pulses
return to normal or are exaggerated and the feet
are hot, blistered, and painful. The last stage is
that of recovery, where tissue and pulses return
to normal.' Warming the injured feet and exposing
them to air will usually resolve symptoms; however,
cold sensitivity may persist. Prevention is most
important and management is purely supportive.

Frostbite is an ischemic injury occurring after
the actual freezing of tissue. Pathophysiology
involves both ice crystal formation and vascular
stasis. When enough heat is lost in an extremity
or exposed anatomy, ice crystals form that not
only disrupt the cell walls but also may change
cellular osmolarity. When crystals form in extra-
cellular fluid, osmolarity is increased accompa-
nied by a resultant shift in fluid drawing water
out of cells, raising intracellular concentrations to
toxic levels. Vascular stasis also occurs with frost-
bite after vasoconstriction and increased blood
viscosity cause a decrease in blood supply to
tissue.

Frostbite occurs when temperatures are below
32°F (0°C) and usually involves the distal extrem-
ities and areas of facial exposure. Risk factors for
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frostbite include low temperatures, prolonged
exposure, wind chill, and high altitude.!'” Frost-
bite has been described by degree of severity
(i.e., first, second, third); however, a more clini-
cally useful and simpler classification system cat-
egorizes frostbite as frostnip, superficial, or
deep.’ It should be noted that the severity of
frostbite symptoms is directly related to underly-
ing damage, and it is often difficult to determine
severity until after thawing.

Frostnip is the earliest stage of freezing injury,
and symptoms consist of cold sensation, pain,
and numbness in the affected region. Typically,
total loss of sensation does not occur. With
rewarming in the field, the affected tissue returns
to normal with care taken to prevent further
injury.!?

In superficial frostbite, the tissue freezing
remains localized to skin and subcutaneous tis-
sue. While the affected area is frozen, no pain or
sensation is felt and the skin appears waxy with
no capillary refilling. Pain begins on rewarming
and progressively increases. As the area thaws,
the skin is mottled and hyperemic, and the tissue
becomes edematous, often with raised blisters.
Blisters are often replaced with areas of eschar
that appear similar to gangrene; however, tissue
loss is rare in superficial frostbite.!-2

Deep frostbite is marked by freezing below
the subcutaneous tissue layer. Before thawing, no
pain is felt and typically sensation does not return,
even after rewarming. With thawing, the skin
remains at room temperature with no edema or
blister formation, and the color is grayish and
cyanotic appearing.'>29

Treatment of frostbite involves rapid rewarm-
ing of the affected extremities and should only
occur after other medical emergencies, such as
hypothermia, have been addressed. Once thaw-
ing begins, refreezing must be prevented because
the resultant morbidity is more severe than
extended freezing (Level of Evidence C, consen-
sus/expert opinion).'132 In the field, padding
and splinting of the extremity should occur, being
careful not to rupture blisters. Once in an emer-
gency department or more controlled environ-
ment, rapid rewarming should begin in a whirl-
pool bath or equivalent with water temperatures
in the 100° to 110°F (38° to 43°C) range (Level
of Evidence C, consensus/expert opinion)."” The
thawing tissue should be treated gently, and,
while initial conditions may be nonsterile, post-
thaw handling should use sterile techniques.
Thawing should take around 30 minutes for
superficial freezing and up to 60 minutes with
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deeper involvement.”® Intravenous hydration is
crucial before and during the thawing process,
and intense pain is expected and should be ade-
quately addressed.
Prevention of Hypother mia and

Cold Injury

The keys to prevention of cold-induced injury are
weather anticipation and awareness, thorough
trip planning, and usage of proper clothing.’ Heat
production should be maximized through exer-
cise and good nutrition, and heat loss should be
minimized by wearing layers of loose-fitting insu-
lation. Layering allows for adding or subtracting
insulation as conditions change. Overheating and
resultant perspiration may lead to dehydration
and wetting of insulation; therefore, removal of
layers prior to perspiration is recommended. Cot-
ton clothing should be avoided due to its long
drying time and loss of insulating properties when
wet. More quality insulating materials include
wool and polypropylene, both of which remain
effective even when wet. Breathable foul weather
gear, such as Gore-Tex™, allows vapor from per-
spiration to escape, thus reducing the risk of
wetting deeper insulating layers. Depending on
the severity of cold and length of exposure, toes
and hands should be adequately protected, and
ski hats should be used to protect the ears and
minimize heat loss from the head. Under no
circumstances should gloves be worn instead of
mittens when temperatures are extreme; when
insulating measures prove insufficient, external
heat sources should be introduced, such as
pocket warmers, warm liquids, or fire. Most
importantly, when severe cold conditions present
risks to athletes or outdoor enthusiasts, physicians
or trip planners may prudently choose to post-
pone or cancel events. Therefore, the sports med-
icine or wilderness physician should be aware of
each organization’s cold weather safety regula-
tions.

HIGH-ALTITUDE ILLNESS
High-altitude illness is a common form of mor-
bidity and sometimes mortality for travelers to
elevations above 8000 feet (2440 m).?! The main
altitude illnesses are acute mountain sickness
(AMS), high-altitude cerebral edema (HACE), and
high-altitude pulmonary edema (HAPE). AMS and
HACE represent the neurologic pathology of alti-
tude while HAPE refers to the pulmonary abnor-
malities.



Acute Mountain Sickness and

High Altitude Cer ebral Edema

The incidence of acute mountain sickness is vari-
able depending on the altitude reached and rate
of ascent to that altitude.?? For those visiting lower
altitude Colorado ski resorts, the incidence is only
about 15%, while among those flying directly to
14,000 feet (4367 m) the incidence of AMS reaches
70 to 100%.%12 AMS is the most common of the
altitude-related illnesses and is typically a constel-
lation of symptoms including headache, nausea,
anorexia, dyspnea, insomnia, and lassitude asso-
ciated with hypobaric hypoxia at high eleva-
tions.?>?* High-altitude cerebral edema is defined
as the progression of more severe neurologic
symptoms such as ataxia and changes in con-
sciousness in a person with AMS; therefore, HACE
appears to be a more severe form of AMS. The
incidence of HACE is 2 to 3% in hikers at 18,000
feet (5,500 m).? Specific clinical manifestations of
HACE are severe headache, confusion, stupor,
and coma. Although it is most frequently associ-
ated with very high elevations, HACE may occur
at any altitude greater than 8200 feet (2500 m).*!
Progression from mild AMS to coma may occur
within 12 hours.

The most critical factor in developing AMS is
the sleeping altitude. AMS rarely occurs in those
sleeping below 8000 feet (2440 m); between 8000
and 9000 feet (2700 m), the incidence is only 10
to 15%.2%%* A dramatic increase in the incidence
of illness occurs with sleeping above 9000 feet
(2700 m), with greater than 20% affected.*

Susceptibility to AMS and HACE does not
appear to be related to physical fitness or gender.
Low vital capacity, low hypoxic ventilatory
response (HVR), and severe pulmonary hyperten-
sion in response to hypoxia are three key con-
tributing factors to AMS.?> The most important risk
factor and best predictor appears to be a previous
history of altitude-related illness.?>?4%5 Other risk
factors include having a primary residence below
3000 feet (900 m) and past medical history of
cardiopulmonary disease.?

A high index of suspicion for AMS is necessary
for any person at altitude with malaise and neu-
rologic symptoms. The setting is typically an
unacclimatized hiker with a rapid ascent to alti-
tude. Early symptoms of AMS have been
described as feeling exactly like a hangover, and
often physical finding during the early stages are
absent. When progressing from AMS to HACE,
the finding are those of cerebral edema, with
ataxia, change in mental status, and cyanosis
being the most useful indicators of serious illness.
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Early diagnosis is key for successful management,
and the differential diagnosis for AMS should
include dehydration, exhaustion, carbon monox-
ide poisoning, hangover, viral syndromes, tran-
sient ischemic attack (TTA), meningitis, hypother-
mia, drug intoxication, and psychiatric problems.

The pathophysiology of advanced stages of
AMS and HACE has been linked to brain swelling.
Factors contributing to brain swelling include the
rate of onset of atmospheric hypoxemia,
hypoventilation due to low hypoxic ventilatory
response (HVR), and impaired gas exchange in
the lungs from interstitial edema.?>?* The exact
mechanism leading to brain swelling is not well
understood; however, an individual’s intracranial
dynamics does appear to have an effect. Those
with a higher ratio of intracranial cerebrospinal
fluid (CSF) to brain volume seem to have an
improved ability to compensate for brain swelling
through increased ability to displace CSF. By hav-
ing more intracranial space to cope with cerebral
edema, these persons experienced fewer symp-
toms of AMS.?1%

The treatment of AMS and HACE is centered
on reversing the offending causes and reducing
brain swelling. The first step is always increasing
oxygenation and/or reducing hypoxia. Usually,
descent of as little as 1600 feet (500 m) is suffi-
cient, but descent should be as far as necessary
to obtain results (Level of Evidence C, consen-
sus/expert opinion).?! If oxygen is available, it
should be used and has been shown to be espe-
cially effective in reducing headaches (Level of
Evidence C, consensus/expert opinion).?? In
extreme cases, hyperbaric therapy in conjunction
with oxygen is required. If patients are unaccli-
matized to high altitude, this process can be expe-
dited pharmacologically through the use of ace-
tazolamide 125 to 250 mg every 12 hours. In
children, 5 mg/kg/day in two divided doses will
work. Acetazolamide has been found to decrease
CSF formation, promote diuresis, and stimulate
ventilation (Level of Evidence B, clinical cohort
study).?? Symptomatic therapy is helpful for
headaches and nausea. Analgesics such as ibu-
profen or acetaminophen and antiemetics in the
form of prochlorperazine are often used. Climbing
to higher altitude after the onset of symptoms is
contraindicated. After descent and adequate treat-
ment, the patient may try to ascend once more
using staged acclimatization.

In cases of HACE, it is necessary to reduce
both brain edema and brain capillary leak by
using renal diuretics (e.g., furosemide), osmotic
diuretics (e.g., mannitol), or dexamethasone. Four
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milligrams of dexamethasone by mouth (PO),
intramuscular (IM), or intravenous (IV) every 6
hours has been shown to be as effective as or
superior to acetazolamide; however, dexametha-
sone does not improve acclimatization and may
need to be repeated until patient is evacuated to
lower altitude due to the risk of symptom
rebound upon termination (Level of Evidence A,
randomized controlled trial).?!2*

High-Altitude Pulmonary Edema
High-altitude pulmonary edema is the most fre-
quent cause of death at high elevation. Fortu-
nately, it is easily treated, but prompt diagnosis
is key. AMS and HACE may precede HAPE, or
HAPE may occur on its own, but often the symp-
toms overlap. HAPE occurs in about 1 to 2% of
individuals at elevations exceeding 12,000 feet
(3660 m) but has been described in rare instances
at 8000 feet (2440 m). It is most commonly
experienced on the second night of sleeping at
altitude and is linked to rate of ascent, degree of
physical exertion, cold temperatures, and use of
sleeping medications.?>%

Dry cough, dyspnea on exertion, and
increased exercise recovery time are all early
symptoms of HAPE. As the disease progresses,
symptoms change to dyspnea at rest and a pro-
ductive cough. The physician may note bilateral
rales, pink-tinged frothy sputum, tachycardia, and
tachypnea; however, these tend to be late find-
ings.?°

The pathophysiology of HAPE is non-cardio-
genic as hemodynamic monitoring shows normal
wedge pressures and echocardiogram indicates
normal left ventricular function. The key appears
to be high pulmonary artery pressure (PAP) sec-
ondary to elevated microvascular pressures in the
lungs from uneven pulmonary arteriolar constric-
tion.?t?2 This response is referred to as the
hypoxic pulmonary vasoconstrictor response
(HPVR) and at high altitude may lead to failure
of the capillary membrane, causing interstitial
edema.

To best manage HAPE, the patient should rest
and be kept warm because both exercise and
cold cause an increase in PAP. Oxygen is critical
in these circumstances and administration of 4
to 6 liters may be required in severe cases of
HAPE.??> If oxygen and medical personnel are
unavailable, immediate evacuation to a lower
altitude is indicated with minimal exertion by the
affected individual. Oral nifedipine (10 mg taken
every 4 hours or 30 mg slow release every 12 to
24 hours) has been shown to reduce PAP by 30

THE ATHLETE AND THE OUTDOORS

to 50% and has become the drug of choice if
oxygen administration or immediate descent is
not possible (Level of Evidence B, nonrandom-
ized clinical trial).?»** Once evacuated, hospital-
ization may be warranted in severe cases, and
rapid recovery is seen with bed rest and oxygen
(keeping S,0,% > 90%).?! When HAPE has
resolved, the hiker may ascend again; however,
adequate acclimatization and preventive aceta-
zolamide are recommended.

Prevention of High-Altitude Illness
Ascent to altitude in a slow, gradual manner is
the best means of preventing altitude illness.
Often hikers will climb to higher altitude during
the day and return to a lower altitude for sleeping.
Recent recommendations suggest avoidance of
sleeping 2000 feet (600 m) higher than the pre-
vious night once above 8000 feet (2440 m) and
spending an extra night for acclimatization for
every 2000 to 3000 feet (600 to 900 m) attained.
Also, it is advisable to spend 2 to 3 nights at 8000
to 10,000 feet (2440 m to 3000 m) before climbing
higher (Level of Evidence C, consensus/expert
opinion).?! Although a high-carbohydrate diet
appears to reduce AMS by about 30%, strong
conclusive evidence is lacking. Avoidance of res-
piratory depressants such as sleeping pills and
drinking alcohol in very small amounts have been
shown to decrease symptoms. Pharmacologic
prophylaxis using acetazolamide or dexametha-
sone is indicated for forced rapid ascent or prior
history of high-altitude illness. Acetazolamide is
the drug of choice, and dosage is 5 mg/kg/day
divided in 2 or 3 doses for 1 day prior and 1 day
after ascent (Level of Evidence C, consen-
sus/expert opinion).?> For most hikers, acetazola-
mide 125 mg twice a day starting 1 day prior to
ascent has been sufficient.?? Dexamethasone has
also been used to prevent high-altitude illness at
dosages of 4 mg twice a day. This is useful for
those allergic to acetazolamide or for insertion to
extreme altitude with no chance for acclimatiza-
tion.?? Dexamethasone does not speed acclimati-
zation like acetazolamide, and it must be contin-
ued for 3 to 4 days to avoid rebound symptoms.
For most hikers, dexamethasone is reserved for
summit day.?? One study has shown the com-
bination of acetazolamide and dexamethasone to
be superior to dexamethasone alone (Level of
Evidence A, randomized controlled trial).?” Ade-
quate hydration, avoiding overexertion, and exer-
cising gently on acclimatization days are also key
in preventing altitude-related illnesses.



SUMMARY

With an increasing number of people taking up
exercise and traveling into the wilderness, a pro-
portional rise in environment-related injuries and
illnesses has occurred. Sports physicians, base
camp doctors, and wilderness trip leaders must
be cognizant of potential environmental hazards
that might afflict their patient population.
Extremes of heat, cold, and altitude offer chal-
lenges to athletes, and physicians must under-
stand and treat the resultant pathologic changes
that alter physical performance. To minimize mor-
bidity and possible mortality, recognition, diag-
nosis, and management must be accomplished
without delay. Preventive measures are key and
if enacted properly may help avoid environmental
injury or illness altogether.
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INTRODUCTION serving as role models for them. Relying on myths

Although many individuals perform little or no
physical activity on a regular basis, many do live
a very active lifestyle. These individuals are ath-
letes in one phase of training or another, each at
their own level of desire and ability. These ath-
letes vary from young to old, and while none of
them will become world-class athletes through
dietary means, those with poor nutritional habits
will never reach their full potential nor achieve
their goals.

Athletic endeavors require high metabolic rates
for extended periods of time both in training and
competition. Dietary manipulation may be
attempted at virtually every level of competition
to enhance athletic performance. This is often
done without adequate nutritional knowledge or
sound nutritional advice. Dietary habits that are
learned at a relatively young age may very well
be carried forth into adult life. It is therefore
imperative that any dietary manipulations be done
with accurate and reliable information, particu-
larly when instructing younger athletes or while

and misconceptions is hazardous and frequently
results in negative impacts on athletic perfor-
mance. No known food or supplement will allow
an athlete of mediocre ability to become an Olym-
pic champion. Sound nutritional practices must
be in place to allow athletes to perform at their
very best and make the most of their potential
by providing adequate nutrients for tissue main-
tenance, growth, and repair while avoiding intake
that is excessive and unnecessary.

CALORIC REQUIREMENTS

It is difficult to provide an exact estimation of
daily caloric requirements of any particular indi-
vidual due to varying physical activity levels,
genetics, medical illnesses, lifestyles, and other
issues; however, it is quite apparent that physi-
cally active individuals will have higher caloric
requirements to maintain body function and
ensure optimal athletic performance than inactive,
sedentary persons. Athletes trying to maintain a
certain level of fitness may require a greater intake

* In the second edition, this chapter was authored by Randolph L. Pearson.
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TABLE 11.1
Formulas for Calculating Caloric
Requirements

Method 1

Weight (Ib) x 10 = basal energy needs + active calories;
calculate active calories as follows:

Weight (Ib) x 3 for sedentary
Weight (Ib) x 5 for moderately active
Weight (Ib) x 10 for very active

Method 2

Weight (kg) x 25 for sedentary

Weight (kg) x 30 for moderately active
Weight (kg) x 40 for very active
Weight (kg) x 45 for underweight

of nutrients than others who may be exercising
to reduce weight. One pound will be gained or
lost by the addition or reduction of 3500 calories
from the diet; for example, an athlete who is
losing 1 pound per week could correct the situ-
ation by adding 500 calories to his daily diet or
by reducing his workouts an appropriate amount.
When calculating caloric requirements, it is
important to remember that aerobic activity
involves the repetitive use of large muscle groups
over time and burns more calories than anaerobic
activity, which involves short bursts of activity
that result in little caloric expenditure (Table
11.1). Keeping track of the athlete’s weight and
maintaining a food diary is perhaps the best
method of ensuring optimal caloric intake.

MACRONUTRIENTS

Macronutrients are those substances that are nec-
essary in large quantities and have large molecular
structures. The most important of these are car-
bohydrates, proteins, and fats. These three sub-
stances make up the bulk of the required nutrients
for optimal athletic performance. These three
nutrients provide the necessary energy to main-
tain bodily functions, both at rest and during
physical activity. In addition, these same nutrients
help maintain the structural and functional integ-
rity of the human body. The basic requirements
are the same for both sedentary and physically
active individuals; however, those who are phys-
ically active will require a greater amount above
the basic needs, which are usually obtained
through the normal increases in dietary intake
that accompany such activity.

Carbohydrates
Carbohydrates may be thought of as the most
important fuel necessary for muscle training. The
requirement for this macronutrient increases as
the intensity of the exercise increases. Carbohy-
drates contribute most of the energy utilized to
support the muscle activity. These carbohydrates
are stored in the liver and muscles in the form
of glycogen. Prolonged exercise will result in
glycogen depletion and subsequent muscle
fatigue, with an inability to continue the exercise.
Consequently, it is imperative that the athlete
consume adequate quantities of carbohydrates
not only to maintain glycogen stores in the liver
and muscles but also to provide the fuel reserves
necessary for continued athletic participation.
Dietary carbohydrates have a major role in a
physically active lifestyle. In a typical American
diet, carbohydrates make up approximately 40 to
50% of the total calories consumed. Due to
increased fuel needs, the diet of an athlete should
include at least 50 to 60% carbohydrate calories.
During periods of heavy workouts and training,
these requirements should be increased to 70%
of total calories ingested. This would amount to
about 400 to 600 g/day for those who exercise
regularly. This compares to 300 g/day required
by a typical sedentary male weighing 70 kg. These
carbohydrates should be made up of complex
carbohydrates, such as fruits, vegetables, and
unprocessed, high-fiber grains. Simple carbohy-
drates such as table sugar should be ingested in
limited quantities. This recommendation assumes
that energy expenditure is balanced by adequate
intake. More specifically, athletes engaging in
heavy endurance exercise should consume
approximately 10 g of carbohydrates per kilogram
of body weight. This will provide adequate fuel
for activity and maintain glycogen stores within
the muscle and liver.

Proteins

Proteins have many functional roles within the
body. Proteins are important for synthesizing tis-
sue, enzymes, coenzymes, blood components,
vitamins, neurotransmitters, and hormones,
among their many functions. Collagenous pro-
teins make up the structural components of ten-
dons, ligaments, bone, hair, and nails while pro-
teins such as actin and myosin provide the
structure of muscle tissue. The current recom-
mended daily allowance (RDA) of protein is 0.8
g/kg body weight per day. This is usually a sound
recommendation for active individuals, and pro-
teins should account for approximately 15% of



the total daily caloric intake. The daily diets of
exercising adults will usually contain this amount
of protein with ease; however, it has been sug-
gested that athletes engaging in heavy training,
particularly strength training, should ingest
between 1.2 and 1.8 g (up to 2.0 g) of protein
per kilogram body weight.!? In actuality, this
amount of daily protein intake is usually normal
for this type of athlete, who thus has no need for
additional protein supplementation. Supplemen-
tation might be considered for the unusual
strength-training athlete who is unable or unwill-
ing to eat a proper diet that would include the
necessary amount of protein.

Fats

Fats have received a considerable amount of neg-
ative attention, most of which is justified; how-
ever, it must be remembered that fats do serve a
beneficial purpose. Fats provide a form of energy
storage; in fact, they are the only form of energy
storage in the body. Additionally, fats serve to
transport fat-soluble vitamins as well as to provide
thermal insulation and protection to vital organs.
Fats provide a tremendous store of energy that is
in a very concentrated form and relatively water
free, as opposed to glycogen, which is hydrated
and heavy. Stored fat is the ideal fuel for main-
taining the ability to continue a prolonged phys-
ical event, such as a marathon or 100-mile cycling
event. Fat is the preferentially used substrate dur-
ing prolonged activity. The longer the event, the
more fat that is consumed by the exercising body.
The current recommendation of fat intake is 20
to 25% of the total daily caloric intake, well below
the usual daily intake of 34 to 38% in a typical
American diet. Furthermore, of these calories, the
vast majority should consist of unsaturated fatty
acids, with saturated fats making up less than 10%
of the total amount consumed. Finally, it should
be recalled that fats burn in a carbohydrate flame.
This means that the primer for fat metabolism is
carbohydrate. Insufficient carbohydrate intake
results in a greater rate of fat mobilization than
oxidation which, in turn, allows the formation of
ketone bodies. Excess ketone formation results
in an increased acidity in the body that is certainly
detrimental to exercise performance.

MICRONUTRIENTS

Micronutrients are present in very small quanti-
ties. In spite of these small quantities, these
micronutrients play a major role in efficient and
effective regulation of many metabolic pro-
cesses. The vitamins and minerals that make up
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these micronutrients play very specific roles in
facilitating energy transfer and the synthesis of
tissue. Most athletes will naturally obtain much
more of these nutrients than is required for their
normal daily level of activity; regardless, some
athletes still supplement their diets with them,
which could pose a significant health risk.

Vitamins

The diet must contain sufficient amounts of vita-
mins to fulfill the body’s requirements because
the only vitamin that the human body is able to
produce is vitamin D. If the diet lacks some of
them, they must be supplemented. The 13 known
vitamins may be classified as either water soluble
or fat soluble. B-complex vitamins are water sol-
uble, while vitamins A, D, E, and K are fat soluble.
This distinction is important and should be kept
in mind considering the frequency with which
athletes ingest vitamin supplements. The inges-
tion of water-soluble vitamins is usually without
consequence because they are eventually
excreted in the urine. On the other hand, fat-
soluble vitamins will accumulate in the body
when taken in excessive quantities, potentially
leading to toxic levels and resultant adverse con-
sequences.

Many athletes take antioxidants in the hopes
of forestalling damage or enhancing athletic per-
formance. During normal daily respiration, free
radicals are formed. These are molecules that lack
one electron and exist in various forms. These
free radicals have been shown to be a cause of
oxidative stress and damage to cellular elements
from lipid peroxidation. It has been suggested in
the literature that antioxidants may protect the
body from these harmful oxidative effects as well
as from heart disease and cancer. Definitive data
on this subject are still not available, and it
deserves further study.

With few exceptions, too few data support the
notion that exercise performance will be
enhanced or improved by the supplementation
of vitamins beyond the recommended daily
allowances. Various studies have shown conflict-
ing reports, and few have actually evaluated spe-
cific athletic events. One study showed statisti-
cally significant improvement in 5-km race
performance with the use of B-carotene.*

Minerals

This group of micronutrients consists of 22 ele-
ments, most of which are metallic in nature. They
are involved in many essential areas of bodily func-
tions; for example, iron is essential in the blood,

PRINCIPLES OF HEALTHY EXERCISE



116 NUTRITION IN SPORTS

and bone requires calcium. Similar to vitamins, few
data support the idea that supplementation of any
of these minerals can improve athletic perfor-
mance unless the athlete is in a state of deficiency.

The most common mineral deficiency in the
United States is the result of inadequate dietary
intake of iron resulting in anemia, which may
dramatically and negatively affect athletic perfor-
mance. Iron is obtained from animal sources such
as meat and poultry as well as plant sources such
as peas, beans, and leafy green vegetables. How-
ever, in spite of the ease with which iron may be
consumed, for a variety of reasons (particularly
inadequate diet and menstruation) many female
athletes suffer from anemia. One of the first com-
plaints that an athlete may have is simply a
decreased ability to perform at a previous level.
This topic is discussed elsewhere in the text;
suffice it to say here that the RDA for females
between 11 and 50 years of age is 15 mg/day (18
mg if menstruating, 10 mg for men). Long-term
ingestion of lesser quantities will result in anemia
and negative impacts on athletic ability and per-
formance.

The most abundant mineral in the body is
calcium. It may be combined with phosphorus to
form bones and teeth or may exist in its ionized
form, where it plays a valuable role in nerve
conduction, muscle function, and blood clotting.
Although calcium plays an important role in ath-
letics because it helps optimize muscle perfor-
mance, it is most frequently discussed in its rela-
tion to osteoporosis, or thinning of bone. The
condition may be seen in athletes, particularly
females who maintain poor eating habits — most
notably, gymnasts and ballet dancers. Ingesting
1200 to 1500 mg/day is strongly recommended.
The diet should be modified to ensure that this
amount of calcium is ingested; otherwise, supple-
mentation will be necessary.

FLUID REQUIREMENTS/
REPLACEMENT

As exercise begins, muscles begin to work,
increasing bodily fluid requirements. Fluid loss
from sweating also greatly increases the fluid
needs of the exercising athlete. Larger athletes
may lose 2 liters per hour or more depending on
the time of year and climate. Any amount of
dehydration is to be avoided if at all possible
because any degree impairs performance. Perfor-
mance is negatively altered due to the effects on
physiologic function and thermoregulation. The
thermal and metabolic demands of exercise will
not be met, resulting in significant reductions in

temperature regulation and circulatory capacity. A
1-pound loss of weight translates into a 1-pound
loss of fluid. It should be noted that the negative
effects of dehydration begin to occur with the
loss of as little as 2% of body weight.

All athletes should be hydrating at least 24
hours prior to competition. Some athletes may be
in a minor stage of dehydration due to training.
Pre-event rehydration is the best time to play
catch-up and bring fluids to their optimal level
before the athletic event begins. In addition, it is
recommended that approximately 20 minutes
before the event, the athlete consume 400 to 600
mL of cool water (particularly if exercising in the
heat). This has the additional benefit of increasing
stomach volume, which increases gastric empty-
ing. This minimizes the time fluids spend in the
stomach and speeds their delivery to the working
muscle. Once the exercise has begun, drinking 8
ounces or so every 15 to 20 minutes will aid in
replacing lost fluids. The actual amount required
to maintain a positive fluid balance may be deter-
mined by monitoring body weight during practice
or training.

Age Considerations

Nutritional requirements for athletes vary accord-
ing to sport, activity level, and age. Young and
preadolescent athletes require 60 kcal/kg of ideal
body weight per day for normal growth and
development; therefore, these athletes will
require additional caloric intake to maintain
growth and development and to compensate for
the increased energy demands. Simply increasing
the diet in these athletes should be sufficient;
however, the diet should be monitored so that it
has an appropriate distribution of carbohydrates,
proteins, and fats. Excess fat should be avoided.

Adolescent athletes also require additional cal-
ories to compensate for normal growth spurts,
which can account for 5 to 20 pounds of fat-free
weight in a year. This is also a time when dietary
habits typically deteriorate (e.g., eating disorders)
in spite of athletes indicating that they are eating
well. Iron and calcium intake, particularly in
females, should be emphasized. Dietary intake
should be discussed thoroughly with these ath-
letes, and any dietary misinformation or miscon-
ceptions should be corrected. Misconceptions
abound during this time of life.

As our population ages, so does the number
of individuals maintaining active lifestyles. Those
who were exercising in their 30s and 40s are now
continuing to do so well into their 60s and
70s and beyond. As a person ages, the calories



necessary to maintain adequate nutrition
decreases. For example, athletes require approx-
imately 150 calories per day less from ages 35 to
55 than when they were teenagers or in their
early 20s. Athletes between the ages of 25 to 35
years old require about 50 calories per day less
than when they were younger.

CARBOHYDRATE LOADING

As noted earlier, the most important fuel for mus-
cle activity is carbohydrates. It may be recalled
that carbohydrates are stored in the form of gly-
cogen within the muscles and liver. A technique
was developed in the late 1960s that has become
known as carbohydrate loading. The premise is
to increase the ingestion of carbohydrate prior to
the targeted activity (e.g., long endurance event)
so that the muscles and liver become “super-
concentrated” with glycogen. This increase in gly-
cogen stores would provide more fuel for activity
for a longer period of time than without carbo-
hydrate loading. This has been repeatedly shown
to be an effective method for enhancing perfor-
mance for events lasting longer than an hour,
such as marathons and/or triathlons. It has pro-
vided little, if any, benefit for shorter events.

The downside of this classic method is the
depletion phase, which calls for little or no car-
bohydrate intake while exercising to exhaustion
or near exhaustion. This causes the athlete to
have feelings of glycogen depletion such as
fatigue, extreme lassitude, and inability to com-
plete a workout satisfactorily. In addition, during
the loading phase, along with the increased stor-
age of glycogen comes additional storage of
water. Although increased water may be benefi-
cial from a physiological standpoint, the athlete
may feel “too heavy” and, at times, uncomfort-
able. This extra weight also increases the energy
required to perform an event such as running, a
problem that may not pose any difficulty to some
athletes.

It has been determined, however, that the
beneficial effects of carbohydrate loading may be
accomplished without a strict depletion phase.
This modified 6-day loading technique begins
with the athlete exercising for approximately 1.5
hours each day at a 75 to 85% effort and then
gradually tapering on the remaining days, a pro-
cess beginning on the 6th day prior to the event.
During the first 3 days of this process, total caloric
intake should consist of 50% carbohydrates fol-
lowed by an increase to 70% of calories on the
final 3 days before the competition. This may be
as much as 500 to 800 g of carbohydrates,
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depending on the normal dietary intake. This
modified carbohydrate loading procedure has
been shown to allow glycogen reserves to accu-
mulate to the same level as the more traditional
technique.’

PRE-GAME MEAL

The importance of a pre-game meal is of partic-
ular significance for events that take place in the
morning after an 8- to 12-hour fast that normally
occurs during sleep. Without replacing the glyco-
gen that was used during the evening and night,
the athlete will enter the event with less than
optimal fuel reserves. This occurs even if the
athlete has been strictly following dietary recom-
mendations in the days and weeks prior to the
event. Attention should also be focused on proper
pre-event fluid intake, as the overnight fast will
have a negative effect here as well. Fluid intake
should be generous and amount to at least 16 to
32 ounces.

Foods to avoid for the pre-game meal are those
high in protein and fat. These foods should be
virtually eliminated the day of the competition.
These foods digest slowly and will remain in the
gastrointestinal tract for too long a period of time.
In addition, prolonged digestion shunts blood
away from the working skeletal muscle (where it
is needed most during exercise) and into the
working intestine. Other food items to avoid con-
sist of simple carbohydrates and sugars, which
impair glycogenolysis and free-fatty acid mobili-
zation; caffeine, which acts as both a stimulant
and diuretic; and alcohol, which acts as a diuretic
and impairs central nervous system function.

The pre-game meal should be carbohydrate
rich to maximize glycogen storage in the liver
and muscles. The athlete should consume a liquid
or solid meal that has between 150 and 300 g of
carbohydrates (3 to 5 g/kg of body weight) within
3 to 4 hours of the competition. Some athletes
may not be able to consume this amount of
carbohydrates in solid form for a variety of rea-
sons (e.g., pre-race anxiety, superstition, travel
time, food unavailability, etc.). Liquid meals will
provide a high carbohydrate content as well as
additional fluids. Additionally, liquid meals may
be used during a prolonged event or competition
such as all-day track or swimming events. What-
ever is chosen, never introduce anything new or
strange into the athlete’s diet at this time. The
food that is consumed prior to the event must be
accepted by the athlete both mentally and phys-
ically. Just before an event is not the time to
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realize that what you just ate does not agree with
you!

There has been some debate as to whether or
not fructose is a beneficial source of energy prior
to prolonged exercise. It is absorbed more slowly
than glucose and causes only very minimal insulin
response or decline in blood glucose; however,
before fructose can be utilized by the muscle it
must be converted to glucose. This occurs after
it has been transported to the liver for conversion,
which delays its eventual entry into the blood-
stream for effect. Furthermore, consuming a bev-
erage that has a high fructose content may pro-
duce vomiting and diarrhea, both of which are
certainly undesirable prior to any event of any
sort.

POST-GAME MEAL

The optimal time to initiate glycogen replacement
is immediately upon completion of the event, and
it can be in solid or liquid form. This will allow
glycogen resynthesis to occur as rapidly as pos-
sible. Although glycogen levels will gradually be
restored over time, the best time to replenish is
within the first 2 hours following the exercise.®
Post-exercise carbohydrate replacement that
begins immediately has been shown to restore
muscle glycogen nearly three times faster than
waiting for 2 hours.” This is important for athletes
who will begin training again within a short
period of time. Recovery time will be shorter and
optimal with proper nourishment. This is not to
say that an athlete cannot restore liver and skeletal
muscle glycogen concentration to pre-exercise
levels without immediate carbohydrate consump-
tion. Glycogen stores are replenished at a rate of
5 to 7% per hour with optimal carbohydrate inges-
tion. Even if the best replacement recommenda-
tions are followed, after a glycogen-depleting
event it will take up to 20 hours to fully replace
the body’s glycogen stores.? The same foods that
were chosen as a pre-race meal and for carbo-
hydrate loading would be good choices here.
These foods should be high in carbohydrate con-
tent, such as potatoes, bread, pastas, brown rice,
and bananas. Legumes and milk products should
be avoided during rapid replenishment only
because they are slowly absorbed by the intestine.

ENERGY SUPPLEMENTS

While it is true that all of the required nutrients
and calories are available in a normal diet, high-
performance athletes may have some difficulty con-
suming adequate quantities of them, potentially

resulting in impaired performance. Today, energy
bars and sports drinks are readily available to
supplement the added needs of athletes.” These
supplements represent an energy-dense food that
is quite convenient to utilize. Athletes need to
read the labels on these supplements. As always,
they should assist these competitors in maintain-
ing the optimal intake of carbohydrates, proteins,
fats, and fluids.

SUMMARY

Many myths and misconceptions regarding nutri-
tion pervade our society. It is incumbent on all
physicians, particularly those who regularly treat
athletes, to be familiar with the basics of sports
nutrition. Athletes are often confused by all the
information available in magazines and newspa-
pers, at gymnasiums, and on the Internet. In spite
of this explosion of information, the basic advice
remains the same. It is imperative that all athletes
maintain and replace the fluids and fuel necessary
for activity, most notably carbohydrates. Vitamins
and minerals do play an important role in the
health of athletes, but most athletes naturally con-
sume larger quantities of food and receive more
than their recommended daily allowance. Scien-
tific data to support the need for further supple-
mentation are lacking. The one exception may
be strength-training athletes. Sports nutrition is
often viewed as a minor player in the overall
health and ability of an athlete, but it is here that
training begins. If an athlete’s nutritional needs
are not met, however, it is here that the training
ends.
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HISTORY

Since ancient times, athletes have ingested sub-
stances designed to impart speed, strength, or
agility or to improve personal appearance.! Greek
and Roman athletes used mushrooms, opiates,
and other “performance-enhancing” products to
achieve a competitive edge. Cyclists in the 19th
century used heroine, cocaine, and ether to
improve performance. The winner of the 1904
Olympic marathon used a concoction of strych-
nine and brandy to augment performance, and
the winner of the 1920 Olympic 100-meter dash
used a mixture of sherry and raw eggs to enhance
speed.? Modern athletes are no different. Recent
high-profile incidents involving anabolic steroid
use disqualified the 1998 Olympic 100-meter dash
winner Ben Johnson and banned the 1996 shot-put

champion Randy Barnes from international com-
petition. The pressure to succeed is intense for
modern athletes. One informal survey of Olym-
pic-caliber athletes indicated that a vast majority
would use a banned product if they were certain
that use would go undetected and guarantee vic-
tory.? The same survey also suggested that these
athletes would continue to use the same sub-
stance for several years to maintain the compet-
itive edge, even if use resulted in premature death
(Level of Evidence C, survey). Table 12.1 presents
a table of common performance-enhancing sub-
stances.

DEFINITIONS

When discussing the use of performance-enhancing
substances (PESs) in sport, three general categories

* In the second edition, this chapter was authored by Bruce H. Woolley and Richard B. Birrer.
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PERFORMANCE-ENHANCING SUBSTANCES

TABLE 12.1
Current Performance-Enhancing Products
Ergogenic Aid Reported Research on Reported Product
of Interest Action(s) Ergogenic Effects Side Effects Legality
Alcohol Decreases anxiety No benefits Significant Banned for shooting
events
Amphetamines Improves Mixed, some Significant, Illegal
concentration, positive dangerous
decreases fatigue and
appetite
Anabolic steroids Increases strength, lean  Positive Significant, Illegal
muscle mass, and dangerous
motivation
Androstenedione Same as anabolic Refutes, no Significant Banned by 10C,
steroids benefits NCAA
Beta blockers Decreases anxiety Positive effect on Significant Banned by 10C
fine motor control,
negative effect on
aerobic capacity
Beta, agonists Increases lean muscle Mixed, no benefit ~ Mild Banned by IOC,
mass from inhaled legal when
formulations prescribed
Blood doping Increases aerobic Supports Significant, Illegal
capacity dangerous
Caffeine Increases muscle Supports Mild Legal to urine level
contractility and aerobic of 12 to 15 u g per
endurance, enhances mL
fat metabolism
Cocaine Stimulates CNS, delays Mixed Significant, Illegal
fatigue dangerous
Creatine Increases muscle Supports, Mild Legal
energy, endurance, insufficient data
strength, and lean on long-term use
muscle mass
Diuretics Decreases body mass Limited benefit Potentially Banned by I0C
dangerous
Ephedrine and Stimulates central No benefit Potentially Banned by 10C,
other nervous system, dangerous some other
sympathomimetics  increases energy, delays organizations
fatigue, stimulates
weight loss
Ephedrine plus Increases energy, Supports Potentially Banned by 10C,
caffeine stimulates weight loss dangerous, fatal at some other
high doses organizations
Erythropoietin Increases aerobic Supports Significant, Illegal
capacity dangerous
Gamma- Stimulates growth Limited, refutes Significant, dose- Illegal
hydroxybutyrate hormone release and related; abuse
muscle growth potential
Human growth Has anabolic effect on Refutes, limited Significant, Illegal
hormone muscle growth, ergogenic benefits  dangerous

increases fat
metabolism
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Current Performance-Enhancing Products
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Ergogenic Aid Reported Research on Reported Product
of Interest Action(s) Ergogenic Effects Side Effects Legality
Marijuana Decreases anxiety Refutes, negative Significant, Illegal
effect dangerous
Narcotics Increases endurance by  Mixed, negative Significant, Illegal
suppressing pain, dangerous

decrease anxiety

Source: Adapted from Ahrendt, D.M., Am. Family Phys., 63, 913-922, 2001.

of products are used by athletes to enhance per-
formance: prescription medications, nutritional
supplements, and illegal/banned substances. The
use of multiple drugs and a regimen intended to
maximize desired effects, minimize negative side
effects, and/or avoid detection in drug-testing
scenarios is termed stacking. The use of multiple
drugs in a sequence to maximize desired effects,
minimize negative side effects, and/or avoid
detection in drug-testing scenarios is termed
cycling.

Prescription Medications

According to the Food and Drug Administration
(FDA), a drug is any product intended to diag-
nose, cure, mitigate, treat, or prevent disease. Any
product that is marketed as a drug must undergo
clinic trials under strict FDA regulation to prove
effectiveness, safety, potential drug interactions,
and appropriate dosage. Prescription medications
are available only under the supervision of a
licensed medical provider. Some prescription
medications (such as anabolic steroids, human
growth hormone, and erythropoietin) have been
diverted from legitimate medical use for illicit
athletic use.

Nutritional Supplements

In contrast to prescription medications, dietary
supplements are defined as any products (other
than tobacco) that are solely intended to supple-
ment a regular diet. Dietary supplements must
contain one or more of the following as a primary
ingredient: vitamin, mineral, herb, or amino acid
concentrate, metabolite, or “extract.” This nebu-
lous definition has led to the explosion of an inter-
national supplement market with annual sales
approaching $30 billion.? Much of the increase in
supplement sales is the result of the Dietary Sup-
plement Health Education Act passed by Congress
in 1994. This act was intended to support an
increase in popular demand for “natural” products.

While the FDA does have the authority to estab-
lish good manufacturing procedure regulations
governing the preparation, packing, and storage
of dietary supplements, the FDA does not autho-
rize or test dietary supplements. When a product
is marketed, the FDA has the responsibility to
show that a supplement is unsafe before it can
take action to restrict use of that product.

Illicit Drugs

In addition to prescription medications and nutri-
tional supplements, illicit or recreational drugs are
used by athletes to enhance competitive perfor-
mance. These products have no proven medical
indication and are illegal. Table 12.2 presents a
list of common prescription medications, nutri-
tional supplements, and illegal drugs encountered
in the athletic arena.

EPIDEMIOLOGY

Current estimates suggest that close to half of the
population of the United States uses some form
of nutritional supplement.* The reasons individu-
als cite for supplement use are varied and include
ensuring good nutrition, preventing illness,
improving performance, warding off fatigue, and
enhancing personal appearance. The prevalence
of creatine use among young athletes varies from
6 to 45%, depending on age and sport.> The self-
reported incidence of anabolic steroid use has
been reported to be between 4 and 12% of the
adolescent male population and between 0.5 and
2% of the adolescent female population (Level of
Evidence C, survey).® In a random survey of
health clubs and weight-lifting facilities, 18% of
men reported androstenedione use, 25% reported
using ephedra alkaloid products, and fully 5%
reported use of anabolic-androgenic steroids.”
Based on these data, it is estimated that 1.5 million
individuals have used either androstenedione or
anabolic steroids, and close to 3 million individuals
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TABLE 12.2

PERFORMANCE-ENHANCING SUBSTANCES

Classification of Drugs and Supplements Used for Enhanced Sports Performance

Prescription Drugs

Dietary Supplements

Illicit Drugs

Anabolic steroids® Androstenedione® Amphetamines?
Beta blockers Caffeine Cocaine?
Beta agonists Creatine Gamma-hydroxybutyrate?

Diuretics

Human growth hormone?
Corticotropin
Theophylline

Narcotics*

Ephedra alkaloids®

Marijuana®

Vitamin supplements
Mineral supplements

Amino acid supplements

* Banned by most sports governing bodies. Other products listed may also affect an athlete’s eligibility depending upon type of competition,

medical indication, and rules of competition.
Source: Adapted from Koch, J.J., Ped. Rev., 23(9), 200-212.

have used ephedra alkaloids in the past 3 years
(Level of Evidence C, survey).”

PREVENTIVE COUNSELING

When counseling patients about PES use, it is
helpful to use the four-question mnemonic
“SOLE” (safety, outcomes, legal, ethical).?? In
other words, is the product safe? Are outcomes
improved by use of the supplement? Is the prod-
uct legal? Is the product ethical? Clinicians can
readily adapt these simple questions to discus-
sions with athletes about the use of ergogenic
products.

NUTRITIONAL SUPPLEMENTS
Creatine
Creatine is a naturally occurring compound that
is synthesized in vivo from the amino acids argi-
nine, glycine, and methionine by the liver, pan-
creas, and kidney, respectively. Creatine is
actively transported to skeletal muscle, where 95%
of the body’s creatine pool resides. The majority
of muscle creatine exists as phosphocreatine.
Endogenously, 1 to 2 g of creatine are synthesized
daily and an additional 1 to 2 g are ingested in
the diet. Excess creatine is metabolized to creat-
inine and excreted in the urine. Inter-individual
differences in ambient muscle phosphocreatine
levels and creatine transport capabilities influence
if and how a particular individual will respond to
creatine supplementation.

The interest in creatine as an ergogenic is based
upon the following biochemical equilibrium:

Phosphocreatine + Adenosine
diphosphate (ADP)  Adenosine
triphosphate (ATP) + Cr

Theoretically, flooding the system with creatine
will drive this reaction to the left, thus increasing
phosphocreatine stores and short-term energy
supplies for exercise.

Many ergogenic claims have been associated
with creatine use, including increased short-term
energy during intense exercise, increased muscu-
lar mass, increased muscular strength, and
increased lean body mass. The scientific evidence
surrounding the effectiveness of creatine, how-
ever, is debatable. It is generally accepted that
creatine is most useful as an ergogenic to increase
energy availability for repeated bouts of short-
term, high-intensity exercise.' Additionally, when
combined with an appropriate resistance training
program, creatine supplementation increases the
maximal amount of weight that young men are
able to lift (Level of Evidence A, systematic
review).!! Claims of decreased muscle lactate
accumulation and increased muscle mass are
unsubstantiated. Additionally, most of the work
with creatine has been done in the laboratory.
How this equates to performance on the athletic
field is not known. Finally, creatine has been
potentially associated with abnormalities in renal
function.!? Therefore, athletes with underlying
renal disease should be counseled to avoid cre-
atine supplementation.

Androstenedione

Androstenedione is a steroid precursor to test-
osterone. By itself, it is weakly androgenic. The
ergogenic effects of androstenedione are due to
its conversion to testosterone. It is metabolized to
either testosterone or estrone. The popularity of
androstenedione as a PES soared after Major League
Baseball’s homerun derby of 1998. Slugger Mark
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McGwire admitted to oral supplementation with
androstenedione, and sales skyrocketed thereaf-
ter. Some of the reported claims associated with
androstenedione include an increase in testoster-
one levels, increased energy levels, enhanced
recovery from exercise, and an increase in muscle
mass and strength.

The original scientific evidence supporting an
ergogenic effect for androstenedione comes from
a very small study of 2 women in 1962 (Level of
Evidence C).13 In this study, supplementation with
100 mg of androstenedione per day led to a 4-
to 7-fold increase in circulating testosterone.
Other studies, however, have been less convinc-
ing. The largest clinical trial comparing andros-
tenedione to placebo showed no change in free
or total testosterone in young males. Supplemen-
tation with 300 mg/day did not lead to superior
gains in strength when compared with a regular
strength training program (Level of Evidence B).'
Other studies have shown that higher doses of
androstenedione can raise serum testosterone, but
it is accompanied by a predictable rise in serum
estradiol levels as well (Level of Evidence B).!>10
Despite the scientific evidence to the contrary,
anecdotal support for androstenedione use
remains high, and clinicians should be prepared
to deal with questions regarding its use. Conver-
sion of androstenedione to estrone is normal, and
users should be made aware of potential side
effects including gynecomastia. Other androgenic
side effects include male pattern baldness, testic-
ular atrophy, and (for females) hirsutism and cli-
toromegaly. Androstenedione has been banned
by the International Olympic Committee (I0C),
the National Collegiate Athletic Association
(NCAA), the National Basketball Association
(NBA), and the National Football League (NFL).

Ephedrine

Ephedra alkaloids (pseudoephedrine, ephedrine,
phenylephrine, tetrahydrozoline, and phenylpro-
panolamine) are sympathomimetic vasoconstric-
tor agents and, therefore, substances banned by
the IOC and NCAA. Ephedrine stimulates the
release of norepinephrine, resulting in an
enhanced sympathetic response, including
increased muscle contractility and enhanced car-
diac output. Norepinephrine also increases met-
abolic rate and fat mobilization. Ephedra alka-
loids, therefore, have been primarily promoted as
medicinal alternatives to dieting. Ephedrine ana-
logs are found in commonly used over-the-
counter medications such as decongestants, anti-
histamines, and weight-loss products such as ma
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huang. Ephedrine has been relatively well stud-
ied, particularly in combination with caffeine. As
with other PESs, the scientific data are mixed.
Ephedrine supplementation has been shown to
increase performance in both the laboratory!'” and
field'® setting (Level of Evidence B). Other studies
show no benefit from ephedrine supplementation
(Level of Evidence B).1? Due to repeated reports
of adverse outcomes, the FDA has proposed to
limit ephedrine supplements to a total daily intake
of 24 mg or more of ephedrine or less and to
restrict use to 7 days or less. Most major sports
governing bodies have banned ephedra products.

PRESCRIPTION MEDICATIONS
Anabolic-Androgenic Steroids
Anabolic—androgenic steroids (AASs) have both
anabolic (protein-sparing, tissue-building) and
androgenic (masculinizing) effects. Testosterone
is the primary AAS. First isolated in 1935, test-
osterone use for improving athletic performance
has been reported as early as the 1940s.2! Early
scientific studies on the effects of AAS were equiv-
ocal; therefore, the scientific community initially
claimed that steroids were ineffective as perfor-
mance-enhancing agents. Experienced athletes,
however, insisted that AASs were effective in pro-
moting muscle strength and muscle mass and
continued to promote their underground use
within the competitive athletic culture. This cre-
ated a credibility gap between the scientific com-
munity and the athletic community that persists
to the present day. Athletes are often mistrustful
of physicians when seeking advice about perfor-
mance-enhancing products, and many get their
information either from other athletes or via the
Internet.

At supraphysiologic doses, AASs exert their
effects by acting on intracellular receptors to pro-
mote protein synthesis. In addition, AASs have
an anticatabolic effect, allowing athletes to main-
tain a positive nitrogen balance during periods of
heavy training. AAS are available in oral, inject-
able, and transdermal forms. Legitimate medical
uses include testosterone replacement for con-
genital hypogonadism and treatment of refractory
anemia. Typical medical replacement doses for
hypogonadism are from 6 to 10 milligrams per
day.

Many anabolic steroids, however, are diverted
for illicit use. Users typically take anabolic steroids
in 4- to 12-week cycles in an effort to minimize
side effects. Anabolic steroid abusers use up to
50 to 100 times the physiologic dose during a
cycle. Stacking refers to the process of combining
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TABLE 12.3 TABLE 12.4
Common Androgenic-Anabolic Steroids Side Effects of Anabolic Androgenic Steroids
Generic Name Trade Name System Side Effect

Methandrostenolone Dianabol®

Nandrolene decanoate Decadurabolin

Stanozol Winstrol®
Methyltestosterone Testred®
Testosterone propionate Testex®

Testosterone cypionate Duratest®

Nandrolone phenpropionate Durabolin®

oral and intramuscular steroids. Pyramiding refers
to the practice of varying the AAS dose by starting
with high doses and tapering toward the end of
the cycle. Table 12.3 is a list of common andro-
genic—anabolic steroids.

The side effects of androgenic—anabolic ste-
roids have been well described.?? In young ath-
letes, steroid use may accelerate the growth pro-
cess with resultant premature closure of the
epiphyses. Increased rates of tendon injuries have
been reported among steroid users, as have com-
plications involving the endocrine, reproductive,
hepatic, and cardiovascular systems. Table 12.4
presents some of the more commonly reported
adverse effects associated with anabolic—andro-
genic steroid use. Additionally, AASs have been
reported as gateway drugs, because steroid users
are more likely to use other illicit recreational
drugs, including intravenous drugs, than are non-
users.? All anabolic steroids are banned by major
sports governing authorities. A 6:1 ratio of test-
osterone to epitestosterone is considered an
“offense” at Olympic events.

The quest for athletes to stay ahead of the
doping process continues to evolve. Recently, a
designer steroid, tetrahydrogestinone (THG), has
been uncovered. While previously undetectable,
new technology has evolved and testing of
banked samples has implicated many high profile
athletes, several of whom have already been
banned from competition.

Human Growth Hormone

Human growth hormone (HGH) is a polypeptide
hormone that is secreted by the anterior lobe of
the pituitary. HGH increases translation of mes-
senger ribonucleic acid to increase protein syn-
thesis and promote lipolysis. HGH is used as a
performance-enhancing substance to increase
muscle mass and decrease body fat. For patients
with endogenous deficiency, HGH is given in a

Endocrine-reproductive  Testicular atrophy
Irregular spermatogenesis
Gynecomastia

Menstrual irregularities
Male pattern baldness
Clitoromegaly

Hirsutism

Cardiovascular Altered lipoprotein levels

(decreased HDL, increased
LDL)

Hypertension

Left ventricular hypertrophy
Hepatic Cholestasis
Hepatic tumors (rare)

Musculoskeletal Collagen dysplasia

(decreased tensile strength
with increased risk for
musculoskeletal strain
injury)
Psychological Increased aggression
Altered libido
Affective lability

Dependence

therapeutic dose of 0.06 mg/kg 3 times a week.
Athletes, however, have been reported to use 10
to 30 times this amount at a cost of up to $5000
per month.? A systematic review of the medical
literature indicates that there is no evidence that
HGH use promoted muscle strength in previously
trained athletes (Level of Evidence A).%

[LLICIT DRUGS

Marijuana

Marijuana has been used for centuries for both
medicinal and mind-altering purposes. Marijuana
is the most frequently used illicit drug in the
United States; 40 to 45 million Americans have
tried marijuana, and 15 to 20 million are regular
users. Among athletes, 36% have used marijuana,
3% on a daily basis.?* The principal active ingre-
dient of marijuana is delta-9-tetrahydrocannabinol
(delta-9-THC). THC primarily affects the central
nervous system via diverse neurochemical path-
ways, including increased catecholamine synthesis,



decrease in hippocampal acetylcholine synthesis
and release, and an alteration of dopamine,
gamma-aminobutyric acid (GABA), serotonin, and
norepinephrine uptake at the synaptic level of the
cortex and striatum. Resulting acute behavioral
changes include decreased short-term memory, vig-
ilance, concentration, and work and psychomotor
performance; euphoria; excitement; dissociation of
ideas; anxiety; relaxation; and distortion of time
and visual perception. Long-term usage leads to
tolerance, psychological dependence, and, in
some cases, physical dependence.

Marijuana produces effects that begin within
several minutes of inhalation, peak within 30
minutes, and last several hours. Oral ingestion
delays these effects severalfold. The terminal half-
life of delta-9-THC is about 20 hours, but the half-
life of its metabolites may be 50 hours or more.
Due to high lipid solubility, 20% of these metab-
olites remain in the body for 1 week, making
detection through urine drug screening possible
for up to several weeks after use.

Marijuana use is deleterious to athletic perfor-
mance, as it leads to a decrease in tracking ability,
motor coordination, perceptual accuracy, reaction
time, muscle strength, and maximal exercise
capacity. Heart rate, metabolic rate, supine sys-
tolic blood pressure, and serum carboxyhemoglo-
bin levels are increased. Decreased sweating abil-
ity can lead to an increased core body
temperature. In susceptible individuals, chronic
usage leads to the amotivational syndrome —
apathy, impaired judgment, loss of ambition, and
inability to carry out long-term plans.

Cocaine

Cocaine is a crystalline alkaloid that is obtained
from the leaf of the coca plant. The only approved
medical use for cocaine is as a topical anesthetic
in combination with epinephrine. It is currently
estimated that 30% of adults have tried cocaine,
5 million are regular users, and 2 million are
addicted. Of high school athletes, 16 to 18% have
used cocaine at least once. Additionally, 2 to 3%
of Olympic-caliber female athletes report using
cocaine before or during competition.?* Cocaine’s
primary mechanism of action is a synaptic block-
ade that prevents reuptake of dopamine and nore-
pinephrine. This results in characteristic feelings
of euphoria, decreased fatigue, mood elevation,
enhanced vigor, and psychic arousal. Cocaine’s
effects depend on route of administration. The
peak effect achieved by snorting is achieved
within 3 to 5 minutes. By comparison, intense
effects begin 30 seconds after intravenous injec-
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tion. Inhalation of vaporized cocaine base (crack),
also known as free basing, produces an even
more intense rush of sensations within seconds.
The half-life of cocaine is 2 to 6 hours, and
cocaine metabolites can be detected in the urine
for 1 to 3 days by reliable screening tests. Cocaine
use is banned by most sporting authorities.

MISCELLANEOUS AGENTS
Beta-hydroxy-beta-methylbutyrate (HMB), a
branched-chain amino acid metabolite of leucine,
decreases proteolysis and increases protein syn-
thesis. Various studies have shown an ergogenic
effect at doses of up to 6 g/day for 8 weeks
without side effect. Chromium picolinate, a trace
mineral required for carbohydrate and lipid
metabolism, potentiates the effects of insulin,
resulting in muscle growth and increased intrac-
ellular availability of glucose. While it may
increase lean body mass, the general scientific
community is in agreement that at levels above
50 to 200 p g per day no ergogenic benefits are
gained. Glutamine is a nonessential amino acid
affecting many of the regulatory functions of the
body. Although adequate research does not exist
in healthy men and women, recent data suggest
that during recovery oral glutamine promotes
storage of muscle glycogen. High doses (>5 g)
are required for anticatabolism and enhanced
protein synthesis. Conjugated linoleic acid, a
natural substance in foods high in saturated fat
such as meat and dairy products, has shown
conflicting results or no benefit regarding weight
loss or strength gains in a few, incomplete
human studies.

The use of amino acid supplements in healthy
human subjects does not provide convincing evi-
dence with respect to improved training respon-
siveness or exercise performance. Guarana is a
stimulant produced from Brazilian herb that con-
tains multiple substances, the most significant of
which is caffeine (2.5 to 5% by weight). Khat is
an herbal product derived from Catha edulis that
contains cathine and cathinone, which are
amphetamine-like stimulants. Products containing
these chemicals are banned substances at the elite
level of competition. Plasma expanders such as
heta starch are most commonly seen in athletes
competing in endurance events and are banned
substances at the elite levels of competition. Pro-
panolol and other beta blockers are banned from
use in such sports as archery, biathalon, and
shooting where fine motor tremulousness would
be detrimental to performance because these
drugs lower the heart rate. Beta agonists such as
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TABLE 12.5

PERFORMANCE-ENHANCING SUBSTANCES

Summary of Common Performance-Enhancing Products Banned by the International

Olympic Committee (I0C)

Stimulants Narcotics Anabolic Agents ~ Diuretics Peptide Hormones Miscellaneous
Amphetamines  Heroin Anabolic steroids  Furosemide Corticotropins Beta blockers
Caffeine Methadone  Clenbuterol Mannitol Growth hormone Beta agonists
Cocaine Morphine Salbutamol Spironolactone  Insulin-like growth factor
Ephedrines Insulin

Erythropoietin

albuterol, both oral and parenteral preparations,
are prohibited. Inhaled forms of these products
are restricted, and athletes who use these prod-
ucts to treat reactive airway disease are required
to notify, in advance, their sports governing body.
At the Olympic level, the diagnosis of asthma
must be made or confirmed by a pulmonolo-
gist/allergist or team physician.

Alcohol is an ergogenic agent of limited use
because it has adverse effects on muscle coordi-
nation, mental alertness, and muscle endurance
due to dehydrating effects. It is a banned sub-
stance in sports where a reduction in heart rate
and fine motor tremulousness is a competitive
advantage. Sodium bicarbonate supplementation
in the hope of reducing lactic acidosis during
competition is not banned as it is not considered
an ergogenic agent. Tribulus is an oriental plant
used by young athletes in the hope of increasing
endogenous testosterone production. However, it
has not been shown to enhance performance in
competitive scenarios and is not banned.

Because diuretics have been used by athletes
to mask the use of other illicit ergogenic agents
in drug-testing scenarios, to reduce the water
retention side effects of other ergogenic drugs,
and to reduce body weight in weight-category-
dependent competition, they are banned. Cho-
line, an amino acid, has been shown to increase
endurance in swimmers. Coenzyme Q-10
(CoQ10) and the oryzanols have equivocal effects
on athletic performance and growth hormone
secretion/antioxidation, respectively. Use of pitu-
itary or synthetic gonadotropin (LH) and chori-
onic gonadotropin (hCG) hormones is considered
an offense if detected at Olympic and qualifying
events. Greater than 1000 ng/mL in the urine is
considered an offense at the Olympic and qual-
ifying events for beta, agonists such as bam-
buterol, clenbuterol, fenotorol, formoterol, repro-
terol, salbutamol, salmeterol, and terbuterol. A
urine concentration of greater than 5 i g/mL for

caffeine is considered an “offense” at the Olympic
level.

DRUG TESTING

As long as products that enhance performance
are available, be athletes will use them, regard-
less of the consequences. Thus, the game of cat
and mouse between screening authorities and
competitors continues. Unscrupulous athletes and
their handlers consistently search for new ways
to beat the system. The screening of athletes for
drug use and misuse was adopted by the IOC in
1965 and formally introduced during the 1968
Olympics. The first comprehensive drug testing
was undertaken at the 1972 Summer Olympics in
Munich. In 1986, the NCAA followed suit and
adopted mandatory drug testing for athletes.
Many other amateur and professional sports orga-
nizations such as the U.S. Powerlifting Federation,
U.S. Tennis Association, Major League Baseball,
National Basketball Association, Professional Golf
Association, National Football League, World Box-
ing Council also have formal drug-testing policies
modeled after the IOC. The policy statements of
these governing organizations provide a list of
banned drugs (Table 12.5) as well as a procedural
testing protocol that describes who should be
tested, when they should be tested and how they
should be tested. Sanctions and punishments for
a positive testing are also described.

Athletic drug screening may be formally
announced, random (unannounced), mandatory,
or based on suspicion. In 1984, less than 1% of
drug tests in the Olympics and 2.5% in the NCAA
were positive when based on formal, announced
screening.?> Random unannounced testing, there-
fore, is felt to more accurately assesses the true
prevalence of drug use and has been shown to
act as a better deterrent to drug use. Bromantan,
epitestosterone, probenicid, and all diuretics are
banned at qualifying and Olympic events because
they are masking agents.



SUMMARY

The use of performance-enhancing substances is
quite common. Clinicians caring for competitive
and recreational athletes should be familiar with
the most common products that are currently in
vogue. It is important to ask whether the products
are safe, whether they are effective, whether they
are legal, and whether their use is ethical. Armed
with this information, athletes can make informed
decisions about the use of performance-enhanc-
ing products.
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INTRODUCTION as they relate to protective equipment. It will

As the number of participants in sports-related
activities has grown exponentially over the past
10 to 20 years, serious athletic injury numbers
have risen concomitantly. Team and individual
contact and collision sports account for a large
proportion of the injuries,'? but recreational and
fitness-related activities are now adding to the
injury statistics at an ever-increasing rate. National
and international governing organizations for var-
ious sports have authorized rule changes mandat-
ing the use of various types of protective equip-
ment depending upon the demands of their
individual sport. In addition, standard specifica-
tions for various types of equipment (e.g., football
helmets) are currently a work in progress. Pro-
fessional organizations such as the American
Academy of Pediatrics (AAP) and the American
Academy of Orthopedic Surgeons (AAOS) have
published recommendations for the use of pro-
tective equipment and have sponsored public
service advertisement campaigns for athletes, par-
ents, coaches, athletic trainers, and physicians. In
this rapidly expanding information explosion, it
is imperative for the sports physician to remain
current with evolving standards. This chapter pri-
marily emphasizes athletic equipment designed
to protect against serious brain injury and mouth,
face, and eye injuries, and it will discuss some of
the safety issues in recreational and fitness activities
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conclude with some information on the use of
prophylactic knee braces in football.

GENERAL PROTECTIVE
EQUIPMENT

Helmets

Concussive injuries to the head remain the great-
est threat to the life and well-being of the ath-
lete.3~* Football, baseball, ice hockey, and lacrosse
helmets are now mandated at all levels of partic-
ipation. Standard specifications continue to evolve
for all helmets. The National Committee on Stan-
dards for Athletic Equipment (NOCSAE), the
American Society for Testing and Materials
(ASTM), the American National Standards Institute
(ANSD), and the Snell Memorial Foundation have
all developed criteria for the performance of hel-
mets when dropped from a specified height onto
a metal anvil in order to simulate the concussive
force experienced by an athlete in competition.
None of these groups has been able to completely
duplicate real-life impact encounters that may
represent not only linear but also rotational
forces. One study of North Carolina high school
football players favored helmets with suspension
support over helmets with padding alone or a
padding-suspension combination.>¢ (Level of Evi-
dence B, epidemiologic study). Newer football
helmets offer protection with a cushion of air in
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two or more separate bladders suspended within
the helmet. The air-padded helmets, in addition
to decreasing the force of impact, also add the
ability to easily custom fit the helmet to a variety
of head sizes. The latest addition to many helmets
is a rigid mandibular extension device designed
to protect the angle of the mandible. Data are
still sparse with regard to its effectiveness in
reducing brain injury, as direct impact to the
device may transmit concussive energy to the
brain.

Helmets also provide some secondary protec-
tive functions. Football helmets interconnect with
shoulder pads and other neck protection devices
such as “cowboy” collars to prevent excessive
neck motion;”® therefore, proper fitting of equip-
ment is very important. The sports physician,
while not likely to be the person who distributes
and fits the equipment, can still exercise a great
deal of influence by recognizing that particular
injuries could be lessened or avoided altogether
with properly fitting equipment. Baseball helmets,
in addition to protecting against impact from balls,
bats, and other players, must also provide some
facial protection. Lacrosse and ice hockey hel-
mets, which are lighter in weight than football
helmets, are purposely designed to provide for a
greater degree of head and neck movement while
still meeting maximum impact standards. All hel-
mets should display some sort of label indicating
certification by either NOCSAE or ASTM.

Data for the use of protective headgear in
soccer and rugby players is still inconclusive®!l.
One of the conclusions from the 2002 Institute of
Medicine Report was that there was no available
evidence to support the mandatory use of helmets
in soccer players (Level of Evidence C, consensus
expert opinion). And one pilot study from the
University of New South Wales in Sydney, Aus-
tralia concluded that current rugby headgear does
not provide significant protection against concus-
sion in rugby union football at a junior level
(Level of Evidence B, cohort study).

Data for bicycle helmets strongly support the
fact that they provide substantial protection from
serious brain injuries for cyclists of all ages,
including those involved in crashes with motor
vehicles. One representative prospective case-
controlled study concluded that bicycle helmets
provided significant protection from all head
injury categories, ranging from mild abrasions to
intracranial hemorrhage and cerebral lacerations
without regard to helmet type (i.e., hard shell,
thin shell, or no shell) (Level of Evidence B, case-
control study).’? A meta-analysis of bicycle helmet
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TABLE 13.1
American Academy of Pediatrics
Recommendations for Helmet Use

Properly fitted bicycle or multisport helmets for cyclists
each time they ride

CPSC certification (March 1999 standards) for all helmets
intended for bicycle use?

Replacement of any damaged or outgrown helmet

Replacement of all helmets at least every 5 years or
sooner if recommended by manufacturer

Appropriately sized helmets for young children who
ride as passengers” either in a bicycle-mounted child
seat or in a bicycle-towed trailer

Prohibit purchase of helmets from yard sales

Mastery of bicycle safety issues by parents and children

4 Helmets manufactured before March 1999 may be used if they
meet either Snell Memorial Foundation or ASTM standards but not
ANSIL.

b Passengers should be old enough to have sufficient muscle strength
to control head movement during a sudden stop (at least 1 year old).

efficacy further supports this conclusion (Level of
Evidence A, meta-analysis).!? As a result of these
findings and others,'*'> the U.S. Consumer Prod-
uct Safety Commission (CPSC) mandated that all
helmets manufactured or imported for sale in the
United States after March 1999 must be able to
withstand a drop from a 2-meter height onto a
metal anvil. Helmets that comply with this stan-
dard display a CPSC approval sticker on the inside
liner. Helmets manufactured or imported before
1999 may be used as long as they have been
certified by ASTM and/or the Snell Memorial
Foundation. If only ANSI certification is available,
the helmet should be discarded because their
drop test was below the 2-meter standard. If a
multisport helmet is promoted (even by implica-
tion) for cycling use, it must also be certified to
comply with the CPSC standards for bicycle hel-
mets.'® To further strengthen support for manda-
tory bicycle helmet use, the American Academy
of Pediatrics issued its recommendations for hel-
met use (Table 13.1), and the AAP has further
issued its recommendations for physician advo-
cacy for universal bicycle helmet use (Table 13.2).
Despite these recommendations, the barriers to
bicycle helmet use persist.!” Excuses for not using
a helmet range from “they’re too hot” to “they’re
ugly” or “they mess up my hair” (Table 13.3).
Despite the nearly 6-fold growth in inline skat-
ing and the increased popularity among U.S. ado-
lescents of skate-boarding and scootering, a rel-
ative paucity of formal data exists regarding the
frequency and severity of injuries and the proven
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TABLE 13.2
American Academy of Pediatrics Physician
Advocacy Recommendations for Helmet Use

Encourage parents and other child-care providers to
require helmet use in children when they first begin to
ride tricycles or other wheeled vehicles or encourage
parents to wear helmets when bicycling.?

Serve as community and legislative advocates for
mandatory bicycle helmet use.

Encourage school districts to make helmets mandatory
when children ride to and from school and during
school-related bicycle rides.

Help develop programs to promote bicycle safety
training that emphasizes helmet use.

Support campaigns to encourage retail sales companies
to carry affordable helmets and include them with the
purchase of every new bicycle.

Encourage and support organizations that promote
helmet use with well-crafted advertisement campaigns.

Urge the popular media to feature celebrity bicyclists
wearing a helmet.

@ Parents and children should also be warned of the dangers of
riding without a helmet.

> This includes mandating bicycle rental agencies to include helmets
as part of the rental contract.

effectiveness of helmets.!®1? In one study of only
841 children, the rate of overall helmet use for
skating activities was 13.6%; 18.2% of inline skat-
ers and 14.3% of skateboarders wore helmets, but
only 11.5% of scooter riders wore them (Level of
Evidence B, observational study).?’ Interestingly,
most children who wore helmets wore them
incorrectly, usually tilted back onto the occiput.
Helmet use by children was positively associated
with helmet use by accompanying children
and/or adults. One other small study reported
that 5% of children who participate in inline skat-
ing sustain head injuries and at least half of them
require hospital admission. While the data for the
protective effect against serious brain injury
remain sparse for skaters and skate- and snow-
boarders, it is probably safe to extrapolate from
the bicycle helmet studies to provide incentive
for physicians to assume a safety advocacy role
(Level of Evidence C, consensus opinion).

Facemasks

As a natural progression from the basic concept
of protecting athletes from the effects of head
injuries during collision and contact sports, eye
and face protection has benefited from the devel-
opment of face masks. Following the Canadian
Amateur Hockey Association’s (CAHA) institution
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TABLE 13.3
Most Frequent Barriers to Bicycle Helmet Use

Children

It's uncomfortable.

I don’t need it.

It's hot.

I don’t own one.

It messes up my hair.

It doesn't fit.

It’s too difficult to put on.

I forgot it.

I outgrew it.

It's funny looking.
Adolescents

It’'s annoying.

It's uncomfortable.

I don’t own one.

It's ugly.

It’s hot.

It's unfashionable.

It's funny looking.

I forgot it.

Friends tease me when I wear it.

It messes up my hair.
Adults

It's hot.

It’'s annoying.

It's uncomfortable.

I forgot it.

I'm not at risk for injury.

It messes up my hair.

It's unfashionable.

It's ugly.

of compulsory use of face masks in amateur
hockey in 1978, a precipitous and persistent
decrease has occurred in the number of eye inju-
ries in hockey and the number of blind eyes
(Level of Evidence B, epidemiologic study).?! Sev-
eral styles of face masks are currently available
for ice hockey. Full-face masks (constructed of
polycarbonate plastic, wire mesh, or a combina-
tion of the two) cover the entire face including
the chin; half-visors cover only the eyes and
extend down to just below the nose. Full-face
masks have offered the best protection since their
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inception and are the type currently mandated
for minor league hockey in Canada. The face
masks that are required must be certified by the
Canadian Standards Association (CSA) and must
display the proper certification label. Half-visors
do offer some protection from direct impact from
a puck or hockey stick but only when worn
correctly with the visor down and the neck strap
securely fastened.

For American football, the American Academy
of Ophthalmology (AAO) and the American Acad-
emy of Pediatrics recommend a full-face polycar-
bonate shield or steel mesh face mask attached
directly to the helmet.?? For functionally one-eyed
athletes, they also recommend wearing racquet
sports eye protection under the helmet and face-
mask. In addition, these two groups recommend
ASTM-approved full-face polycarbonate face
masks for baseball and softball batting helmets.
Baseball catchers should wear a full-face steel
mesh mask whenever they are standing behind
a batter, even when they are just warming up the
pitcher. Men’s lacrosse helmets are required to
provide full-face protection in addition to laryn-
geal protection with a separate neck piece
attached. Steel mesh material is currently the stan-
dard.

Mouthguards

Mandatory use of mouthguards, first instituted by
the National Football Alliance (NFA) in 1962, has
been associated with a significant reduction in
the number of serious orofacial injuries. Other
sports have since mandated this simple addition
to the protective equipment armamentarium with
similar results. Despite this and despite the fact
that the majority of studies have found the mouth-
guard to be the most effective way of preventing
orofacial injuries?, it has continued to be
underutilized in many sports. The American Asso-
ciation of Oral-Maxillary Surgeons (AAOMS) cur-
rently recommends the use of mouthguards in all
collision or contact sports (Table 13.4). Currently,
three types of mouthguards are available (Table
13.5). The stock or off-the-shelf model (made of
either rubber or plastic) is the least expensive but
also offers the least protection. Mouth-formed
protectors are available in most sporting goods
stores. They come as a kit that includes a firm
outer mold and various heat-sensitive moldable
substances, which are poured into the shell. The
shell is then put into the athlete’s mouth to create
a custom fit. These provide a better fit and better
cushioning than the stock variety. The ideal
mouthguard, however, is the custom-made type
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TABLE 13.4

Sports for which the American Association
of Oral-Maxillary Surgeons Recommends
Mouthguard Use

Football
Baseball

Ice hockey
Wrestling
Boxing
Martial arts
Lacrosse
Field hockey
Street hockey

Soccer

TABLE 13.5
Types of Mouthguards

Rubber or plastic prefabricated stock protectors
Mouth-formed protectors

Custom-made plaster-molded mouthguards

constructed from a plaster model of the individ-
ual’s teeth provided by a dentist or oral surgeon.
Wearer comfort plays a major role in the use of
any mouthguard. If a mouthguard is too thick,
not only is it uncomfortable to wear but it also
transmits unacceptable impact energy to other
critical structures, such as the brain. The most
commonly used mouthguard material is ethylene
vinyl acetate (EVA), which, at a thickness of 4
mm, has been shown to provide optimum pro-
tection while providing the best energy absorp-
tion and reduction of transmitted forces (Level of
Evidence B, epidemiologic study).?* The critical
issue is educating physicians and the public about
the benefits of mouthguard use.

SPORT-SPECIFIC PROTECTIVE
EQUIPMENT
See Table 13.6.

Protective Eyewear for Racquet Sports
Racquetball, squash, and handball are responsible
for up to 8% of sport-related eye injuries.”> Bad-
minton accounts for 3.6% and tennis for approx-
imately 1.3%. In tennis, most eye injuries occur
in doubles, especially in older players, but the
approximately 2-oz compressible tennis ball can
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TABLE 13.0
Recommended Protective Equipment for Select Sports

Football Hockey Baseball Cycling Soccer

Helmet + + + +
Headgear
Faceguard + +
Eyeguard
Mouthguard + + 4a
Throatguard + +
Shoulder pads + +
Elbow pads +
Gloves + + +
Chest protector + + +
Hip pads + +
Athletic supporter/cup + + + +
Thigh guards + +
Shinguards + + a
Footwear + + + + +

4 Recommended for goalkeepers.

achieve speeds of over 100 mph, which even a
singles player may not be able to avoid. One
study of eye injuries reported that 7 of 10 patients
with eye injuries from tennis doubles sustained a
retinal detachment requiring retinal surgery, laser
surgery, or both (Level of Evidence B, retrospec-
tive study).?* The 1-oz shuttlecock, which can
achieve a speed of 160 mph, fits perfectly into
the human orbit. Up to 50% of all badminton
injuries seen by ophthalmologists involved some
permanent loss of best-corrected vision.?* Multiple
studies have shown that open eyeguards (Iensless
goggles), street-wear prescription lenses, and
even hardened industrial safety glasses do not
prevent eye injury. The current standard set by
the Protective Eyewear Certification Council
(PECCO) requires polycarbonate protectors that
prevent eye contact from squash or racquetballs
at speeds of 90 mph with impact from either the
front or side. These lenses must also meet pre-
determined standards of clarity and field of vision.

Safety Equipment for Skaters,
Scooterers, and Snowboarders

In addition to the head and serious brain injuries
referenced earlier, wrist and distal forearm frac-
tures represent a substantial proportion of injuries
to inline skaters. The numbers are similar for
skateboarding, but skateboarding injuries tend to
be more severe. The American Journal of Sports

Medicine reported a 1999 study of fresh-frozen
cadaver forearms that found that wrist guards
reduce both volar and dorsal distal radial bone
strain and therefore protect the wrist during low-
energy falls (Level of Evidence B, epidemiological
and biomechanical study).?” They function partly
by sharing the load and partly by absorbing the
energy impact. Although no universal standard
yet exists that recommends acceptable specifica-
tions, preliminary data nevertheless support the
recommendation to use wrist guards for all skat-
ing activities. Elbows and knees are also vulner-
able to skate and scooter injuries.?® Data on the
effectiveness of appropriate protective equipment
are even more scarce, but most clinicians are
currently recommending the use of elbow and
knee pads on a purely empiric basis (Level of
Evidence C, consensus expert opinion). Thus far,
the only evidence has been provided by small
observational studies.

Martial Arts

The martial arts represent a diverse group of
activities initially developed primarily for self-
defense. Current participants engage in a variety
of martial art styles for recreation, exercise, and
sport. Several forms of the martial arts have intro-
duced protective equipment unique to their
requirements. Full-contact karate utilizes foam
rubber protective headgear, body pads, and hand
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and foot pads mainly during competitive sparring
and sport karate.? Kendo participants wear elab-
orate equipment to protect against blows from
bamboo swords. While most injuries occur in
tournament settings,* the risk of serious injury in
the martial arts is low.3! Currently, no universal
safety standards exist for protective equipment in
the martial arts, but it is still highly recommended
for beginners and novices during sparring ses-
sions and for use in tournaments (Level of Evi-
dence C, consensus expert opinion). Face and
headgear and body, hand, forearm, and foot pro-
tection are available as various types of padded
devices constructed from various combinations of
foam rubber, leather, and lightweight plastic. The
choice of equipment required is left up to tour-
nament directors and studio owners.

Soccer

The Fédération Internationale de Football Asso-
ciation (FIFA) currently requires the use of shin
guards as the only piece of protective equipment
for soccer players. The only regulations for shin
guards are that they be commercially manufac-
tured specifically for soccer and that they be worn
under a long sock or stocking, but shin guards
that have padding over the ankle and the Achilles
tendon area do help prevent injuries from direct
blows. In addition, the AAOMS strongly recom-
mends the use of mouthguards in all players.

Prophylactic Knee Braces in Football
Players

The American Association of Orthopedic Surgery
defines four categories of knee braces: (1) pro-
phylactic braces intended to prevent or reduce
serious knee injuries in contact and collision
sports, (2) functional braces designed to provide
stability for unstable knees after injury, (3) reha-
bilitative braces to allow protected but controlled
motion after surgery or during active rehabilita-
tion of injured knees, and (4) patellofemoral
braces to improve tracking of the patella and
relieve anterior knee pain. The prophylactic knee
brace was first introduced into the National Foot-
ball League (NFL) in an attempt to offer protection
for the medial collateral ligament (MCL) during
valgus stresses to the knee and to support the
cruciate ligaments during rotational stress. These
braces have either bilateral or unilateral bars with
straps for attachment to the leg. Some are single
hinged, some are double hinged. They are gen-
erally designed to absorb some of the impact of
physical contact and decrease the force applied
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to the MCL by 10 to 30%. Players who were
thought to benefit from such braces are the inte-
rior front linemen. Multiple studies have yielded
insufficient evidence to recommend prophylactic
knee bracing, especially in the young athlete
(Level of Evidence B, epidemiologic studies).?-3
In a position paper issue by the AAOS in 1997,
the routine use of prophylactic knee braces was
discouraged.® The main reason cited was the lack
of data to support their use. Some studies have
even suggested that such braces may be contrib-
uting to knee injuries (Level of Evidence B, epi-
demiologic studies).

SUMMARY

Protective equipment standards continue to
evolve as equipment technology advances and as
more and more data accumulate supporting the
effectiveness of the safety equipment available. A
variety of professional organizations have made
recommendations for the use of protective equip-
ment, but, unless mandatory use of at least hel-
mets for high-risk sports activities is forthcoming,
serious preventable injuries will continue to
present themselves to primary care and specialty
providers.
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INTRODUCTION Primary care physicians are familiar with the

Physical inactivity is one of the leading predictors
of mortality in the United States (Level of Evi-
dence A, quantitative systematic review).! Two of
every three adults do not engage in regular phys-
ical activity, and one in four is completely sed-
entary.? As a result of this pandemic of physical
inactivity, two of three American adults and one
of six American children are currently classified
as being either overweight or obese.? The rising
trend of physical inactivity is so significant that
this area has been designated as one of the top
two health indicators for Healthy People 2010,* a
national initiative designed to promote healthy
lifestyle choices in the general public.

sequelae of physical inactivity. Diabetes,* coro-
nary artery disease,’> hyperlipidemia,® hyperten-
sion,” and certain cancers® have all been associ-
ated with physical inactivity (Level of Evidence
B, large cohort studies). Age, social class, and
previous experience also impact an individual’s
attitude, motivation, and response to physical
activity.? These are important factors to consider
when designing an individual exercise prescrip-
tion. A comprehensive exercise prescription also
includes consideration of other health behaviors
such as tobacco use and dietary habits. Physical
activity counseling is a brief preventive interven-
tion within the office. The U.S. Preventive Health
Task Force currently states that the evidence is

* The opinions contained herein are those of the authors. They are not official policy of the Uniformed Services University, the Department
of the Navy, the Department of the Army, or the Department of Defense.
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TABLE 14.1
Overcoming Activity Barriers

PHYSICAL ACTIVITY COUNSELING

Roadblock

Strategy for Overcoming Roadblock

I am usually too tired to exercise.

The weather is too bad.

I can’t afford a health club

Exercise is boring.

I get sore when 1 exercise.

I do not enjoy exercise.

I'm afraid of getting hurt.

I'm not any good at exercise.

I do not have time.

Regular activity actually improves your energy level.

Many activities can be done in the comfort of your home, no matter what
the weather.

You do not need a health club to be physically active; walk around the
mall, use public facilities, find others to join you in an activity group.

Try listening to music or exercising with a friend or family member.

Slight muscle soreness after physical activity is common when just starting
out; limit this by starting slowly, building up gradually, and stretching before
and after each activity.

Don't “exercise.” Try becoming physically active through any hobby or
enjoyable activity that gets you moving.

Make sure you wear proper clothing and footwear; do not exercise on
uneven terrain or push yourself beyond your limits.

You do not have to be good at exercise to walk. Start low and go slow; as
you develop confidence and establish a pattern of activity, try new things.

Thirty minutes a day is equivalent to a half-hour television show; can you

give up one show per day?

Source: Adapted from Patrick, K., Sallis, J.F., Long, B., Calfas, KJ. et al., Sportmed., 22, 45-55, 1994.

insufficient to recommend for or against routine
behavioral counseling within primary care set-
tings to promote physical activity.!® An exercise
prescription, on the other hand, refers to a formal,
written document based on history, physical
examination, clinical exercise testing, and specific
patient goals. The exercise prescription is
designed to provide patients with specific infor-
mation regarding the frequency, intensity, type,
and duration of physical activity with specific
objectives in mind.

HISTORY

A thorough and accurate clinical history is one
of three cornerstones upon which a formal exer-
cise prescription is based. In addition to the
patient’s medical history, there are multiple social,
cultural, familial, environmental, and personal fac-
tors that must be taken into consideration when
developing an individualized exercise prescrip-
tion. For instance, it is normal for adults to
become less active as they age. Adults also often
perceive themselves as being too busy to exercise
(Table 14.1).!! Women are less likely to exercise
than men. Minority populations, individuals from
low-income families, and adults with physical dis-
abilities are less likely to engage in regular phys-
ical activity (Level of Evidence B, cohort stud-
ies).’? Adults who watch more than 4 hours of
television a day are more than four times as likely

to be obese.’® Adults who spend significant
amounts of time using a computer are also less
physically active and more often obese.!* Each of
these factors provides an important contextual
framework upon which the exercise prescription
is based.

Medical History

A thorough medical history is an essential element
of the exercise prescription. Patients should doc-
ument all medical diagnoses that might impact
on their ability to exercise. Specifically, it is impor-
tant to ask about and document a prior history
of coronary artery disease, hypertension, diabetes,
hyperlipidemia, peripheral vascular disease,
asthma, chronic obstructive pulmonary disease,
cancer, or musculoskeletal disease. Patients
should be asked whether or not they have any
known abnormalities on physical examination. If
any suspicious history is documented, further
evaluation is particularly indicated prior to initi-
ating a new program of regular physical activity.

Activity History

It is important to determine the patient’s experi-
ential base of exercise and physical activity. Has it
been with formal programs and sports or recre-
ational or occupational in nature? It is also impor-
tant to ask about a prior history of musculoskeletal
injury, which can target recommendations for



injury prevention. Patients should also be asked
to describe their current pattern of exercise. Spe-
cifically, it is important to determine whether or
not patients obtain at least 30 minutes of moderate
physical activity on a daily basis. Patients should
describe physical activity related to their lifestyle
or occupation as well. It is also important to ask
patients to describe current television, computer,
and video viewing habits. At the outset, patients
should be asked what specific goals they have.
Are they interested in losing weight, improving
cardiovascular endurance, improving muscular
strength, decreasing cardiovascular risk, or
improving their overall health?

PHYSICAL EXAMINATION

The physical examination is the second corner-
stone upon which formal exercise prescriptions
are based. The physical examination should be
conducted in a standard fashion. Blood pressure,
height, and weight are recorded in the standard
fashion. From this information, the body mass
index (BMD is easily calculated from the standard
formula:

BMI = weight (kg)/height (m)?

The body mass index is now well recognized as
a standard means of expressing body composi-
tion. For adults, a body mass index of 20 to 24.9
is considered normal. An adult with a BMI
between 25 and 29.9 is considered overweight.
Individuals with a BMI of greater than 30 are
considered to be obese.

When performing the general physical exam-
ination, paying particular attention to the cardiop-
ulmonary, musculoskeletal, and neurological sys-
tems is important. The goal is to screen for
conditions that would merit further evaluation
prior to beginning an exercise program. Specifi-
cally, the cardiopulmonary exam should include
documentation of pulses (rate and rhythm); aus-
cultation for murmurs, rubs, gallops, and clicks;
auscultation of lung fields; and peripheral pulses.
The musculoskeletal examination should focus on
the range of motion of all major joints as well as
the presence of pain and/or swelling. The abdom-
inal examination should focus on the presence
of organomegaly, tenderness, bruits, or masses.
An extremity examination should be performed
to rule out edema. If areas of concern are iden-
tified, further evaluation is appropriate prior to
initiating a new exercise program.

Who needs clinical exercise testing prior to
beginning a program of physical activity? Clinical
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TABLE 14.2
Risk Stratification

Risk Category  Description

Low risk Men under the age of 45 and women
under the age of 55 who are
asymptomatic and have a maximum

of one clinical risk factor

Moderate risk ~ Men over the age of 45 and women
over the age of 55 or individuals who

have two or more clinical risk factors

Individuals who are either
symptomatic® or who have known
cardiopulmonary disease

High risk

4 Symptoms include exertional chest pain, exertional dyspnea, exer-
tional syncope, palpitations, and claudication.

Source: Adapted from American College of Sports Medicine, ACSM'’s
Guidelines for Exercise Testing and Prescription, 6th ed., Lippincott
Williams & Wilkins, Philadelphia, PA, 2000.

exercise testing is the third cornerstone upon
which formal exercise prescription is based. An
accurate decision regarding the need for clinical
exercise testing requires information from the his-
tory and physical examination. Several useful clin-
ical tools are also available to assist clinicians
when confronted with the question of who needs
clinical exercise testing prior to beginning a pro-
gram of regular physical activity.

One approach, endorsed by the American Col-
lege of Sports Medicine (ACSM) is based on the
concept of clinical risk stratification (Level of Evi-
dence C, consensus opinion).? Using information
from the patients’ past medical history and phys-
ical examination, individuals are categorized into
three categories: low, moderate, and high risk
(Table 14.2). Patients who are low risk do not
need a formal clinical exercise test before begin-
ning a program of regular physical activity. For
these patients, physical activity counseling is suf-
ficient. Those who are moderate risk require clin-
ical exercise testing only if they plan to only
engage in activities that are vigorous in intensity.
All high-risk patients should have clinical exercise
testing performed before beginning a program of
regular exercise (Table 14.3). The clinical exercise
test provides important diagnostic and therapeutic
information (e.g., maximum heart rate) directly
pertinent to the exercise prescription.

PHYSICAL ACTIVITY
GUIDELINES: A PRECURSOR

TO EXERCISE PRESCRIPTION

The health benefits of physical activity are well
recognized. Individuals who are physically active
have lower rates of all-cause mortality,'> improved

PRINCIPLES OF HEALTHY EXERCISE
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TABLE 14.3

Clinical Exercise Testing

PHYSICAL ACTIVITY COUNSELING

Indications for Exercise Testing

Contraindications to Exercise Testing

Evaluation of patients with suspected coronary artery
disease

Typical angina pectoris
Atypical angina pectoris

Evaluation of patients with known coronary artery
disease

Following myocardial infarction
Following therapeutic intervention
Screening of healthy, asymptomatic patients

Individuals in high-risk occupations (pilots, firefighters,
law enforcement officers, mass transit operators, etc.)

Men over age 40 and women over age 50 who are
sedentary and plan to start a vigorous exercise program

Individuals who are identified as being-at risk based on
multiple cardiac risk factors or concurrent chronic
diseases

Evaluation of exercise capacity in patients with valvular
heart disease (excluding severe aortic stenosis)

Evaluation of patients with cardiac rhythm disorders

Evaluation of exercise-induced arrhythmia and response
to treatment

Evaluation of rate-adaptive pacemaker setting

Absolute contraindications

Recent myocardial infarction

Unstable angina

Acute myocarditis/pericarditis

Acute systemic infection

Symptomatic heart failure

Symptomatic aortic stenosis

Relative contraindications

Severe hypertension (uncontrolled)
Persistent arrhythmias (poorly controlled)
Obstructive cardiomyopathy
Uncontrolled diabetes or thyroid disease

Systemic neuromuscular, musculoskeletal or
rheumatologic disease that limits the patient’s ability to
exercise

Heart block (second- or third-degree atrioventricular
block)

Stenotic valvular heart disease

Undifferentiated electrolyte abnormalities
(hypokalemia, hypomagnesemia, etc.)

Source: Adapted from American College of Sports Medicine, ACSM’s Guidelines for Exercise Testing and Prescription, 6th ed., Lippincott
Williams & Wilkins, Philadelphia, PA, 2000, and Gibbons, RJ., Balady, G.J., and Beasley, J.W., J. Am. Coll. Cardiol., 30, 260-311, 1997.

psychological well being,'® lower rates of cardio-
vascular morbidity,> and a reduced risk of devel-
oping diabetes,* hypertension,” and certain
cancers® (Level of Evidence B, cohort studies).
Additionally, physical activity promotes bone,
joint, and muscular health; enhances work per-
formance capability; and is associated with
improved self-esteem.

It is recommended for all Americans to engage
in regular physical activity of moderate intensity
for at least 30 minutes on most, preferably all,
days of the week according to their individual
abilities.”” This guideline is important in that it
suggests that the benefits of physical activity can
be accumulated in relatively short bouts through-
out the course of the day, as opposed to single
daily “training” sessions. Repetitive bouts of activ-
ity, as short as 8 to 10 minutes totaling 20 to 60
minutes a day, have a cumulative effect and pro-
vide significant health benefit (Level of Evidence
C, consensus statement).'®

During the past decade, attention has moved
away from exercise training toward health-related

“lifestyle activities” such as stair climbing, brisk
walking, housework, yard work, or other recre-
ational activities. Health-related gains can be real-
ized with mild-to-moderate levels of activity, par-
ticularly in previously sedentary individuals.
Moderate-to-vigorous levels of physical activity,
however, are still recommended for individuals
who wish to achieve higher levels of cardiovas-
cular conditioning. In short, any level of physical
activity is beneficial for health, but more does
appear to be better. These guidelines also recom-
mend that activities promoting muscular strength
and flexibility also be included to improve bal-
ance, strength, and coordination.!

Recognizing the importance of physical activity
in combating chronic disease, the U.S. Depart-
ment of Health and Human Services has made
physical activity one of the leading health indi-
cators by which the nation’s health will be mea-
sured over the next decade. The specific goals of
Healthy People 2010 are to reduce the burden of
chronic disease and to improve health, fitness,
and quality of life by increasing daily physical



PUTTING THE GUIDELINES TO WORK

Name:

Age:

Medications:

Type of physical activity:
Frequency:
Duration:
Intensity:  Training heart range:
Maximum heart rate:
Special instructions:

Precautions:

Risk factors to work on:

Reevaluation date:
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Date:

(Doctor’s signature)

(Patient’s signature)

(Guardian’s signature, if applicable)

Figure 14.1 Suggested exercise prescription form.

activity. The following points can be summarized
from current guidelines (Level of Evidence C,
expert opinion):37

®  All individuals should engage in at least
20 to 60 minutes of physical activity of
moderate intensity on most, preferably all,
days of the week.

B Additional health benefits can be achieved
by increasing the time spent in moderate-
intensity activity or by increasing the
intensity of the activity.

B Activities that promote muscular strength
(resistance training) should be performed
at least twice a week.

B Previously inactive men over age 45,
women over age 55, and people at high
risk for coronary artery disease should
consult a physician prior to beginning a
new exercise program, especially if they
plan to incorporate wvigorous physical
activity into their routine.

PUTTING THE GUIDELINES

TO WORK: THE EXERCISE
PRESCRIPTION

General physical activity guidelines provide a
solid foundation for activity counseling within the
context of an office visit. An exercise prescription
is analogous to any other medical prescription.!®

TABLE 14.4
Components of an Exercise Prescription:
The “FITT” Principle

Frequency

Intensity

Type of activity
Resistance training
Cardiovascular training
Flexibility

Time (duration of activity)

It gives patients clear instructions regarding how
to dose their exercise routine. Specifically, the
exercise prescription must address the frequency,
intensity, type, and time (duration) of exercise
each patient is to perform. These components of
the exercise prescription are easily remembered
as the FITT principle (frequency, intensity, type,
and time; see Table 14.4 and Figure 14.1).

Frequency

All patients should strive to be physically active
every day. This is particularly true for patients
who are most interested in improving their overall
general health. Although improvements in cardio-
respiratory conditioning are possible in previously
sedentary individuals who exercise only once or

PRINCIPLES OF HEALTHY EXERCISE
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twice a week, programs with such limited activity
are ineffective at increasing stamina and are often
abandoned. Individuals interested in improving
cardiovascular endurance should exercise three
or four times per week. More than four exercise
sessions per week do not provide any added
benefit in terms of cardiovascular fitness, but this
many sessions may increase the risk of injury.

Intensity

Exercise intensity represents the central compo-
nent of the exercise prescription. Intensity repre-
sents the strength of the training stimulus. In
general, the benefits of physical activity follow a
typical dose-response curve. Previously sedentary
patients and others who are interested in health-
related physical fitness should always begin at
low intensities, typically 40 to 50% of their max-
imum aerobic capacity (VO,,,); patients inter-
ested in improving cardiovascular endurance
should exercise at between 50 and 85% of VO,,,..
VO, represents the maximum amounts of oxy-
gen that an individual can breathe in, transport
to metabolically active tissues, and use for pro-
ductive work during maximal exertion. VO, .
can be measured directly during clinical exercise
testing or estimated using several simple tools
such as target heart rates, ratings of perceived
exertion, or the talk test (discussed below). The
intensity of activity must also be specifically tai-
lored to the patient’s goals.

Target Heart Rate

At moderate levels of exercise a linear relationship
exists between heart rate and VO,_,.. The patient
must be comfortable taking his or her own pulse.
If individuals have a difficult time finding their
pulse, commercial heart rate monitors are also
available. The most common areas for a pulse
check during exercise are the distal radial artery
and the carotid artery. Patients should be
instructed to count the number of pulsations in
15 seconds and multiply this number by four to
determine their heart rate in beats per minute
(bpm). Maximum heart rate can either be mea-
sured directly during clinical exercise testing or
calculated based on the patients’ age.

Maximum heart rate (MHR) = 220 — patient age

For the exercise prescription, patients should be
instructed to keep their heart rate within the target
zone for the duration of their training session.
The most common target heart rate range is
between 40 and 80% of maximal heart rate.

PHYSICAL ACTIVITY COUNSELING

Patients who are new to their exercise prescrip-
tion should exercise toward the lower portion of
the target zone. The target zone is easily modifi-
able if patients are on cardioactive medications
and can be readily adjusted as patients become
more conditioned with continued exercise.

Heart Rate Reserve

A modification of the target heart rate range is
the heart rate reserve. This formula compensates
for individual differences in resting heart rate. The
heart rate reserve is calculated by subtracting the
patient’s resting heart rate from his or her age-
predicted maximum heart rate (220 — age):

Heart rate reserve (HRR) =
Maximum heart rate — resting heart rate

Heart rate reserve (HRR) =
[(220 — age) — resting heart rate]

The target heart rate range (THRR) is calculated
by multiplying the desired training intensity (typ-
ically 40 to 80%) by the heart rate reserve and
then adding the resting heart rate:

THRR = [(MHR — RHR) X % training heart rate]
+ resting heart rate

THRR = [(HRR) X training intensity]
+ resting heart rate

For example, a 45-year-old male has a resting
heart rate of 85 beats per minute (bpm). His
calculated maximal heart rate is 220 bpm - 45
bpm = 175 bpm. His heart rate reserve is 175
bpm — 85 bpm = 90 bpm. He plans exercise at
40 to 60% of his maximal capacity. Using the heart
rate reserve formula, his target heart rate range
is 121 bpm to 139 bpm. Note that this rate is
slightly higher than if it were based on the age-
predictable maximum heart rate. The target heart
rate range is a useful concept that patients can
use to monitor exercise intensity.

Rating of Perceived Exertion

For patients who are not interested in using the
target heart rate or are uncomfortable taking their
pulse, self-ratings of perceived exertion (RPE) are
another useful tool for prescribing activity inten-
sity (Table 14.5). As with the association between
heart rate and VO,,, scales of perceived exertion
are also based upon a relatively linear association
between heart rate and the level of perceived
physical exertion.? The scale of perceived exertion
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TABLE 14.5
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Borg Scale of Perceived Exertion®s

Traditional Borg RPE Scale

Modified Borg RPE Scale

6

Very, very light
8
9  Very light

10

11  Fairly light

12

13 Somewhat hard
14

15 Hard

16

17 Very hard

18

19 Very, very hard

Nothing

)

Extremely weak
Very weak
Weak

Moderate

Strong

Very strong

N N - S - SV R

[y
(w}

Very, very strong (maximal)
11

12 Absolute maximum

Source: Borg, G.A., Borg’s Perceived Exertion and Pain Scale, Champaign, IL,

Human Kinetics, 1998. With permission.

are very useful for assessing exercise intensity,
particularly for individuals on medications that
slow the heart rate (e.g., beta blockers, certain
calcium channel blockers) or patients with abnor-
mal cardiac rhythms (e.g., atrial fibrillation, atrial
flutter). For example, using the original scale of
6 to 20, it is easy to teach patients the concepts
of rest (scale = 6) and maximal exertion (scale =
20). Based upon these anchors, patients can grade
their exercise intensity in a relatively linear fash-
ion from light to moderate to difficult. The relative
perception of intensity of each patient is a repro-
ducible level that can be used reliably for exercise
prescription. The concept of perceived exertion
is easiest to reinforce during the clinical exercise
test but can be taught to anyone.

Talk Test

Using this tool, patients should be instructed to
exercise to a level where they are able to carry
out a conversation without undue breathlessness.
Using the principle of the talk test, it is relatively
easy to ensure that patients do not exceed their
ventilatory threshold (the intensity of exercise
whereby respiratory rate markedly increases in
an attempt to buffer lactate accumulation from
exercising muscle). For example, patients who
are exercising at a moderate intensity should be
able to engage in conversation with an exercise
partner without stopping or slowing down to

catch their breath. A useful variation of the talk
test is the talk—sing test. Using this variant, patients
are instructed to exercise at an intensity where
they can comfortably talk but would be unable
to sing. Here again, the principle is to ensure that
patients exercise at an adequate intensity without
exceeding the ventilatory threshold.

Type (Choice of Activity)

When writing an exercise prescription, the type
of physical activity should be based on each
individual’s interests as well as his or her current
level of fitness. It is also important to recommend
a variety of activities to maintain patient interest
and discourage boredom. Activities should
employ large-muscle groups that are used in con-
tinuous and rhythmic motion. By far, the most
common physical activity is walking. Walking is
an excellent way to begin an exercise prescrip-
tion. Walking requires no specialized equipment
or exercise facilities. Walking can also be used as
both a fitness activity and a lifestyle activity.
Examples of fitness activities include traditional
sports and recreational activities such as swim-
ming, running, basketball, tennis, or bicycling.
Lifestyle activities include walking, yardwork,
housework, and stair climbing. Both types of
activity can be used to provide an adequate exer-
cise stimulus. The choice of activity depends on
each patient’s goals and preferences. Depending
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on availability, accessibility, and affordability,
patients can also use specialized facilities such as
gymnasiums, pools, and fitness centers to increase
the variety of their exercise program (Tables 14.6
and 14.7).

Time (Length of Activity Sessions)
The goal for every individual is 30 to 60 minutes
of physical activity each and every day. Short,
intermittent bouts of low-intensity exercise can
be accumulated throughout the day? and are use-
ful for improving overall health. Individuals who
are interested in developing cardiorespiratory fit-
ness or increasing their VO,, .., however, must
exercise at progressively greater intensities for
increasingly longer periods of time. Individuals
who are just beginning an exercise program can
be safely instructed to limit their initial activity
sessions to 10 to 15 minutes. This helps reduce
the risk of injury and assists patients with accli-
mation to an increasingly active lifestyle. Once
patients are comfortable with this routine, they
should be instructed to gradually increase their
activity sessions to the recommended 30 to 60
minutes. A common strategy is to have patients
perform an initial warm-up period of 5 to 10
minutes. During the warm-up, patients should
engage in light calisthenics and stretching activi-
ties in preparation for more strenuous activity.
The actual training or activity session follows the
warm-up and should be 20 to 40 minutes in length
depending on the patient’s level of interest and
ability. Following the activity session, patients
should spend an additional 5 to 10 minutes per-
forming cool-down activities. While this tradi-
tional paradigm has never been shown to aug-
ment patient compliance or reduce the rate of
musculoskeletal injury, it is familiar to many
patients and can add variety to the exercise rou-
tine. To avoid injury, patients should be instructed
to gradually increase the frequency, duration, and
intensity of their exercise sessions over a period
of several months.

MUSCULAR STRENGTH AND
CONDITIONING

The most recent guidelines from the American
College of Sports Medicine? regarding exercise
prescriptions specifically recommend that muscu-
lar conditioning be included for all patients (Level
of Evidence C, consensus statement). Adequate
muscular conditioning is essential for patients to
perform their routine activities of daily living with-
out undue fatigue or strain. The exercise prescrip-
tion, therefore, should include activities that focus
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on muscular strength and muscular conditioning.
Muscular endurance is the ability of a muscle
group to engage in repetitive movements without
undue fatigue or strain. Muscular strength is the
ability of an individual muscle group to move a
maximum resistive force. Adequate muscular
strength and endurance are both necessary for
optimal performance of the routine activities of
daily living.

FITT Principle for Muscular
Conditioning

The same FITT principle used for the cardiovas-
cular exercise prescription can be used to pre-
scribe muscular conditioning activities.

Frequency

Muscular conditioning activities, for either mus-
cular strength or conditioning, should be per-
formed two or three times per week.? A common
strategy is for individuals to work on upper
extremity resistance training one day of the week
and lower extremity training another day of the
week.

Intensity

The intensity of muscular conditioning is
expressed in terms of resistance and repetitions.
Muscular endurance is developed using light
resistance with many repetitions. Muscular
strength is developed using greater resistance and
fewer repetitions. Intensity is expressed as a func-
tion of an individual’s repetition maximum (RM).
One RM is the maximum amount of weight for
a particular exercise that the individual can lift
once using proper technique; 12 RM is the
amount of weight the individual can lift 12 times
to the point of muscular fatigue using proper
technique. To develop muscular strength requires
the use of greater resistance and fewer repetitions.
For example, individuals training the upper
extremity can perform exercises for each major
muscle group using two to three sets of a 3-RM
to 5-RM resistance. To develop muscular endur-
ance, a lower resistance and greater numbers of
repetitions are recommended; commonly, this
would include two to three sets using an 8-RM
to a 20-RM resistance.

All muscular conditioning exercises should be
performed at a rhythmical pace through a full
range of motion without undue strain or exertion.
Breath holding should be avoided during lifting
activities. For individuals who are uncomfortable
in the gym, or cannot afford membership to a
fitness club, many simple activities to develop
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TABLE 14.6
Approximate Energy Expenditure for Common Physical Activities
Energy Recreation Occupation
1.5-2 MET Standing Shaving/dressing/showering

4-7 mL O,/min/kg
2-2.5 kcal/min

2-3 MET
7-11 mL O,/min/kg

2.5~4 kcal/min

Aerobic Threshold
3—4 MET

11-14 mL O,/min/kg
4-5 kcal/min

Card playing
Sewing/knitting

Flying, motorcycling

Walking (1-2 mph/1.6-3.2 kph)

Model ship building

Bed exercise

Golf (powercart)
Bowling, billiards

Darts, piano playing

Fishing (standing, sitting), croquet

Power boating, shuffleboard

Skeet shooting, light woodworking
Walking (2-3 mph/3.2-4.8 kph)

Cycling (5 mph/8 kph)
Shopping

Kayaking, rowing, canoeing
(2.5 mph/4 kph)

Horseback riding (walk)

Horseshoe pitching

Calisthenics (light)
Fly fishing
Archery

Badminton (doubles)/tennis (triples)

Sailing (small boat)

Ice boating

Horseback riding (trot)
Badminton (social doubles)
Softball (noncompetitive)
Music (energetic)

Golf (pulling bag cart)

Volleyball (six-man noncompetitive)

Walking (3-3.5 mph/5-5.8 kph)

Cycling (6 mph/10 kph)

Desk work

Electric typing/writing
Auto driving

Dusting/light housework
Calculator machine operation
Watch repair

Light assembly work
Hammering

Car washing

Auto repair

Kneading dough

Manual typing
Ironing/tailoring
Bartending

Heavy level work, dredge
Riding power lawn mower
Television, radio repair

Crane operator

Upholstering
Using hand tools
Cleaning/scrubbing/waxing

Washing/polishing/sanding

Janitorial work

Brick laying/plastering

Twisting cables/pulling on wires

Raking leaves

Machine assembly
Hitching trailers
Cranking up dollies
Mopping/hanging wash
Window cleaning

Light plumbing
Welding (moderate)
Plowing, tractor
Trailer-truck driving

Light lawn mower pushing
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TABLE 14.6 (CONTINUED)
Approximate Energy Expenditure for Common Physical Activities

Energy Recreation Occupation
Wheelbarrow (100 Ib or 45 kg); assembly
line work (light or medium, parts
appearing at an approximate rate of
500/day or more); lifting a 45-1b/20-kg
part every 5 min or so)
Stocking shelves, packing or unpacking
light or medium objects

4-5 MET Table tennis Heavy machine repair

14-18 mL O,/min/kg
5-6 kcal/min

5-6 MET
18-21 mL O,/min/kg
6-7 kcal/min

6-7 MET
21-25 mL O,/min/kg
7-8 kcal/min

Golf (carrying bag)

Dancing (social)

Tennis (doubles)

Badminton (singles)

Calisthenics (moderate)

Swimming (light)

Tetherball

Baseball (noncompetitive)

Walking (3.5-4 mph/5.8-6.4 kph)
Cycling (6.5-8 mph/10.4-12.8 kph)

Kayaking, rowing, canoeing
(3 mph/4.8 kph)

Weight training (light to moderate)
Hunting (small game)

Fishing (wading)

Softball (competitive)

Horseback riding (posting at a trot)
Soccer (noncompetitive)

Walking (4 mph/6.4 kph)

Ice/roller skating (9 mph/15 kph)
Cycling (8-8.5 mph/12.8-13.6 kph)

Kayaking, rowing, canoeing
(4 mph/6.4 kph)

Backpacking (5 1b/2.2 kg)
Tennis (singles)

Scuba diving (warm water)

(farm, airplane, plumbing)
Using powersaw on hardwood
Pushing a power mower/cart/dolly
Gardening/hoeing

Baling hay

Carpentry (light)

Painting

Masonry

Paperhanging

Interior repair/remodeling
Stair climbing (slow)

Putting in a sidewalk

Carrying trays/dishes

Gas station mechanic

Military marching

Lifting and carrying 20—44 1b/9-20 kg
General heavy industrial labor
Walking from room to room
Pumping tire

Plowing with a horse

Garden digging

Shoveling light earth

Stair climbing (moderate)

Exterior remodeling or construction

Shoveling 10 1b or 4.5 kg 10x/min
Snow shoveling

Mowing lawn (push mower)
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Approximate Energy Expenditure for Common Physical Activities
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Energy Recreation Occupation
Downbhill skiing (light) Splitting wood
Water volleyball Using pneumatic tools
Ski touring (2.5 mph/4 kph) Carrying/lifting 45-04 1b/20-29 kg
Calisthenics (heavy) Spading
Water skiing
Cycling (9 mph/14.4 kph)
Badminton (competitive)
Walking (5 mph/8 kph)
Cross-country hiking
Dancing (rumba, square)
Swimming (moderate)
7-8 MET Horseback riding (gallop) Stair climbing (fast)

25-28 mL O,/min/kg
8-10 kcal/min

8-9 MET
28-32 mL O,/min/kg
10-11 kcal/min

Snowshoeing (3 mph/4.8 kph)
Sledding/tobogganing

Ice hockey

Touch/flag football

Paddle ball

Swimming (fast)

Mountain climbing

Basketball (nongame)
Walking (6 mph/9.6 kph)
Cycling (12 mph/19 kph)

Kayaking, rowing, canoeing
(5 mph/8 kph)

Jogging (5 mph/8 kph)

Downbhill skiing (vigorous)
Aerobic dance

Light sparring (boxing, martial arts)
Fencing

Scuba diving (cold water)
Handball (social)

Endurance motorcycling

Basketball (vigorous)

Soccer (competitive)

Squash (social)

Running (5.5 mph/9 kph)

Cycling (13 mph/21 kph)

Ski touring (4 mph/6.5 kph) in loose snow
Backpacking (30 lbs/14 kg)

Rope jumping (60-80/min)

Ditch digging

Hand saw/ax on hardwood

Carrying or lifting 65-84 1b/30-38 kg
Laying railroad track

Carrying 20 1b/9 kg up stairs

Carrying/lifting 85-100 1b/39—45 kg
Shoveling 14 1b or 6 kg/10x/min
Tending furnace

Using a pick

Using bar, sledgehammer

Climbing a ladder or stairs

Moving or pushing desks, file cabinets

Stocking furniture; also pushing against
heavy spring tension
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TABLE 14.6 (CONTINUED)
Approximate Energy Expenditure for Common Physical Activities

Energy Recreation Occupation
Weight training (heavy)
10+ MET Basketball (competitive) Shoveling 16 1b or 7 kg 10x/min

32+ ml O2/min/kg

11+ kcal/min

Hunting (big game)

Heavy sparring (boxing, martial arts)
Ski touring (5+ mph/8+ kph)
Running, 6 mph = 10 MET

Running, 7 mph = 11.5 MET
Running, 8 mph = 13.5 MET
Running, 9 mph = 15 MET

Running, 10 mph = 17 MET
Cycling, 14 mph = 10 MET

Cycling, 15 mph = 11.5 MET
Cycling, 16 mph = 12.5 MET
Swimming 850 yd/18-20 min = 10 MET

Swimming (crawl) 950 yd/20-22 min = 11
MET

Swimming 1000 yd/20-22 min = 12 MET
Paddleball or racquetball (competitive)

Rope jumping (120-140/min)

Heavy labor
Ax chopping (heavy)

Snowshoeing

Judo

Squash (competitive)
Handball (competitive)
Gymnastics

Spaceball
Trampolining
Wrestling

Backpacking (heavy)

muscular strength and endurance can be easily
performed at home. For example, the use of
rubber tubing can develop dynamic muscular
strength. Many common objects found around the
home can also be used as a substitute for free
weights. Use of the patient’s body weight as the
resistive force (for example, push-ups, sit-ups, or
chin-ups) is also very effective.

Type

This refers to the specific muscular conditioning
activity. Muscular strength and endurance are
most commonly developed using either free
weights or resistance machines. Small hand-held

weights, wrist/ankle weights, and therapeutic tub-
ing can also be used for resistance training.

Time

Whereas time refers to the amount of time spent
engaged in an activity for purposes of cardiovas-
cular fitness, for muscular conditioning it refers
to the number of repetitions performed. Typically,
several groups of repetitions referred to as a set
are performed during muscular conditioning ses-
sions. Typically, two sets are performed for each
muscle group. For example, if an individual
engages in two weekly muscular strength or
endurance sessions per week, a common strategy
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TABLE 14.7

Energy Expenditure of Common Activities
Activity MET® Kilocalories per hour”
Aerobic dancing 69 440-660
Canoeing (leisure) 3-6 220-440
Cycling <10 mph 36 220-440
Cycling >10 mph 6-8 440-600
Dancing 3-7 220-510
Desk work 1.5-2.5 110-180
Fishing (sitting) 1.5-3 110-220
Fishing (standing/casting) 36 220-440
Football, touch 6-10 440-740
Golf (walking) 2-3 150-220
Handball 8-12 600-880
Hiking, cross-country 3-7 220-510
Lawn mowing 3-8 220-600
Running at 5 mph 8.7 640
Running at 6 mph 10.2 750
Running at 10 mph 16.3 1200
Shoveling 4-7 300-510
Skiing, cross-country 6-12 440-880
Skiing, downhill 5-8 370-600
Soccer 5-12 370-880
Softball 36 220-440
Stair climbing 4-8 300-600
Swimming (moderate) 4-6 300-440
Swimming (fast treading) 6-8 440-600
Tennis 49 300-660
Volleyball 36 220440
Walking at 2 mph 2 150
Walking at 4 mph 4.5 330
Walking at 4 mph uphill 6 440

* MET refers to a metabolic equivalent; 1 MET is the resting metabolic rate,
equivalent to the consumption of 3.5 mL of O,/kg/min.

b Kilocalorie expenditure is based on a body weight of 70 kg (154 1b).

is to focus on the upper extremity during one
session and focus on the lower extremity during
the other.

SUMMARY

When writing an exercise prescription, physicians
must always consider each patient’s goals and
objectives. Physical activity has an unparalleled
impact on health and disease. Physical activity
should be a routine part of everyone’s lifestyle.

Prescribing regular physical activity has a pro-
found impact on the ability of patients to live
better and healthier lives. No other medical pre-
scription can make such a claim.
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INTRODUCTION intense training regimens in order to maintain or

The competitive athlete can be defined as an
individual who aims to excel in a given sport,
devoting a significant amount of personal time
and physical effort to achieve superior athletic
performance. In contrast, the recreational athlete
tends to focus on personal fitness in a noncom-
petitive setting.

There are at least 50,000 professional and ama-
teur athletes in the United States. C.W. Burt et al.
determined that sports-related injuries for all ages
account for an estimated 3.7 million emergency
room visits per year, with 2.6 million (68%) of
those patients being between the ages of 5 and
24 years.?

E.F. Luckstead et al. noted supporting popu-
lation study data from 1988 to 1993 which
revealed a 10% increase in athletic participation
for boys and a 40% increase for girls.!! With the
contemporary emphasis on athletic achievement
and equal opportunities to compete, the playing
field has expanded to include greater participa-
tion in the preadolescent and female populations.
Consequently, the risk for psychological stress,
physical injury, and burnout has been highlighted
by excessive sports training regimens used with
younger athletes. Performance enhancement and
overtraining injuries have thus come into focus
for physicians and trainers involved with athletics
on multiple levels.

Physician association with athletics occurs at
multiple levels: community (Amateur Athletic
Union), state (Athletic Commission), and national
or international (Olympics), as well as in private
(professional sports team) and public sectors.
Preparation of an athlete for competition requires

improve the individual’s strength, endurance, and
skill level. The athlete is subject to numerous
external and internal stressors throughout the
training year and competitive season. These pres-
sures may be financial, educational, psychologi-
cal, and physical.!

TRAINING AND
CONDITIONING

The modern competitive athlete pursues a year-
round conditioning program. The ultimate aim of
the individual or team is to achieve progressive
strength, endurance, coordination, and flexibility,
while maintaining adequate rest and nutrition
throughout the sporting season. Training sessions
often require 4 to 6 hours per day, 5 to 7 days
per week. The start of an intense practice or
competition has traditionally involved an ade-
quate warm-up period, followed by a cool-down
period in order to prevent muscle soreness and
thus shorten recovery time. Stretching before and
after exercise may not confer significant protec-
tion from muscle soreness nor decrease the risk
of injury (Level of Evidence B, systematic
review).o4

INJURIES

Even with proper training, the competitive athlete
is prone to suffer injuries resulting from long
hours of repetitive microtrauma to skeletal muscle
and tendons. Overuse injury begins as micro-
scopic soft tissue tearing or bony stress, which
usually presents within 48 hours as muscle pain
and soreness. Further physical stress and exertion
may progressively result in significant injury, such

* In the second edition, this chapter was authored by Herbert G. Parris.
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as muscle or tendonous strain, ligament sprain,
or bone stress fracture. A period of relative rest
and modified exercise prescription incorporating
a cross-training regimen may suffice to heal a
minor overuse injury (i.e., active rest). Low-static,
low-impact aerobic sports (e.g., jogging, lifecycle,
swimming) may provide an acceptable alternative
during the rehabilitation period. Inability to train
or compete due to injury may be psychologically
perceived as personal failure or weakness by the
athlete and his or her teammates. With acute,
sports-specific injuries, aggressive treatment is the
key to a successful outcome. The standard RICE
(rest, ice, compression, elevation) regimen is the
mainstay for most acute athletic trauma. Despite
alterations in the training regimen, the question
of when to return to full competition arises. The
sports medicine physician should negotiate a ther-
apeutic plan at the time of injury, including the
criteria that must be met before allowing return
to play. To ensure a full recovery, it may be
prudent to downplay expectations, despite exter-
nal pressures (e.g., parents and coaches). Risks
of further injury with continued participation must
be clearly explained to the athlete, parents, and
coaches, and these discussions documented. Rea-
sonable criteria for return to play include full
painless range of motion, minimal strength defi-
cits, and adequate flexibility and proprioreceptive
response to provocative testing. Regular assess-
ment and revision of the rehabilitation program
should occur at designated intervals.

PSYCHOLOGICAL ISSUES

Competitive athletes suffer less from generalized
anxiety disorder and depression than the general
population.! They also have better pre-morbid
mental health as compared to non-athletes; how-
ever, athletes are at risk for psychological prob-
lems and psychiatric illnesses, as well as sub-
stance abuse.?> For example, research has not
indicated an optimal precompetition anxiety
response among athletes but performance may
be enhanced with high levels of anxiety.!* Nev-
ertheless, as many as 10% of the athletic popula-
tion may suffer clinically from anxiety and depres-
sion.! The percentage increases when an athlete
has suffered physical injury. This may result from
lack of mature coping mechanisms, loss of self-
esteem, and failure to seek professional attention.
With increasing frequency, the illicit use of drugs
is a common method used to enhance faltering
performance and may contribute significantly to
behavioral problems (e.g., violence and antisocial
behavior).>® The signs and symptoms of psychiatric
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conditions should be recognized and pursued by
the sports medicine physician. Evaluation meth-
ods include a thorough history and physical, inter-
views with family and friends, routine lab testing,
toxicology screens, and psychological testing.> A
number of psychological objective tests may be
useful; for example, the Profile of Mood States
(POMS) scores four areas of mood (anger, anxiety,
depression, and obsessive—compulsive behavior)
and can be used periodically to identify significant
psychological stressors and thus prompt profes-
sional intervention.

SPECIAL ISSUES

Maturity matching is important in preadolescent
competitors. Size and/or strength mismatch in
young athletes is not uncommon and creates sig-
nificant risk for physical injury as well as psycho-
logical stress.}*!! Growth plate injuries are com-
monly misdiagnosed in the pediatric/adolescent
population, and any acute joint injury should be
carefully evaluated. The primary care sports med-
icine physician should be familiar with the diag-
nosis and management of the female athlete triad
(anorexia/bulimia, amenorrhea, and osteoporo-
sis), as well recognize the potential signs and
symptoms of performance enhancing substance
abuse.378

Burnout or overtraining syndrome (OTS) is
one of the most common sequelae of long-term,
high-performance athletic training.*'? Primarily a
neuroendocrine disorder, OTS occurs when an
athlete’s tolerance to heavy training is exceeded,
resulting in poor athletic performance, decreased
maximal training thresholds, chronic fatigue,
increased susceptibility to illness, poor sleep, and
depressed mood. Current research is focused on
the role of increased cytokine production due to
microtrauma from overtraining, which may alter
immune function and result in the increased inci-
dence of upper respiratory illness associated with
OTS.? By modifying the exercise prescription
(e.g., cross training) or by employing short peri-
ods of rest, overtraining syndrome can be avoided
or alleviated and performance maximized. Total
rest and change of environment may be necessary
with profound physical and mental exhaustion.
Training sessions should never be increased dur-
ing a staleness period.

The careful implementation of a long-term
training program can allow an athlete to peak at
the proper time during competition. Long-term
planning should include a number of short-range
goals for the athlete to accomplish. Peaking may
be achieved by altering the training schedule as



a competition nears (e.g., shorter and more
intense sport-specific practices, carbohydrate
loading, proper rest, and nutrition). Randomized
controlled trials support the use of high-intensity
interval training (HIT) to maximize performance
in the final stages leading up to competition.'* In
general, one peak per season, lasting 1 to 2
weeks, is advisable, with a 2- to 3-day training
break before major competition. If the training
plan for an entire year or longer is synchronized
to the specific sports season and competition
schedule, the athlete will optimize performance
and minimize injury and performance errors.

SUMMARY

The sports physician’s primary aim is to maximize
the competitive athlete’s performance while min-
imizing time lost due to injury. The past quarter
century has seen a significant increase in partic-
ipation in preadolescent and women’s sports.
With the pressure to win at all costs, the issues
of overuse injury syndromes and performance-
enhancing substance abuse have gained medical
and public notoriety. Injury prevention and safety
should be the teaching priority for young athletes.
Adult training programs are inappropriate for
young children and adolescents. When an injury
occurs, a therapeutic plan should be agreed upon,
including specific criteria for return to competi-
tion. The physician also should anticipate stress-
related anxiety and depression in the injured com-
petitive athlete and provide professional interven-
tion as needed.
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BACKGROUND as basketball, racquetball, or soccer, taking 6 to

Many Americans enjoy watching and participating
in sports. Unfortunately, only a minority of Amer-
icans engage in regular aerobic exercise, and our
society as a whole is tending toward obesity and
a sedentary lifestyle. Approximately 70 to 80% of
adults participate in some form of physical activ-
ity, but only 20% are in a regular exercise program
and 20 to 30% are completely sedentary. Obesity
increases the incidence of hypertension, diabetes,
cardiovascular disease, and certain forms of can-
cer. If Americans were motivated to participate in
regular aerobic exercise as per the guidelines of
the American College of Sports Medicine (ACSM)
or the American Heart Association, we would
observe a significant decrease in obesity and the
degenerative diseases associated with that condi-
tion, as well as less risk of injury to the muscu-
loskeletal system. Patients should also be encour-
aged to eat a healthy diet following the guidelines
of the American Heart Association or the Ameri-
can Cancer Society.

PHYSIOLOGICAL ADAPTATIONS

Part-time athletes participate on weekends at
irregular intervals. While activities vary, many are
vigorous sports and exercise. Both the cardiovas-
cular system and the musculoskeletal system
adapt to the stresses placed on them. Part-time
athletes are at risk for both traumatic and overuse
injuries because of the deconditioning maladap-
tations that have taken place in the microstructure
of the bone, muscle, tendons, and ligaments.

EXERCISE PRESCRIPTION

Part-time athletes should be encouraged to
engage in regular aerobic exercise to develop and
maintain fitness that improves the quality of life,
sense of well-being, and independence and
decreases the risk of injury. For those individuals
who have not participated in regular exercise and
ultimately wish to engage in vigorous activity such
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10 weeks to progress through a walking program
is recommended to build an aerobic base and
prepare the musculoskeletal for more vigorous
activity. All athletes should be encouraged to
exercise in preparation for any sports activity.
Exercise-related topics to be discussed with such
athletes include adequate hydration, protective
equipment, acclimatization to hot weather, and
appropriate warm-up and flexibility exercises
prior to vigorous activity.

COMMON INJURIES AND
TREATMENT

Because part-time athletes are susceptible to
upper and lower extremity tendinitis, bursitis,
strains, and stress fractures, teaching them correct
treatment methods, such as the following, will aid
in early treatment and sometimes prevention:

B Proper use of ice

B Adjusting activity as needed to control
symptoms

B Use of nonsteroidal
drugs (NSAIDs)

B Identification and correction of training
errors

B Cross-training (swimming, biking, etc.)

anti-inflammatory

The concepts of functional testing and functional
progression should also be explained. Part-time
athletes are susceptible to muscle strains and
ligament sprains; for acute injuries, they can be
taught the principles of RICE:

Rest

Ice
Compression
Elevation

When in doubt about whether to use ice or heat,
patients will rarely go wrong using ice, ice, and

161



162 THE WEEKEND ATHLETE

more ice. Heat is best reserved for relaxing
chronic low back pain and for adductor and
hamstring muscle strains. If symptoms persist
despite applying the RICE technique, part-time
athletes should seek additional evaluation from
their primary care physician or a sports medicine
professional.

SUMMARY

All physicians will have the opportunity to care
for part-time athletes. Everyone can benefit from
eating right and exercising regularly. By learning

correct diet and exercise principles, motivated
part-time athletes are able to modify their exer-
cise, appreciate the risk of injury, and initiate
treatment following overuse and traumatic injury.
The physician’s goal should be to encourage
patients not only to enjoy watching sports but
also to develop healthy, lifelong habits of nutri-
tion and exercise. Husbands and wives should be
encouraged to participate together. Parents can
teach their children by example and develop
close family ties in the process. A family that plays
together stays together.
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INTRODUCTION pituitary, or gonadal failure. An interruption of

The first generation of girls that grew up with
Title IX has just reached adulthood, so the culture
of girls’ and women’s athletics is relatively new.
As the number of girls and women participating
in sports grows, the amount of information avail-
able about female athletes continues to increase,
but as with any other relatively new area of
medicine the initial information being gathered
points out how much more there is to learn. While
many of the benefits (physical, psychological, and
social) and risks (injury) of sports and exercise
are the same for women and men, some issues
are specific to women. This chapter addresses
issues for adolescent, reproductive-aged, and
postmenopausal women.

EXERCISE IN ADOLESCENTS
Primary Amenorrhea

Primary amenorrhea is defined as delayed
menarche, or the absence of menses by the age
of 16.! Athletes who begin intensive training
before puberty are at risk, especially gymnasts
and ballet dancers.? The athlete presenting with
primary amenorrhea should have a thorough his-
tory, including pubertal milestones.! A lack of any
pubertal development can indicate hypothalamic,

normal pubertal development can indicate ova-
rian failure or pituitary failure, as happens with
a pituitary neoplasm. Normal breast and pubic
development in the absence of menstrual periods
can indicate an abnormality of the reproductive
organs.?

A training history should include a dietary
history, including a history of weight gain or loss,
and a detailed history of the type, frequency,
duration, and intensity of exercise. A history of
the athlete’s perception of stress associated with
her sport, school, work, home, and peers should
be elicited, as well as the support system available
to her and an assessment of her coping methods.
Athletes who associate more stress with their
sport and competition are more likely to be amen-
orrheic.?

A full review of systems should be done,
including a history of sexual activity. A thorough
history of past medical problems and treatments,
especially chemotherapy or radiation therapy, is
also important. The athlete should be questioned
about medications, illicit drug use, and anabolic
steroids, which can result in amenorrhea. A family
history of age of menarche or any family history

* In the second edition, this chapter was authored by John W. Cassels, Jr. and David J. Magelssen.
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hCG, TSH, prolactin, and
testosterone (if indicated)
Evaluation
Abnormalites and
management
Progestin challenge
1
Withdrawal Normal
bleeding estrogen
@ Anovulation
Low estrogen

1

Check

LH/FSH
1

Evaluate Hypothalmic Ovarian
pituitary amenorrhea failure
1 1 v
Treat No Normal LH:FSH > 3:1 Repeat levels
and check
karyotype
Hypothalr:nic Polycystic
amenorrhea Ovarian
Syndrome

Figure 17.1 Special considerations for the female runner. (Adapted from Fieseler, C.M., J. Back

Musculoskel. Rebab., 6, 37—47, 1996.)

of endocrinopathies, hirsutism, amenorrhea, or
congenital anomalies may be important.?

The physical exam should include vital signs,
height, weight, body fat, arm span, Tanner stage,
any characteristics of chromosomal anomalies,
any traits of androgen excess such as hirsutism
or acne, fundoscopic exam and visual field con-
frontation, evaluation for galactorrhea, palpation
of the thyroid, and a pelvic exam to assess for
normal anatomy.?

Laboratory testing for amenorrhea is shown in
Figure 17.1. The progestin challenge is done by
giving medroxyprogesterone as a 10-mg daily

dose for 5 to 10 days.> A karyotype should be
done in any patient who is found to have no
uterus on pelvic exam or pelvic ultrasound, as
well as any patient under the age of 30 found to
have ovarian failure.

Hypothalamic amenorrhea can be a cause of
secondary or primary amenorrhea. In hypotha-
lamic amenorrhea, the pulsatile gonadotropin-
releasing hormone (GnRH) is abnormal. Rarely,
this can be caused by a tumor or trauma to the
hypothalamus. A developmental defect in the
hypothalamus can result in an isolated gonadot-
ropin deficiency characterized by a lack of sexual
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development, primary amenorrhea, low luteiniz-
ing hormone (LH) and follicle-stimulating hor-
mone (FSH) levels, normal female karyotype, and
sometimes an undeveloped sense of smell.? Psy-
chological stress (such as moving away to college,
divorce, death in the family, stressful social situ-
ations, or stress associated with scholastic or ath-
letic performance) and physical stress (such as
weight loss or gain or increase in training) are
thought to affect neurohormones that regulate
GnRH, leading to hypothalamic amenorrhea.? It
is also thought that all women must reach a
critical body weight and body fat percentage
before reproductive function spontaneously
starts. Exercise-associated or athletic amenorrhea
is considered to be a subset of hypothalamic
amenorrhea.?

If exercise-associated amenorrhea is sus-
pected, the patient should be counseled on the
risk of having decreased bone mass. Because
women reach their peak bone mass in the third
decade of life and then the bone mass starts to
decline, the concern is that not only will these
athletes be at an increased risk of stress fractures
now but they will also be at risk of osteoporosis
in the future secondary to never achieving their
peak bone mass.

Amenorrhea is a chronically estrogen-deficient
state. Because estrogen facilitates calcium uptake
into bone,* athletes with amenorrhea are at risk
of osteoporosis and stress fractures, much like
postmenopausal women. The weight-bearing
exercise done by athletes can help protect them
but may not be enough to overcome long periods
of estrogen deficiency, especially as the third
decade of life is the point when women should
be reaching their peak bone mass. Prevention of
this loss of bone mass is one of the main goals
of treating amenorrhea. Oral contraceptives are a
good choice for athletes who are not trying to
conceive and have no contraindications (Level of
Evidence B, systematic review). This should be
combined with an evaluation of the athlete’s diet
and exercise regimen and any underlying stress
she may be experiencing so all aspects that may
be contributing can be addressed. If osteoporosis
is suspected, dual-energy x-ray absorptiometry
(DEXA) may be indicated to see if the athlete’s
bone density is below the standard (Level of
Evidence C, expert opinion).

Secondary Amenorrhea

Secondary amenorrhea is the absence of men-
strual bleeding in a woman who previously
has had menstrual cycles.? Some sources define
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amenorrhea as being the absence of menstrual
cycles for a length of time equal to the total time
of the three previous menstrual cycles.> Some
sources define amenorrhea as the absence of
menstrual bleeding for 6 months.> The Interna-
tional Olympic Committee (IOC) has defined
amenorrhea as one period or less per year.? Exer-
cise-related amenorrhea is a diagnosis of exclu-
sion. Pregnancy is the most common cause of
amenorrhea in sexually active women and must
be excluded. Other diagnoses to rule out include
polycystic ovarian syndrome (PCOS), Asherman’s
syndrome, and thyroid or pituitary abnormalities.
If a woman over the age of 30 is presenting with
secondary amenorrhea, other etiologies to be con-
sidered are premature ovarian failure, endometrial
hyperplasia, and carcinoma. Exercise-related
amenorrhea can be considered a subset of hypo-
thalamic amenorrhea, which also includes amen-
orrhea related to anorexia nervosa and weight
loss, as well as psychological stress, such as mov-
ing away to college, divorce, or death in the
family. The evaluation and management of sec-
ondary amenorrhea is similar to that of primary
amenorrhea discussed above.

The Female Athlete Triad

As the name implies, the female athlete triad has
three components: (1) disordered eating, (2)
amenorrhea or oligomenorrhea, and (3)
osteoporosis or osteopenia. The prevalence of the
female athlete triad is unknown, given the secre-
tive nature of eating disorders and underreporting
by female athletes. Risk factors include chronic
dieting, low self-esteem, family dysfunction, phys-
ical abuse, biologic factors, perfectionism, and a
lack of nutrition knowledge.® Trigger factors
include an emphasis on body weight for perfor-
mance or appearance; pressure to lose weight
from parents, coaches, judges, and peers; a drive
to win at any cost; self-identity as an athlete only
(no identity outside of sports); a sudden increase
in training; exercising through injury; overtraining
(especially when undernourished); a traumatic
event, such as an injury or loss of a coach; and
vulnerable times such as an adolescent growth
spurt, entering college, retiring from athletics, and
postpartum depression.

The Diagnostic and Statistical Manual, fourth
edition (DSM-IV) from the American Psychiatric
Association lists the diagnostic criteria for anor-
exia nervosa and bulimia nervosa. The category
of eating disorder not otherwise specified (NOS)
is also included and is used for patients who have
a problem but do not meet the criteria of anorexia
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nervosa or bulimia nervosa. While we do not
know the prevalence, we do know that adoles-
cent girls and young adult women are at risk for
developing eating disorders. Whether or not the
prevalence of anorexia or bulimia is higher in the
athletic population is unknown, but disordered
eating does seem to be a problem for female
athletes, especially those who participate in sports
where leanness is encouraged (runners) or where
appearance is judged (dancers, gymnasts).

Female athletes with disordered eating and
decreased energy intake can develop amenor-
rhea. As noted previously, the athlete with amen-
orrhea is at an increased risk of low bone mass
secondary to either inadequate bone formation
or premature bone loss. This leads to an increased
risk of fractures, including stress fractures.>¢

When taking the history from a female athlete,
the physician should be aware of the character-
istics of an eating disorder, such as severe self-
imposed weight loss, altered body image, an
intense fear of becoming fat, lightheadedness,
syncopal episodes, weakness, palpitations, over-
use injuries, and decreased school and sport per-
formance. They may also complain of fatigue,
chest pain, abdominal pain, bloating, diarrhea,
constipation, recurrent pharyngitis, and decreased
school and sport performance. Other history to
obtain is a family history of disordered eating,
obesity, depression, anxiety, or substance abuse.
Psychological history should include smoking,
alcohol, and other substance abuse; life stresses;
self-esteem and control issues; and symptoms of
depression.® Important historical questions related
to amenorrhea were discussed in the previous
sections.

When examining the female athlete, the phy-
sician should be aware of physical characteristics
of eating disorders, including fat and muscle loss,
dry hair and skin, lanugo (particularly on the
trunk), cold and discolored hands and feet,
decreased body temperature, hypotension, brady-
cardia, swollen parotid glands, conjunctival pete-
chiae, periodontal disease and caries, pharyngeal
erythema, face and extremity edema, knuckle
scars, and rectal fissures.®

Laboratory tests to order include a complete
blood count (CBC), electrolytes, calcium, magne-
sium, phosphorus, cholesterol, albumin, total pro-
tein, blood urea nitrogen (BUN) and creatinine,
and urinalysis.> Other tests to consider are a preg-
nancy test, FSH, estradiol, prolactin, and thyroid
function tests.> An electrocardiogram may also be
indicated.

Imaging studies that may be useful in the
evaluation and management of a patient with the
female athlete triad include a DEXA to evaluate
bone density and a triple-phase bone scan to
evaluate for stress fractures.’ If the bone scan
picks up stress fractures in different stages of
healing, this would help determine that the athlete
has an ongoing problem and not an isolated
overuse injury.

Management of the female athlete triad is mul-
tidisciplinary and requires involvement by the
primary care physician, a mental health profes-
sional, and a nutritionist. These patients need
guidance and education about their condition,
their diet, their training, their stress, and other
issues in their life. They may also be candidates
for hormone replacement therapy (HRT) in the
form of oral contraceptive pills, which can help
with the amenorrhea (after a thorough evaluation,
as discussed previously), as well as additional
calcium and vitamin D. While bis-phosphonates
are indicated in the treatment of post-menopausal
osteoporosis, their use in young amenorrheic ath-
letes is not recommended.

EXERCISE IN REPRODUCTIVE-
AGED WOMEN
Exercise in Pregnant Women
Pregnancy is a normal condition. In the absence
of medical or obstetric complications, pregnant
women should follow the recommendations of
the Centers for Disease Control and Prevention
and the American College of Sports Medicine on
exercise. The guidelines are accumulation of 30
minutes or more of moderate exercise daily on
most, if not all, days of the week (Level of Evi-
dence C, consensus opinion).! The specific exer-
cise prescription will have to be tailored for each
woman based on her baseline level of fitness, her
preferred activities, and her gestational age.
Exercise during pregnancy has many benefits.
Exercise helps maintain or improve cardiovascu-
lar fitness. Exercise also helps control maternal
weight gain. The American Diabetes Association
endorses exercise in the management of gesta-
tional diabetes when euglycemia is not achieved
by diet alone. Evidence also indicates that exer-
cise is beneficial in the primary prevention of
gestational diabetes, especially in morbidly obese
women (body mass index [BMI] >33) (Level of
Evidence B, systematic review).” Exercise can help
reduce musculoskeletal and other discomforts dur-
ing pregnancy.® Exercise is also associated with
improved body image and sense of well-being,
much as it is in non-pregnant patients.
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No evidence indicates that exercise has a det-
rimental effect on pregnancy or labor or fetal
well-being.” The babies of regularly exercising
women appear to tolerate labor well. They also
have been shown to have a similar head circum-
ference and length, but lower body fat, than
babies born to non-exercising mothers.!®

An exercise program should be safe and com-
fortable and allow the mother to maintain her
fitness while minimizing risk to the fetus. The
highest risk to mother and fetus with exercise is
probably trauma, and this can be minimized by
avoiding sports with a high risk of contact or
falling, especially as the woman’s balance
changes in the later stages of pregnancy

Environmental conditions should be taken into
account when exercising. Pregnant women
should dress appropriately and drink appropriate
amounts of fluids during exercise and avoid exer-
cising in extreme heat or on uneven terrain. Exer-
tion at altitudes of up to 6000 feet appears to be
safe (Level of Evidence C),° but engaging in phys-
ical activities at higher altitudes carries various
risks, and women who travel to higher altitudes
should be aware of the signs and symptoms of
altitude sickness, for which they should cease
activity and descend to a lower altitude. Scuba
diving should be avoided throughout pregnancy
as the fetus is at increased risk for decompression
sickness secondary to the inability of the fetal
pulmonary circulation to filter bubble formation
(Level of Evidence C).”

There are a few absolute contraindications to
exercise during pregnancy:

B  Hemodynamically significant heart dis-
ease

B Restrictive lung disease

B Incompetent cervix/cerclage

B Multiple gestation at risk for premature
labor

B Persistent second- or third-trimester
bleeding

B Placenta previa after 26 weeks of gestation

B Premature labor during the current preg-
nancy

B Ruptured membranes

B Preeclampsia/pregnancy-induced hyper-
tension

The American College of Obstetrics and Gyne-
cology has also identified some relative contrain-
dications to exercise:
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Severe anemia

Unevaluated maternal cardiac arrhythmia
Chronic bronchitis

Poorly controlled type 1 diabetes
Extreme morbid obesity

Extreme underweight (BMI <12)

History of extremely sedentary lifestyle
Intrauterine growth restriction in current
pregnancy

Poorly controlled hypertension
Orthopedic limitations

Poorly controlled seizure disorder
Poorly controlled hyperthyroidism
Heavy smoker

Any woman with these conditions who wishes
to begin an exercise program during her preg-
nancy should be under the close supervision of
a physician.

Physicians should ensure that their pregnant
patients are aware of the signs and symptoms for
which they should stop exercise, including dizzi-
ness, chest pain, vaginal bleeding or amniotic
fluid leakage, decreased fetal movement, or pre-
term labor.”

No definitive guidelines have been agreed
upon for elite or endurance athletes during preg-
nancy. Elite athletes have to deal with the chang-
ing physiology of pregnancy, which may neces-
sitate changing their exercise regimen. After the
first trimester, the uterus can cause obstruction of
venous return in the supine position, so athletes
will have to adjust weight-training and floor exer-
cises appropriately. Motionless standing also
causes a significant decrease in cardiac output
and should be avoided as much as possible.
Athletes should stop exercising when they feel
fatigued; they should not try to “train through”
fatigue during pregnancy. The increased oxygen
consumption of pregnancy will lead to most
women experiencing a decline in their exercise
tolerance. The goal of exercise during pregnancy
is to maintain fitness while avoiding fetal distress.
Common sense about the environment, and the
type, frequency, duration, and intensity of exer-
cise should be recommended.

Contraception

Combination oral contraceptives that contain both
an estrogen and progesterone have benefits for
female athletes that extend beyond pregnancy
prevention. They can help with cycle control,
premenstrual syndrome, dysmenorrhea, menor-
rhagia, and iron-deficiency secondary to excessive
blood loss.* The use of oral contraceptives can
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also help prevent the bone loss associated with
amenorrhea and oligomenorrhea (Level of Evi-
dence B, systematic review). For athletes who
prefer to avoid menses during competition
(adventure race participants, triathletes, swim-
mers, distance runners, and potentially dancers
and gymnasts) monophasic pills can be manipu-
lated to take the 7 days of hormone-free pills
once every 3 months rather than monthly. Not
enough information on the transdermal form of
estrogen is available to compare its efficacy in
the protection of bone mass in young women to
that of oral contraceptives.

Progesterone-only pills do not have the same
protective effect on bone as the estrogen-contain-
ing combinations. Medroxyprogesterone given
intramuscularly (Depo-Provera®) has actually
been shown to have an adverse effect on bone
mineral density,!! and this should be taken into
account when counseling athletes on their
choices of contraception. Levo-norgestrel (Nor-
plant®) contraceptive implants also provide no
estrogen to protect bone mass and have been
associated with irregular bleeding and occasion-
ally with weight gain, both side effects that may
be undesirable in athletes. Intrauterine devices
(IUDs) may be a good option for athletes who
are looking for long-term contraception who want
to avoid hormonal manipulation, but the athlete
should be counseled on the possibility of heavier
menstrual bleeding and increased uterine cramp-
ing with use of an IUD.

Fertility

Athletes who wish to conceive should be advised
to do the healthy things we advise all women to
do, such as get all of their healthcare maintenance
up to date and ensure that they are eating a
healthy diet and including adequate amounts of
folic acid and avoiding tobacco and alcohol. They
should also have their physician evaluate any
medications they are taking to ensure they are
safe to be taken during pregnancy. If a woman is
exercising heavily and not having regular menstrual
cycles, she should be advised to decrease her exer-
cise intensity in order to allow resumption of nor-
mal ovulatory cycles. It is thought that endorphins,
cortisol, or other neurohormones such as melatonin
or dopamine suppress the pulsatile GnRH!? when
they are released with extensive exercise, having
an adverse effect on fertility, but more research is
needed on this hypothesis. If decreasing the exer-
cise intensity does not work, other causes of infer-
tility should be ruled out. If the woman is over the
age of 35 and worried about age-related infertility,

ovulation induction may be offered. Any effects of
athletic amenorrhea on fertility and reproductive
health appear to be reversible with treatment of the
amenorrhea, after the athlete has decreased her
activity level and increased her caloric intake and
body fat percentage.

EXERCISE IN POSTMENOPAUSAL
WOMEN

The health benefits of exercise for postmeno-
pausal women include decreased hypertension
and diabetes, improved muscle strength and bal-
ance, weight control, and psychological benefits.
Exercise is an important part of a preventive
health program for the postmenopausal woman,
as is osteoporosis prevention, and is relevant to
the question of whether or not to use hormone
replacement therapy. Postmenopausal women (as
well as some younger women) may also face a
barrier to exercise if they are experiencing urinary
incontinence. This must be addressed, just as for
all the other barriers to exercise, if a woman is
really going to have an exercise program she is
comfortable with and will continue.

Hormone Replacement Therapy
Whether or not to use hormone replacement ther-
apy is a decision each woman will have to make
with the counseling and guidance of her physi-
cian. Benefits of HRT include control of peri-
menopausal vasomotor symptoms (hot flashes,
flushes, night sweats), prevention of urogenital
atrophy, and prevention of osteoporosis. HRT has
not been shown to be beneficial in preventing
cardiovascular disease (Level of Evidence A, ran-
domized controlled trial).’? Deciding who should
take HRT depends on what the patient’s risk
factors are for mortality and morbidity as she ages.
The only absolute contraindications for HRT are
known or suspected estrogen-receptor positive
breast cancer, thromboembolic disease, undiag-
nosed uterine bleeding (which could indicate
uterine cancer), and liver dysfunction. The use of
HRT is an individual decision each woman must
make based on her risks for osteoporosis, cardio-
vascular disease, breast and gynecological can-
cers, and vasomotor symptoms.

Osteoporosis

Over 20 million Americans have osteoporosis.!?
Osteoporosis is associated with about 600,000
vertebral fractures and over 200,000 hip fractures
annually. Over 400,000 radial and other extremity
fractures occur annually that are associated with
osteoporosis. Women have an 8-fold increase in
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their risk of vertebral fracture and a 2-fold
increase in their risk of hip fracture compared to
men. Women experience a 4-fold increase in the
risk of hip fracture with each decade after the
age of 50. Over 25% of the patients who present
with a hip fracture will be discharged to a nursing
home. Over 35% will never walk normally again.!?

Osteoporosis is defined as bone mass >2.5 stan-
dard deviations below the normal bone mass of a
normal sex-matched young adult (7-score). Post-
menopausal osteoporosis in women is the most
common form with which people are familiar, but
other groups are at risk of developing osteoporosis
as well. Elderly men, people who have been taking
steroids or high doses of levothyroxine for a long
period of time, and young female athletes with
eating disorders and amenorrhea are at risk, as well.
Osteopenia is defined as a T-score of —1 to —2.5.
The method of diagnosing osteoporosis is by
DEXA, which is used to measure the bone density
at the hip, spine, and usually the radius. This is
used to generate the above mentioned 7-score and
an age-matched Z-score.

The U.S. Preventive Services Task Force rec-
ommends bone mineral density (BMD) screening
by DEXA for women over age 65. They also
recommend beginning routine screening at age
60 for women identified as being high risk for
developing osteoporosis (Level of Evidence B,
Systematic review).'

Determining who is at risk for osteoporotic frac-
tures is based largely on history. Non-modifiable
risk factors such as age, sex, race, history of a low-
trauma fracture, and family history of osteoporosis
should all be noted. Modifiable risk factors include
low body weight, low calcium intake, tobacco use,
excessive alcohol use, deconditioning, low muscle
mass, poor balance, poor vision, estrogen defi-
ciency, and fall hazards in the environment, all of
which can be addressed in the treatment and pre-
vention of osteoporosis and fractures.

Non-pharmacologic measures used in the
treatment and prevention of osteoporosis include
decreasing tobacco and alcohol use and encour-
aging weight-bearing exercise, which helps
increase bone density and muscle mass and
improves balance. Nutritionally, women should
be taking in 1500 mg of calcium daily, divided
into at least three doses, as more than 500 mg of
calcium cannot be effectively absorbed at one
time. Women should also be taking 800 IU of
vitamin D daily (Level of Evidence C, expert
opinion). The vitamin D should be taken with
the calcium to aid in the absorption of the calcium.
More research needs to be done on other nutrients
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to determine their effect on osteoporosis before
specific recommendations can be made. Pharma-
cologic treatment and prevention of osteoporosis
includes estrogen, bisphosphonates, selective estro-
gen receptor modulators (SERMs), and calcitonin.

Appropriate prevention and treatment of
osteoporosis is something that can have a huge
impact on the quality of life of patients by helping
them remain active and independent. Osteoporo-
sis is clinically silent until the very late stages.
Thinking about screening for osteoporosis so
treatment can be started early is one of the most
important things we can do to help prevent frac-
tures from osteoporosis.

Urogenital Symptoms
Urinary incontinence is defined by the Interna-
tional Continence Society as the “involuntary loss
of urine which is objectively demonstrable and a
social and hygienic problem.”*> Urinary inconti-
nence affects up to 30% of community-dwelling
postmenopausal women and can be a huge bar-
rier to exercise.' It can also be an embarrassing
topic a patient will not bring up voluntarily. The
most common types of incontinence include stress
urinary incontinence, urge incontinence, or a mixed
type that has symptoms of both stress and urge
incontinence. Overflow incontinence resulting from
urinary retention is less common in active commu-
nity-dwelling individuals and is more specific to
certain medical and neurological conditions.
Stress urinary incontinence (SUI) is the loss of
urine related to increased intraabdominal pres-
sure. This type of incontinence is common in
premenopausal women as well as postmeno-
pausal, especially after vaginal deliveries, but has
also been reported in 28% of nulliparous elite
athletes during exercise.’® The primary complaint
is a loss of urine with activities that increase
intraabdominal pressure, such as sneezing or
coughing, or exercises that include running or
jumping. Athletes involved in high-impact activi-
ties such as gymnastics (dismount/tumbling) or
basketball jumping) are also at risk.'>!® Manage-
ment is directed at correcting the underlying pel-
vic relaxation using exercises that strengthen the
muscles of the pelvic floor. These exercises can
be taught by providing the patient with a Kegel
exercises patient handout or having the patient see
a clinic that has nursing or physical therapy staff
instructed in biofeedback or electrical stimulation
to follow the patient through their rehab program
and measure their progress every 2 to 6 weeks
with a manometer. Doing these exercises requires
a very motivated patient who is willing to learn
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how to do the exercises and continue them indef-
initely, but there is no guarantee that they will
work for everyone. Some women have extreme
pelvic floor relaxation and pelvic prolapse that
cannot be overcome with exercises and will
require surgery as a final treatment or a pessary
as a temporizing measure. The estrogen defi-
ciency associated with menopause can cause vag-
inal and urethral atrophy, contributing to incon-
tinence. Systemic or topical estrogen can be used
to correct the deficiency.

Urge incontinence is the loss of urine associ-
ated with an uncontrollable sensation of having
to void immediately. Patients complain of
urgency, frequency, and dribbling on the way to
the bathroom or spontaneous complete bladder
emptying. They also can complain of feeling the
urge to void with provocative stimuli such as
running water. Urge incontinence can be second-
ary to detrusor instability or hyperreflexia and can
be managed with bladder retraining through the
use of a prompted voiding program or with med-
ications that decrease detrusor activity by block-
ing muscarinic receptors on detrusor smooth mus-
cle. Oxybutynin (Ditropan®) was the most
commonly used antimuscarinic, but the side
effects of dry mouth and constipation and occa-
sionally sedation led many women to discontinue
this medication. Newer antimuscarinics have been
developed with improved side-effect profiles and
dosing regimens, such as a sustained-release ver-
sion of oxybutynin (Ditropan XL®) and tolterodine
(Detrol®). Other drugs used in the treatment of
incontinence include imipramine (Tofranil®), a
tricyclic antidepressant with anticholinergic prop-
erties, and hyoscyamine (Levsin®).

Postmenopausal women also have a higher
incidence of mixed incontinence, with traits of
both stress and urge incontinence. Treatment
should address both aspects of the problem.

SUMMARY

Many of the risks and benefits of exercise are the
same for men and women, but certain issues are
gender specific. Female athletes of all ages have
issues such as primary and secondary amenor-
rhea, contraception, fertility, hormone replace-
ment therapy, pregnancy, incontinence,
osteoporosis, eating disorders, and the female
athlete triad that must be addressed. This is a
relatively new area of medicine, and we should
be able to make more specific recommendations
in the future as we learn more about the physi-
ology of the female athlete.
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INTRODUCTION

Pediatric and adolescent sports medicine is a rel-
atively new and rapidly growing field. It has
developed in response to the explosion of orga-
nized sports participation for children that has
occurred over the last several decades. The par-
ticipation of girls in sports has increased dramat-
ically since the passage of Title IX in 1972, raising
specific concerns with regard to the health con-
sequences of sports participation for young girls.
We have also witnessed the emergence of the
elite child athlete. In certain sports, such as gym-
nastics, figure skating, swimming, and tennis,
young girls in particular manifest a unique ability
to excel on an international level during the
pubertal years. Children are specializing at
younger ages in one specific sport and training
exclusively in that sport year-round. In addition,
training programs are becoming increasingly rig-
orous, and it is no longer unusual to find children
training multiple hours each day, with regimens
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of intensity equivalent to those formerly
demanded only of adult athletes.

The trend toward greater participation by chil-
dren in organized sports and their involvement
in intensive training has raised a number of con-
cerns with regard to the appropriateness and
health consequences of these activities. For
instance, concurrent with the rise of organized
sports has been a dramatic increase in muscu-
loskeletal injuries, particularly overuse injuries,
which were previously encountered almost exclu-
sively in adults. Other concerns include the risk
of injury to the growth centers of the immature
skeleton, as well as the effects on overall growth,
maturation, and psychological well-being. Opti-
mal care of young athletes requires an under-
standing of the fact that child athletes are not
merely small adults, but have distinct physiologic,
psychologic, and developmental responses and
needs with regard to sports training and partici-
pation.
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GENERAL ISSUES
Youth Fitness
Concern is growing that children are becoming
more overweight and less physically fit. Studies
suggest that increasing levels of obesity among
children are due in part to declining levels of
physical activity over the past several decades.!
Measures of physical fitness and endurance
among children have also declined, and measures
of body fatness, such as skinfold thickness and
body mass index (BMI) have increased (Level of
Evidence B, epidemiologic study).'? Children
spend less time in physical education classes in
school and more time in sedentary activities such
as watching television and playing computer
games. Low levels of physical activity are associ-
ated with several negative health behaviors such
as cigarette smoking, marijuana use, lower con-
sumption of fruit and vegetables, greater televi-
sion watching, failure to wear seat belts, and low
perception of academic performance (Level of
Evidence B, epidemiologic study).* Studies show
that participants in sports and exercise programs
are less likely to be overweight® (Level of Evi-
dence B, epidemiologic study) and that children
who watch more television are more overweight.®
The prevalence of obesity is lowest among chil-
dren watching 1 or fewer hours of television daily
and highest among those watching 4 or more
hours of television per day (Level of Evidence B,
epidemiologic study).” One randomized con-
trolled trial provides evidence that television
viewing is a cause of increased body fatness and
that reducing television watching reduces child-
hood obesity (Level of Evidence A, randomized
controlled trial).®

Physical activity is an important factor for pre-
venting obesity in children (Level of Evidence B,
systematic review).” Overweight children are
more likely to become overweight adults. As the
prevalence of obesity increases, the need to
reduce sedentary behaviors and to promote a
more active lifestyle becomes essential. Studies
suggest that physical activity in childhood is an
important determinant of physical activity in
adulthood (Level of Evidence B, epidemiologic
study).!? It is estimated that at least 50% of today’s
youth do not engage in appropriate levels of
physical activity (Level of Evidence B, epidemio-
logic study).>!? Unfortunately, participation in reg-
ular physical activity declines consistently from
ages 12 through 21, particularly declining from
ages 15 to 18, and continues into young adult-
hood (Level of Evidence B, epidemiologic
study)."! Adolescent females are less active than

their male counterparts. Early and ongoing inter-
vention is necessary to offset these declines in
physical activity throughout adolescence and
young adulthood. Three factors have been iden-
tified as important in promoting physical activity
in young people: use of afternoon time for sports
and physical activity, enjoyment of physical edu-
cation, and family support for physical activity
(Level of Evidence B, epidemiologic study).!?

The long-term health benefits of physical activ-
ity during childhood are unclear; however, the
benefits of physical activity in adulthood are well
documented and include prevention of coronary
artery disease, stroke, hypertension, obesity, non-
insulin-dependent diabetes mellitus, osteoporosis,
mental illness, and some cancers (Level of Evi-
dence B, systematic review).!? Studies show a
modest relationship between physical fitness in
adolescence and favorable lipid profiles and body
fatness in young adulthood (Level of Evidence B,
epidemiologic study).'* Physical activity during
childhood and adolescence may also be impor-
tant in maximizing bone density (Level of Evi-
dence B, epidemiologic study).!® Sixty percent of
children exhibit at least one modifiable adult risk
factor for coronary heart disease by age 12 (Level
of Evidence B, epidemiologic study).? Promotion
of physical activity in adolescence may reduce
exposure to other risk factors lasting into early
adulthood. Establishment of regular physical
activity during childhood is an important founda-
tion for continued physical activity in adulthood
and the associated health benefits (Level of Evi-
dence C, consensus expert opinion).

It may seem ironic that, despite the growth of
organized sports participation, children in general
are more overweight and less fit. In part, the
selective competitive structure of organized sports
limits opportunities for large numbers of children
who are not talented or competitive athletes or
do not have the means to participate. Informal,
recreational physical activities available to such
children in the past are increasingly limited by
urbanization and safety concerns.

It is important to make the distinction between
sports performance and health-related measures
of physical fitness. The emphasis in organized
sports is typically on acquisition of sports-specific
skills and other attributes related to performance,
such as power, agility, and speed. Health-related
physical fitness, on the other hand, refers to those
components of fitness required for optimal health
and disease prevention, such as cardiorespiratory
endurance, muscle strength and flexibility, and
body composition. Although optimal physical



fitness can improve performance in sports and
certain sports activities do enhance physical fit-
ness, many children involved in organized sports
may not be achieving adequate fitness levels.
Children should be encouraged to participate in
activities that will develop both sports skills and
physical fitness.

Sports Readiness and Selection
of Developmentally Appropriate
Sports Activities
A child’s readiness to participate in organized
sports or structured training sessions depends on
a combination of factors: (1) neurodevelopmental
level (motor skills acquisition), (2) social devel-
opment (interaction with coaches and team-
mates), and (3) cognitive level (ability to under-
stand instructions).!”!¥ No evidence indicates that
a child’s motor development can be accelerated
or their subsequent sports ability maximized by
physical training at very young ages;' for exam-
ple, we have no proof that special training can
groom a preschooler to become a future cham-
pion. The acquisition of motor skills appears to
be an innate process that follows the same
sequence in all children; however, the rate at
which children master motor skills is highly vari-
able and cannot be predicted on the basis of age,
size, weight, or strength of the child on an indi-
vidual basis.?® Specific skills can be refined
through repetitive practice only after the relevant
level of motor development has been reached.
At what age is a child ready to begin partici-
pation in a specific activity? Although this is a
commonly asked question, it has no scientific
answer from a neurodevelopmental standpoint.
The best answer is that sports activities should
match, or be modified to match, the developmen-
tal capabilities of the individual child. Sports activ-
ities requiring skills beyond the developmental
level of the participants are unlikely to be suc-
cessful. When given the opportunity, children
naturally select and modify activities so that they
can participate successfully and have fun. There-
fore, modification of equipment and rules should
be made to suit the developmental level of the
participants, such as smaller balls, smaller fields,
shorter duration of games and practices, reduced
number of participants playing at the same time,
frequent changing of positions, and less emphasis
on score keeping. An example of such an adap-
tation is the game of T-ball, in which children hit
a stationary baseball mounted on a stand rather
than a pitched ball that requires more advanced
visual tracking skills.
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Prior to age 6, most children do not have the
basic skills required to participate in organized
sports. Balance and attention span are limited,
and vision and ability to track moving objects are
not fully mature. Emphasis in this age group
should be on development of fundamental motor
skills, such as running, tumbling, swimming,
throwing, and catching, in an environment
emphasizing fun and experimentation, limited
instruction, and avoidance of competition.

By age 6, most children have acquired the
fundamental motor skills to begin participation in
simple organized sports activities. They still lack
the hand—eye coordination necessary to perform
complex motor skills and the cognitive ability to
understand and remember concepts of teamwork
and strategies. Organized sports that can be
played without complex motor skills and strate-
gies, such as entry-level baseball and soccer, are
more appropriate than sports such as football that
do not lend themselves as easily to adaptation to
a more basic level. Emphasis should be on skill
acquisition rather than winning. By age 10 to 12,
most children have acquired the motor skills and
cognitive ability to begin participation in sports
at a more sophisticated level, requiring complex
motor skills, teamwork, and strategies.

Is it all right for young children, such as 9 year
olds, to participate in a contact sport, such as
football? When parents ask this question, their
main concern is risk of injury. They can be reas-
sured that young children actually have a lower
risk of injury in contact sports such as football
than do older children, because they do not have
the size and strength to generate forces great
enough to cause more serious injuries. In addi-
tion, significant physical mismatches that could
put a smaller child at increased risk of injury do
not occur until puberty. A more relevant concern
is whether the physical contact and associated
aggressiveness and competition are developmen-
tally appropriate or enhancing the value of the
experience at this age. The child’s enjoyment and
eagerness to participate are some of the best
indicators of the appropriateness of the activity.

Motivational factors for children’s participation
in sports include fun, success, skill development,
variety, freedom, family participation, participa-
tion with friends, and enthusiastic leadership,
whereas failure, embarrassment, competition,
boredom, and regimentation discourage partici-
pation.?! In general, children are much more inter-
ested in personal involvement and lots of action
than in winning and scores. Attrition in children’s
sports occurs to a large extent because of lack of
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Figure 18.1 Typical values of maximal oxygen uptake in trained and athletic children and adults
(males). (From Rowland, T.W., Exercise and Children’s Health, Human Kinetics, Champaign, IL, 1990,

p. 57. With permission.)

playing time, feelings of failure, and overempha-
sis on competition (Level of Evidence B, epide-
miologic study).?? Sports programs for children
should be designed with these factors in mind in
order to promote long-term involvement.

EXERCISE PHYSIOLOGY

Aerobic Training

An increase in maximal oxygen uptake (VO,, .0,
a measure of aerobic fitness, occurs in part as a
function of growth alone. Absolute VO, ..
increases with age during childhood and adoles-
cence as a function of increasing body size.?* In
this regard, growth mimics the effects of training,
as even untrained children will show an increase
in VO, .. over time due to growth; however,
maximal oxygen uptake relative to body mass
(VO,,./kg) remains essentially stable during
childhood and adolescence, then slowly declines
with age in adulthood.? Throughout childhood,
boys have a slightly higher VO, ./kg than girls.
Gender differences become most apparent at
puberty, when VO, .. rises dramatically in boys,
reflecting increased muscle mass, and declines
somewhat in girls, owing to an increase in body
fat.

Some evidence suggests that children do expe-
rience a training response from aerobic activities,
although less dramatic than that seen in adults.
Cardiorespiratory profiles of child athletes are

superior to those of unathletic children, although
the difference is smaller than that seen between
sedentary and athletic adults (Figure 18.1). When
training programs meet adult standards (in terms
of the intensity, frequency, and duration of the
training stimulus), most studies in children show
improvements in VO, > The magnitude of
improvement in VO, is equal to that observed
in adults (7 to 26%) (Level of Evidence B, sys-
tematic review).?* Children show other adapta-
tions to training similar to those seen in adults,
such as lower resting heart rate, decreased sub-
maximal heart rate, increased left ventricular
mass, and higher stroke volume with exercise.
However, children’s response to aerobic training
is limited due to several factors. Children are
metabolically less efficient than adults and there-
fore require more oxygen per kilogram of body
weight to perform the same level of exercise.
Children work at a higher heart rate and lower
stroke volume to achieve the same cardiac output
as adults. Ventilation rates are also higher, reflect-
ing a less efficient ventilatory system.

The yield of additional aerobic training in child
athletes who are already relatively fit appears to
be very low. Studies have consistently failed to
show a training response in child athletes as
opposed to unathletic children. The difficulty in
demonstrating a training response in athletic chil-
dren is probably due to several factors: (1) it is
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Figure 18.2 Changes in maximal oxygen uptake, running economy, and endurance performance
with age. (From Rowland, T.W., Exercise and Children’s Health, Human Kinetics, Champaign, IL,

1990, p. 56. With permission.)

difficult to separate the effects of training from
those of growth alone, (2) the magnitude of the
training response in children is limited by certain
physiologic factors, and (3) significant gains are
more difficult to detect in individuals who are
already highly fit.

It is interesting to note that in children sig-
nificant improvements in endurance performance
can occur even though VO, .. does not change.
For instance, although VO, . /kg remains essen-
tially unchanged during childhood, progressive
improvement in endurance performance is
observed with age (Figure 18.2). This apparent
discrepancy can be explained by the fact that in
children improvements in economy of motion
(metabolic cost of the activity) contribute substan-
tially to gains in endurance performance, irrespec-
tive of improvements in VO, ...
Strength Training
Development of muscle strength during child-
hood is in part a function of the cross-sectional
area of muscles; therefore, strength gains parallel
growth. An individual is born with a fixed number
of muscle fibers, and growth occurs as a result
of hypertrophy and increase in fiber diameter.
Prior to puberty, females and males have similar
muscle mass and strength. At puberty, boys show
marked acceleration in development of strength
secondary to increased muscle mass, while in girls

strength and muscle mass do not change appre-
ciably.

Traditional dogma held that prepubertal chil-
dren were incapable of improving muscle
strength, a belief based on the fallacy that
improvement in strength is dependent on the
presence of androgens and associated increase in
muscle mass; however, significant strength gains
can occur independently of increases in muscle
size. This is particularly true for children and
women and is even seen in adult males during
the early phases of a strength training program,
before any change in muscle size occurs. Neuro-
logic factors, such as increased neural drive, syn-
chronization of motor unit fibers, and improved
motor skill coordination, appear to be important
mechanisms for strength gains in these instances.
Studies of strength training in children show that
both boys and girls demonstrate significant gains
in strength (evidence level B, systematic review).?
Prepubescent children make similar relative
strength gains (percent improvement) compared
to older children and adults but demonstrate
smaller absolute strength increases.

From a practical standpoint, the value of
strength training in children is of low yield. Prior
to puberty, the gains in strength due to strength
training are relatively small and unlikely to confer
any significant performance advantages. No com-
pelling evidence suggests that strength gains
translate to improved athletic performance.
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Although strength training has been shown to
improve performance on selected motor fitness
tests, the improvement is less than that gained by
practicing the skill itself. For instance, knee exten-
sion weight training improves performance of the
vertical jump, but not as much as practicing the
vertical jump itself (Level of Evidence B, clinical
cohort study).?* Children are more likely to
improve sports performance by practicing and
perfecting the skills of the sport itself, rather than
from strength training.

Although the efficacy of strength training in
children has been confirmed, concern has been
raised about the safety of this activity with regard
to risk of injury to the immature skeleton.
Although numerous case reports of epiphyseal
fracture due to weight training in children have
been reported, the majority appear preventable
and occur as a result of improper technique,
excessive loading, and ballistic movements (Level
of Evidence B, systematic review).?”” The majority
of such injuries occur in the home setting, where
supervision may be inadequate. Supervised, pro-
spective studies of resistance training in prepu-
bescent children have not reported epiphyseal
injury (Level of Evidence B, systematic review,
epidemiologic study).?>?%3° The majority of inju-
ries are neither epiphyseal nor acute but rather
are soft-tissue injuries, such as sprains and strains,
especially of the low back (Level of Evidence B,
epidemiologic study).?’¥* No evidence suggests
that weight training is more risky in this regard
than participation in other sports and recreational
activities. Concerns that weight training might
lead to muscle-boundness and decreased flexibil-
ity, which could predispose to injury, appear
unwarranted; numerous prospective studies show
no change or show slight improvements in flex-
ibility (Level of Evidence B, systematic review,
epidemiologic study).?>?$3 In addition, some evi-
dence suggests that strength training in adoles-
cents may result in a decreased rate of injuries and
rehabilitation time during other sports activities
(Level of Evidence B, clinical cohort study).333

The term “weight training” should be distin-
guished from “weight lifting” and “power lifting.”
Weight training refers to a variety of resistance
training modalities (free weights, weight
machines) designed to increase muscle strength
and endurance by performing multiple repetitions
and sets of each exercise. Weight lifting and
power lifting, on the other hand, are competitive
sports emphasizing maximal lifts, such as the
clean and jerk and the snatch (weight lifting), and
the squat, dead lift, and bench press (power

TABLE 18.1
Sample Weight Training Program

1 to 3 sets of 6 to 15 repetitions per set

Frequency of 2 to 3 sessions per week with rest day in
between

Duration of 20 to 60 minutes

Progressive resistance:
Start at no resistance/weights until proper form is
achieved.
Initiate resistance at the 6-repetition level; advance
to 15 repetitions.
Add weight in increments of 1 to 3 Ib until child
can do just 6 repetitions.
Advance again to 15 repetitions before increasing
weights.

lifting). These activities are not recommended for
children and adolescents (Level of Evidence C,
consensus expert opinion).’> Weight training is
thought to be safe when closely supervised and
appropriately designed. This would include
emphasis on sets of low resistance and high rep-
etitions, no maximal lifts, and no Olympic-style
lifts. A sample weight training program for chil-
dren and adolescents is listed in Table 18.1.

Thermoregulation

Children are at increased risk for heat stress due
to a multitude of predisposing factors.?* Children
produce more metabolic heat during exercise
than adults. Although sweat-gland density is
higher in children, they produce less sweat to
dissipate the heat. Children’s larger ratio of sur-
face area to mass allows more heat uptake from
the environment. Lower cardiac output leads to
less peripheral perfusion and thereby lower
capacity for heat transfer from body core to skin.
In addition, children take longer than adults to
acclimatize to new environments. Often children
are less aware of early signs of heat stress and
may fail to decrease their activity level. Voluntary
hypohydration occurs frequently in children, and
for a given level of dehydration children experi-
ence a faster rise in core temperature than adults.
Obese children and very young children may be
at particular risk, due to the insulating effect of
increased layers of adipose tissue. The most com-
mon cause of heat-related illness in healthy children
is insufficient acclimatization. In this regard, heat-
related illness is entirely preventable by taking
appropriate precautions and providing unrestricted
access to fluids. Although water is adequate for



fluid replacement, children voluntarily drink more
of flavored beverages. The additional carbohy-
drate in sports drinks is helpful only for sustained
activities of over 90 minutes’ duration.

Less is known with regard to cold tolerance
of children. Like adults, most children generate
adequate metabolic heat to maintain and usually
increase body core temperature during moderate
and intense exercise in cold weather. Children do
not appear to be at greater risk of hypothermia
than adults except with regard to exercise in
water. In this situation, the child’s larger ratio of
surface area to mass allows for greater conductive
heat loss: the smaller and leaner the child, the
faster the cooling rate and the greater the risk of
hypothermia.

Intensive Training, Growth, and
Maturation

Does intensive training have adverse effects on
growth and pubertal maturation? Children per-
forming heavy physical labor have been noted to
have decreased stature (Level of Evidence B, epi-
demiologic study).’” Nutritional deprivation is
often a confounding factor. Cause for concern is
also raised by studies in animals showing short-
ened long bones due to prolonged training. It is
reassuring that studies of child athletes show no
apparent adverse effect of intensive training on
growth or skeletal maturation (Level of Evidence
B, systematic review, epidemiologic study);*%
however, proper nutrition may be particularly
important in growing children involved in inten-
sive training.

It is well recognized that athletic girls experi-
ence menarche at least 1 to 2 years later than
other girls. This has raised the concern that train-
ing may adversely affect sexual development and
reproductive function. Frisch® reported a statisti-
cal association of a 0.4-year delay in menarche
per year of prepubertal training (Level of Evi-
dence B, epidemiologic study). It remains con-
troversial whether delayed menarche is a direct
consequence of athletic activity. More likely, the
relationship is a result of selectivity. Girls with
delayed menarche are perhaps more likely to
engage and succeed in sports, as a prepubertal
body habitus (i.e., slender physique, narrow hips,
long legs, and low body fat) may be advantageous
in sports such as track, gymnastics, ballet, and
swimming (Level of Evidence B, systematic
review).#! However, some athletes have experi-
enced extreme delays in menarche, beyond age
16 or until after cessation of their high school or
college athletic careers. In these cases, it is
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believed that the associated long-standing caloric
deprivation and extreme weight restrictions,
rather than the intensive training of the sport itself,
are significant contributing factors. Evidence also
suggests that intense training combined with
insufficient caloric intake may restrict develop-
ment of height during adolescence; however, in
most cases, catch-up growth occurs when training
is reduced or ceases, and final adult height is not
affected.’®3” In extreme cases, though, catch-up
growth may be incomplete. Children participating
in intensive training programs over many years
should have their growth parameters monitored
closely so that reductions in training intensity and
increases in caloric intake can be implemented if
growth problems are detected (Level of Evidence
C, consensus expert opinion).*

In boys, on the other hand, evidence of delay
of secondary sexual characteristics associated
with sports participation is lacking. Sports such
as football, baseball, and basketball seem to favor
early maturers, who are temporarily stronger,
heavier, and taller than their later maturing peers.

Delayed menarche has no effect on ultimate
fertility; however, concern exists with regard to
the effects on bone density (Chapter 17). It is
certainly well recognized that athletes with sec-
ondary amenorrhea experience progressive and
irreversible loss of bone density, probably due to
hypoestrogenism (Level of Evidence B, epidemi-
ologic study).® Amenorrhea and osteoporosis
often occur in conjunction with disordered eating
and comprise a condition referred to as the female
athlete triad (Level of Evidence C, consensus
expert opinion).* Premature osteoporosis is asso-
ciated with increased risk of stress fractures (Level
of Evidence B, epidemiologic study).® It is
unclear whether delayed menarche has similar
effects on bone density; however, studies in
young ballet dancers have found that delayed
menarche is associated with a delay in bone
(Level of Evidence B, epidemiologic study). It
remains to be seen whether the delay in bone
density development is merely temporary, with
catch-up bone development after menarche
occurs, or whether the reduction of bone density
is permanent.

Gender differences in both aerobic capacity
and muscle strength become apparent at puberty,
due to the increase in muscle mass in boys and
the rise in body fat in girls. Prior to puberty, no
appreciable differences between boys and girls
in endurance, strength, height, or body mass are
observed; therefore, coeducational participation
prior to puberty is not thought to place girls at a
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competitive disadvantage or at increased risk of
injury. After puberty, however, most girls are
unlikely to compete on an equal basis with boys
their age and may be at increased risk of injury
due to the discrepancy in strength and size.

There may be dramatic physical differences
between individuals of the same gender, particu-
larly boys, as children experience puberty across
a wide age spectrum. For this reason, many
authorities feel that children’s participation in con-
tact sports would be more appropriately matched
on the basis of size and maturational stage than
on the basis of chronologic age. Skeletally imma-
ture athletes should be counseled with regard to
the potential risks of injury in competing in con-
tact sports against athletes who are physically
more mature.

INJURIES IN THE IMMATURE
SKELETON

Musculoskeletal injuries in sports typically fall into
two categories: (1) acute traumatic injuries (mac-
rotrauma), which generally occur as a result of
single events such as a blow or twist, and (2)
overuse injuries (microtrauma), which occur
insidiously as a result of repetitive musculoskel-
etal stress, such as occurs with rigorous training
and/or biomechanically incorrect activity.
Although overuse injuries used to be considered
rare in children, they now account for the majority
of sports injuries seen in children. The rise in
overuse injuries is thought to be a direct conse-
quence of the rise in organized sports and the
repetitive training programs often associated with
these activities. Risk factors are outlined in Table
18.2.

TABLE 18.2
Risk Factors for Overuse Injury in Children

Training error

Incorrect biomechanics
Anatomic malalignment
Improper environment
Muscle-tendon imbalance
Vulnerability of growth cartilage
Growth process

Overtraining

Associated disease states
Nutritional factors

Cultural deconditioning

GROWTH:

GROWTH PLATE

EPIPHYSIS
(ARTICULAR CARTILAGE)

APOPHYSIS
(TENDON INSERTION)

Figure 18.3 Growth cartilage is present at three
sites, the growth plate, the articular surface, and
the apophyses and is susceptible to overuse injury
at each of these sites. (From O'Neill, D.B. et al.,
in Injuries in the Young Atblete, Micheli, LJ., Ed.,
Clin. Sports Med., 7(3), 591-610, 1988, p. 590.
With permission.)

Children differ from adults with regard to sus-
ceptibility and patterns of sports injuries. Both the
presence of growth cartilage and the growth pro-
cess itself are thought to place children at
increased risk for injury. Growth cartilage occurs
at three sites in the immature skeleton: (1) the
epiphysis (growth plates), (2) the joint surface
(articular cartilage), and (3) the apophysis (sec-
ondary growth centers around joints that are the
attachment sites of ligaments and tendons) (Fig-
ure 18.3). Both acute injury (macrotrauma) and
overuse injury (microtrauma) can occur at all
three sites (Table 18.3). The musculoskeletal sys-
tem appears to be most vulnerable to injury dur-
ing the period of peak height velocity during
adolescence,*® perhaps due to biochemical
changes that occur during rapid growth. In addi-
tion, rapid bone growth that occurs during the
adolescent growth spurt results in relative tight-
ness of muscle-tendon units spanning the joints.
The resulting diminished flexibility places the
adolescent at increased risk of overuse injury. For
these reasons, it may be prudent to decrease the
intensity of training during the periods of rapid
growth and to place increased emphasis on
stretching exercises to improve flexibility.

Surveys of high school sports injuries show
that 70 to 80% are considered minor, causing the
athlete to miss less than a week of participation.
Most are sprains, strains, and contusions. Highest
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TABLE 18.3
Common Injuries of Growth Centers of the Immature Skeleton
Site Macrotrauma Microtrauma
Epiphysis Acute epiphyseal fracture: Epiphysitis:

Distal femoral epiphysis

Distal fibular epiphysis

Distal radial epiphysis

Slipped capital femoral epiphysis

Articular cartilage  Osteochondral fracture:
Knee

Talus

Elbow

Apophysis Acute apophyseal avulsion fracture:

Iliopsoas insertion at lesser trochanter
Sartorius origin at anterior superior iliac spine

Rectus femoris origin at anterior inferior iliac spine

Hamstring origin at ischium
Abdominal muscles at iliac crest

Hip adductors at pubic rami

Flexor/pronator origin at medial humeral

epicondyle

Distal femoral epiphysis (swimming)

Proximal humeral epiphysis
(Little League shoulder)

Distal radial epiphysis (gymnast’s wrist)
Proximal radial epiphysis (throwing)
Osteochondritis dissecans:

Femoral condyles

Talus

Radial head

Capitellum

Apophysitis:

Apophyses about the hip and pelvis
(see left column)

Tibial tubercle (Osgood—Schlatter’s)
Posterior calcaneus (Sever’s)
Patella (Sinding-Larsen—Johansson)
Medial humeral epicondyle

Olecranon

rates of injury occur in the sports of wrestling,
football, gymnastics, cross-country, and soccer.
Girls sustain a higher proportion of injuries to the
lower extremities than boys. Younger athletes
(prepubertal) are more likely to sustain injuries
to the upper extremity, such as fractures of the
wrist, forearm, and clavicle, due to falls on the
outstretched arm. These injuries occur more com-
monly from accidents during recreational activi-
ties such as skating, cycling, and climbing than
during organized sports. Lower extremity injuries
predominate in older children and adolescents,
particularly in girls.

Injury Patterns in Girls

In 1970, 1 out of 27 girls played sports as opposed
to 1 out of 2.5 today. Between 1972 and 2001,
the number of girls participating in high school
sports exploded from 294,000 to 2.8 million. The
increased participation of girls has raised con-
cerns whether girls are at higher risk of injury
than boys. Evidence suggests that injury rates for
girls are different from those for boys, especially
with regard to anterior cruciate ligament (ACL) tears

of the knee (Level of Evidence B, epidemiologic
study).® Adolescent and collegiate female athletes
are two to eight times at greater risk for ACL tears
than males, especially in the sports of basketball,
soccer, and volleyball. Possible risk factors
include deficiencies in training or skill level, lower
extremity malalignment, smaller femoral notch
size, hormonal factors, muscle firing and strength
imbalances, and suboptimal biomechanics during
jumping, landing, cutting, and pivoting. Recent
evidence suggests that training girls to land, cut,
jump, and pivot more like boys may reduce ACL
injuries (Level of Evidence B, clinical cohort
study).®®" A cohort study done in adolescent
female soccer players found an 88% reduction in
ACL tears in the group participating in a preven-
tive training program including stretching,
strengthening, plyometrics, agility drills, and
avoidance techniques (Level of Evidence B, clin-
ical cohort study).>

After puberty, girls seem more prone to over-
use injuries, particularly of the lower extremities.
This is thought to be due to lower extremity
malalignment (femoral anteversion, genu valgum,
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external tibial torsion, hindfoot pronation) that is
more prevalent in girls than boys and becomes
more pronounced with the body changes of
puberty in girls. An additional contributing factor
is the increase in body fat that girls experience
at puberty, in contrast to the increased muscle
mass that occurs in boys. Increased body fat may
also contribute to decreased performance and a
less fit appearance, triggering extreme weight
control behaviors and eating disorders.

Epiphyseal Injury

Children are at unique risk of injury to the epi-
physis. It is estimated that 10% of all skeletal
trauma in childhood involve epiphyseal injury.>?
Epiphyseal injury can lead to major skeletal
growth disturbances such as limb length discrep-
ancies and joint angle deformities; however, epi-
physeal injuries associated with sports are usually
not severe, and less than 5% of epiphyseal injuries
result in subsequent growth disturbance.>

The epiphyseal plate is two- to fivefold weaker
than the surrounding ligamentous structures. The
epiphysis is particularly vulnerable during the
period of rapid growth at puberty. For this reason,
the incidence of epiphyseal injuries peaks during
puberty in conjunction with the adolescent
growth spurt. In the skeletally immature, acute
physeal fractures rather than ligament injuries
usually occur. As the skeleton matures, ligament
injury is more likely. Therefore, injuries that
would result in ligamentous damage in adults may
cause epiphyseal fracture in children and adoles-
cents with open epiphyseal plates. A common
example is a valgus injury to the knee, which
would result in a sprain of the medial collateral
ligament in an adult but may cause epiphyseal
fracture of the distal femoral epiphysis in adoles-
cents. Similarly, inversion injury at the ankle,
which results in the typical sprain of lateral ankle
ligaments in adults, may cause a fracture of the
distal fibular epiphysis in children. Similarly,
injury to the wrist in children often results in distal
radial epiphyseal fracture rather than the wrist
sprains seen in adults. A slipped capital femoral
epiphysis is a variant of epiphyseal fracture that
presents as hip pain at the onset of the adolescent
growth spurt, particularly in children who are
obese or of large build.

Epiphyseal fractures are usually categorized
according to the Salter and Harris classification
scheme (Figure 18.4).5°> The majority of epiphyseal
injuries in athletes are type I and type II injuries.
If good reduction and adequate immobilization
are achieved, type I and type 1II injuries rarely

Figure 18.4 The Salter—Harris classification of
epiphyseal fractures. A Salter V typically is not
visualized radiographically. The epiphysis usually
fuses in whole or in part with the metaphysis
within 1 year.

result in growth disturbances. Orthopedic consul-
tation is advisable. Type III, IV, and V injuries
have a higher likelihood of subsequent growth
disturbance due to bone bridge formation across
the physeal plate and often require surgical inter-
vention to obtain appropriate alignment. These
types of injuries occur infrequently in sports and
are usually associated with trauma from falls or
motor vehicle accidents. The possibility of epi-
physeal injury should be suspected in any joint
injury in a child with open epiphyses, particularly
during the time of the adolescent growth spurt.
The diagnosis of “sprain,” implying ligamentous
injury only, should be made with caution in the
immature skeleton.

The epiphysis is not only vulnerable to frac-
tures as a result of macrotrauma but is also sus-
ceptible to overuse injury as a result of repetitive
stress to the region. This is most likely to occur
in children involved in intensive training pro-
grams with emphasis on a single sport and pre-
sents as persistent pain at the location of the
physis. Common sites include the distal femoral
epiphysis associated with breast-stroke swimming
or water polo, and the proximal humeral epiphy-
sis in baseball (“Little League shoulder”) and ten-
nis. These conditions usually respond well to
temporary activity modification and lead to no
long-term sequellae. Epiphyseal growth arrest and
associated degenerative changes secondary to
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sustained repetitive microtrauma are observed at
two sites: the distal radius in gymnasts (Level of
Evidence C, consensus expert opinion),>*>” and
the distal humerus in baseball pitchers.”® Concern
has been raised with regard to the potential of
similar epiphyseal damage in the lower extremi-
ties due to repetitive impact of long-distance run-
ning in children. To date, such injury has not
been documented. Similarly, studies of weight
lifting in children have found no evidence of even
subclinical epiphyseal microtrauma on the basis
of bone scan® (Level of Evidence B, systematic
review) or evidence of cartilage or connective
tissue injury on the basis of various serum and
urinary markers? (Level of Evidence B, systematic
review). However, caution should be exercised
with regard to the skeletal consequences of inten-
sive training during childhood® (Level of Evidence
C, consensus expert opinion) and participation in
endurance events such as marathons® (Level of
Evidence C, consensus expert opinion) and
triathlons® (Level of Evidence C, consensus expert
opinion), because long-term studies are lacking.

Apophyseal Injury

The apophysis is a center of ossification similar
to an epiphysis, but it does not contribute to the
long growth of bones. It is the site of attachment
of muscle-tendinous units on bone and often is
associated with a prominence of the bone at the
site, such as the tibial tubercle at the knee or the
epicondyles of the elbow. In children, the junc-
tion between the apophysis and the underlying
bone has not completely ossified and is weaker
than the muscle or tendon attached to it; there-
fore, tensile forces at this site result in injury to
the apophysis rather than to the muscle—tendon
unit (as would present as muscle strains in adults).
Injury from both macrotrauma and microtrauma
can occur at these apophyseal sites.

Sudden contractile forces during sports can
result in avulsion fracture of the apophysis, in
which a portion of the apophysis is pulled off
the underlying bone with the muscle-tendinous
unit still attached. Typically such injuries are asso-
ciated with a sudden, painful popping sensation.
Most commonly they occur around the hip and
pelvis at the following sites: the iliopsoas insertion
into the lesser trochanter, the sartorius origin at
the anterior superior iliac spine, the rectus femoris
origin at the anterior inferior iliac spine, the ham-
string origin at the ischium,% the abdominal mus-
cles attachment along the iliac crest, and the hip
adductors attachment at the pubic ramus. Although
associated with marked pain and disability, such
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injuries generally respond to rest and rehabilitation
and rarely require surgical intervention, unless the
avulsed fragment is large or significantly dis-
placed.

In addition to acute avulsion fractures, overuse
injuries of the apophysis also occur. They are
often referred to as apophysitis and represent
chronic repetitive traction at the site. These inju-
ries can occur at all the aforementioned apophy-
ses about the hip and pelvis, in addition to several
other sites. Perhaps the four most common sites
are at the calcaneus (Sever’s disease), the tibia
(Osgood-Schlatter’s disease), medial epicindyle
of the elbow, and the iliac crest. Iliac crest apo-
physitis occurs as a result of traction of the
abdominal muscles at their site of insertion along
the iliac crest. Fusion of the iliac crest apophysis
occurs at about age 16 in boys and age 14 in
girls. The condition presents as tenderness over
the iliac crest and is exacerbated by activity
requiring extension of the hip or extension and
rotation of the back. It is frequently seen in
association with hill running, throwing, rowing,
and hurdling.

Articular Cartilage Injury:

Osteochondritis Dissecans

Osteochondritis dissecans (OCD) refers to the
development of an osteochondral fragment of
articular cartilage at a joint surface. The fragment
may be composed entirely of cartilage or have
an osseous component of various sizes. The frag-
ment may be in situ, partially detached, or com-
pletely detached. Although the etiology of OCD
is most likely multifactorial,®%4 it is thought that
trauma may play a role.®* OCD can occur as a
result of acute macrotrauma to the joint surface,
leading to fragment formation and chronic non-
union secondary to avascular osteonecrosis. In
addition, growing evidence suggests that repeti-
tive microtrauma to the joint surface may also
contribute to the development of OCD. Osteo-
chondritis dissecans usually presents during the
second decade of life. The vast majority of cases
occur at the distal femur, classically on the lateral
aspect of the medial femoral condyle. The patella,
the talus, and the capitellum of the humerus are
other common sites. Initial symptoms are often
vague and consist of pain, often related to activity
level. If the fragment becomes detached, mechan-
ical symptoms such as catching, locking, and joint
effusion may develop. Because history and phys-
ical findings are usually nonspecific, the diagnosis
is usually made on the basis of x-rays. Often
special x-ray views, such as a notch view of the
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TABLE 18.4

Osteochondroses

Femoral head (Legg—Calve—Perthes)
Capitellum (Panner’s)

Vertebral endplates (Scheuermann’s)
Tarsal navicular (Kohler’s)
Metatarsal head (Freiberg’s)

Lunate (Kienbock’s)

knee, or advanced imaging techniques such as
magnetic resonance imaging (MRD) or computed
tomography (CT) are required to visualize the
lesion. Prognosis and treatment depend on the
age of the patient, degree of symptoms, and
stability and location of the lesion. The goal is to
achieve union of the fragment and restore the
integrity of the joint surface. Nonoperative treat-
ment is often successful in patients with open
epiphyses, and spontaneous healing can occur
with activity modification, protection, and per-
haps immobilization. Surgical treatment is usually
indicated for those who fail conservative treat-
ment, have detached fragments, or are skeletally
mature. Surgery involves either debridement to
the fragment or internal fixation with drilling or
bone grafting of the base.

The Osteochondroses

Osteochondritis dissecans should be distin-
guished from the osteochondroses. The osteo-
chondroses represent a group of developmental
abnormalities of ossification that can occur at any
epiphysis and can involve the articular surface,
secondary ossification center of the epiphysis, or
the physeal plate. The most common of these are
listed in Table 18.4. It is often difficult to distin-
guish osteochondrosis from normal variations in
ossification on radiographs. Some osteochon-
droses, such as Legg—Calve—Perthes disease and
Kienbock’s disease, are thought to be due to
avascular osteonecrosis. For other osteochon-
droses, such as Panner’s disease of the elbow,
the etiology is unclear but is thought to be due
in part to stress applied to bone in which ossifi-
cation is delayed, resulting in disordered endo-
chondral ossification of the epiphysis.®> In most
cases, the condition is self-limited, and reconsti-
tution of the ossification center will occur with
evidence of radiographic healing and relief of
symptoms.

GUIDELINES FOR EXERCISE
PROGRAMS FOR CHILDREN

Children should participate in activities
that promote physical fitness as well
as acquisition of sports skills.

To encourage long-term participation,
sports programs for children should
emphasize personal involvement, vari-
ety, success, and fun rather than com-
petition, regimentation, and winning.
Modification of equipment and rules
should be made to suit the develop-
mental level of the participants.
Safety should be a priority with regard
to appropriate setting, equipment, pro-
tective gear, program design, and rules
of play.

Prior to puberty, no appreciable differ-
ences exist between boys and girls in
endurance, strength, height, or body
mass, and they can compete in a coed-
ucational setting on an equal basis.
Children are at increased risk for heat
stress; appropriate precautions should
be taken to ensure adequate hydration
and acclimatization.

For optimal physical matching of chil-
dren in contact sports, consideration
should be given to body size and mat-
urational stage in addition to chrono-
logical age (see Chapter 3).

The immature skeleton is uniquely vul-
nerable to injury to growth centers at
the epiphysis, articular cartilage, and
apophysis. Risk of injury is increased
during periods of rapid growth, such
as the adolescent growth spurt. To
reduce risk of injury, it is prudent to
decrease intensity of training and
increase emphasis on stretching to
improve flexibility during this period.
Pubertal changes in girls raise specific
concerns. Beginning at puberty, female
athletes are at higher risk of lower
extremity injuries, particularly overuse
injuries and anterior cruciate ligament
tears of the knee. They are also at
increased risk of engaging in extreme
weight control behaviors and develop-
ing eating disorders. When intensive
training is combined with dietary
restriction, female athletes are at risk
of delays in height, pubertal matura-
tion, and bone density development.



Growth and maturation of girls engag-
ing in intensive training should be
monitored closely so that training
intensity and dietary restriction can be
modified if problems are recognized.

10. Early specialization in a single sport,
intensive training, and year-round
training should be undertaken with
caution with regard to increased risk
of overuse injury, psychological stress,
and burn-out.

11. Prior to puberty, aerobic conditioning
to improve endurance is of limited
value. Similarly, strength gains due to
strength training programs are small
and unlikely to improve athletic per-
formance. Children are more likely to
improve sports performance by prac-
ticing the skills of the sports itself,
rather than from additional aerobic or
strength training programs.

12. Strength training for children should
emphasize sets of low-resistance and
high-repetition exercises utilizing
appropriate-size equipment and super-
vision by qualified adults. No resis-
tance should be applied until proper
form is achieved, then 6 to 15 repeti-
tions per set, 1 to 3 sets per session,
2 to 3 times per week, for periods of
20 to 30 minutes. Resistance or weight
is increased in 1- to 3-lb increments
only after 15 repetitions in good form
can be demonstrated. Weight lifting,
power lifting, body building, maximal
lifts, and competition should be pro-
hibited until growth and maturation
are complete.

SUMMARY

Recreational and sporting activities for children
are generally safe. Most injuries are minor and
self-limiting; catastrophic injuries are rare. While
youth are capable of high levels of training inten-
sity and competition, enjoyment with acquisition
of sport-specific skills is the appropriate goal for
children’s physical activities. Sound coaching,
careful preparticipation assessment, regular pre-
ventive strategies, and effective injury manage-
ment will maintain children’s already high levels
of health and reinforce a lifelong habit of fitness
through exercise.
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INTRODUCTION

America has two very interesting processes occur-
ring today. One is that the U.S. population is
growing older (the euphemistically termed “gray-
ing of America”). The other is that Americans are
becoming progressively more health conscious
and exercising more. As these two processes
overlap, an unprecedented number of elderly ath-
letes (65 years of age or older) are lacing up their
jogging or walking shoes, putting on their golf
gloves, toning up, trimming down, and basically
deciding to “use it or lose it.”

That our society is aging is of little doubt.
Demographers have relished pointing out that, in
1995, 34 million people were over age 65 (12.5%
of the population) and that, in 2030, when all of

0-8493-1464-X/04/$0.00+$1.50
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the baby boomers have reached 65, the country
will have 69 million elderly (20% of the total
population). The average life expectancy is
increasing, in part through better exercise and
nutrition, so that persons reaching age 65 will
have a life expectancy of 81.4 years for men and
85 years for women. The older population is itself
becoming older, with those in the 65 to 74 age
group being 3 times more numerous than the
population of that age in 1900, those in the 75
to 84 year age group being 13 times greater, and
the 85-plus age group (the fastest growing seg-
ment of our population) being 24 times more
numerous.!

That America and elderly Americans are being
encouraged to exercise more is also undisputed.
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The American Heart Association, President’s
Council on Fitness, American Association of
Retired Persons, and U.S. Preventive Services Task
Force are encouraging the elderly to become
more physically active and to develop a program
of physical activity tailored to their health status
and life-style.??

Not only are the elderly responding to this call
to athletic arms by becoming more active, but
they are also becoming more competitive. The
Senior Olympics and the Senior Professional Golf
Tour are just two recent examples of this trend,
and many more competitions for the elderly will
emerge soon. Dramatic improvements have also
occurred in most seniors- or masters-level world
records in swimming and track and field.* The
intensity and commitment to training and exer-
cising that characterize many young adults is now
being carried into the elderly years. Examples of
these older athletic “All Stars” include Bobby
Riggs, Chi Chi Rodriguez, Jack Lalanne, Satchel
Paige, and Arnold Palmer.

PHYSIOLOGIC
CONSIDERATIONS/BENEFITS

It is important to keep in mind that sometimes it
is very difficult to determine which bodily
changes are due strictly to aging and which are
due to disuse. These physiologic changes prob-
ably result from a combination of both factors.

Muscle
Sarcopenia is a decline in muscle mass and
strength that occurs with the normal aging pro-
cess. All humans lose muscle mass and function
as they age, even master athletes who are very
active into advanced age.” The loss of muscle
tissue is both quantitative (decline in myocytes)
as well as qualitative (decline in strength). Sar-
copenia is no doubt multifactorial, with neuro-
logical, hormonal, nutritional, metabolic, and
physical-activity-related changes and other dis-
ease co-morbidities all playing key roles. As one
ages from 30 to 80, muscle mass decreases in
relation to body weight by about 30 to 40%.!
Most studies indicate that maximal strength
measures peak in the third decade of life and
plateau until about age 50, with a steady decline
after that® Muscle size and mass appear to
decrease with aging; by age 65 to 75, men show
a 20 to 25% decrease in quadriceps size by ultra-
sound scanning compared to men in their 20s.4¢
Isometric strength of the quadriceps is also
reduced by 39% in this elderly group.* Computed
tomography (CT) scanning of arm and leg muscle

size in young (25 to 38) and elderly (65 to 90)
men demonstrated that the elderly men’s muscles
were smaller by 28 and 36%, respectively.® The
lower extremity musculature declines at a faster
rate than upper extremity musculature.> Other
studies, however, have demonstrated little or no
change in strength up to age 60.# An age-related
decrease in muscle fibers and number of motor
units has been observed, as well as a possible
reduction in the number of Na-K pumps, which
effect excitation—contraction coupling.*

Nonetheless, isometric and isokinetic strength
and muscle mass in an older athlete can improve
with a training program, and the training response
is similar to that seen in younger men.*%7 Aerobic
capacity has also been shown to decline with age
in active runners and swimmers, reflecting a
decline in muscle and aerobic capacity.?

In sum, muscle mass and strength are lost
slowly with aging. How much of this loss is
secondary to disuse and how much is strictly age
related is unclear, however. No doubt this loss
can be minimized or even negated by continual
use and exercise of the body’s musculature, and
improvement in strength and size of “old muscle”
can be achieved.

Bone

Bone is a very dynamic tissue that is constantly
undergoing deposition and reabsorption. The
aging process slows the process of resorption and
redeposition of the salts and protein in bone
matrix, resulting in a weaker bone. Additionally,
an age-related decrease in total body calcium
occurs.* Bone increases in mass by radial depo-
sition until about the age of 30. Bone mass then
plateaus until about age 40 in both sexes, after
which cortical bone loss occurs at approximately
0.3 to 0.5% per year in both men and women.*8
At menopause, bone loss accelerates in women,
with 2 to 3% being lost per year for approximately
5 years after menopause.® Trabecular bone loss
is more variable and independent of menopausal
changes, with a loss of roughly 1.2% per year in
men and women.* Trabecular bone loss precedes
cortical bone loss by at least a decade in both
sexes. At this rate, women may lose 30 to 35%
of their cortical bone mineral mass and 50% of
their trabecular mass by age 70.4° The corre-
sponding loss in men is about 20% of cortical and
33% of trabecular bone.*

Bone loss can be diminished by regular activity
and exercise of the skeleton, in combination with
good nutrition. Cross-sectional studies of athletes
have demonstrated a larger bone mass and density
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compared to age-matched sedentary controls.*
Additionally, CT scans of the first lumbar verte-
brae of runners with osteoarthritis and osteoporosis,
when compared to age- and sex-matched controls
who did not run, showed them to have maintained
greater bone density than the nonrunners.”

Cartilage

Aging produces change in articular cartilage struc-
ture and function. Those changes primarily
include smaller proteoglycan subunits and a loss
of cartilage water content. These alterations
decrease the elasticity of cartilage and may lead
to an increased incidence of osteoarthritis. Joints
postulated to be of greatest risk for this degen-
erative cartilaginous change include the knees,
hips, ankles, and spinal facet joints.® Additionally,
the small distal joints of the feet and hands are
often involved. Multiple studies and papers have
addressed the issue of degenerative arthritis or
osteoarthritis and its association with running.®-13
None of these studies has demonstrated evidence
of premature osteoarthritis changes in patients
studied, and it appears that running actually slows
the rate of premature degenerative arthritis.® Clin-
ically, if an older runner already has degenerative
arthritic changes, the impact of running may
accelerate the condition.® It is therefore prudent
to suggest for these patients an alternative exer-
cise regimen that does not have the same impact
on the ankle, knee, and hip. Athletic endeavors
that involve quick cutting, jarring, and impact
motions, such as tennis, racquetball, and basket-
ball, carry the most injurious forces to cartilage.

Ligaments and Tendons

Ligaments and tendons become less elastic sec-
ondary to a decrease in water content, predispos-
ing the elderly to an increased risk of sprains and
strains.® Decreased flexibility is common with
both disuse and aging. A well-designed and reg-
ular stretching program before and after exercis-
ing is very important in the elderly and helps to
maintain muscle flexibility, decreases the forma-
tion of excess collagen fiber cross-linkages, and
helps to preserve full joint range of motion.® Lack
of flexibility and decreased range of motion in
the elderly increase the stress and force directly
borne by the joint and predispose the muscula-
ture to tears.’

Nervous System

Aging produces a 37% decrease in the number
of spinal cord axons and a 10% decline in nerve
conduction velocity.® The sensory nerves are also
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more predisposed to neuromas and hypersensi-
tivity secondary to weather changes.® Vision and
hearing also decrease, as do reaction time and
quickness. In fact, quickness is lost long before
flexibility and strength.

Cardiovascular System

As one ages, maximum oxygen uptake (VO,,.)
declines steadily, and anaerobic endurance
decreases by approximately 35%, or 6.9% per
decade.®" Cardiac output similarly decreases by
about 6 to 8% per decade throughout adulthood,
and maximum heart rate declines by 3.2% per
decade, or roughly according to the following
equations: 814

220 — age (years) = maximum heart rate
(beats per minute) for men

190 — (0.8 x age [years)) = maximum heart rate
(beats per minute) for women

Average 10-km run times slow by approximately
6% per decade.® The cardiovascular—pulmonary
system, however, is exceedingly responsive to
conditioning and with regular exercise, such as
running, maximum heart rate decline can be
slowed and VO,,,,. and endurance can be main-
tained.®1>10 Not surprisingly, it has also been dem-
onstrated that a running or similar aerobic pro-
gram is a better way to improve cardiovascular
endurance, VO,,., and physical capacity than is
a weight-lifting program for trained, healthy eld-
erly.l” Cross-training in the elderly utilizing a com-
bination of aerobic conditioning (such as running,
swimming, cycling, or rowing) and weight lifting
for potential additive results makes intuitive
sense.

Regularly performed endurance exercise favor-
ably modifies the lipid and lipoprotein profile in
elderly male runners (66 years + 5 years) by
producing an increase in high-density lipoprotein
cholesterol (HDLC) and thus may reduce the risk
of coronary artery disease in the elderly.’® Regular
exercise, however, is not a panacea or vaccine
against coronary artery disease, and the athlete’s
perception of risk reduction should be dis-
cussed.?

Kidneys

Glomeruli are lost as one ages, with a correspond-
ing loss in kidney filtration, and a decrease in
cellular and total body water predisposes the
elderly to dehydration.? It is therefore recom-
mended that the elderly move indoors in
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TABLE 19.1

Sports Injuries in the Elderly

Diagnosis Number Percent (%)
Tendinitis 181 23.0
Patellofemoral pain syndrome 79 10.0
Osteoarthritis 73 9.3
Muscle strain 69 8.8
Ligament sprain 64 8.1
Plantar fasciitis 47 6.0
Metatarsalgia 45 5.7
Meniscal injury 39 5.0
Degenerative disk disease 34 4.3
Stress fracture/periostitis 29 3.7
Unknown 26 3.3
Morton’s neuroma 22 2.8
Inflammatory arthritis 20 2.5
Multiple diagnoses 16 2.0
Vascular compartment 10 1.3
Bursitis 10 1.3
Adhesive capsulitis 8 1.0
Rotator cuff tear 5 0.6
Subcromial impingement 4 0.5
Achilles tendon rupture 3 0.4
Spondylarthritis of C-spine 2 0.25

Source: Data from Mathewson et al.,?? Kannus et al.,?> and DeHaven and Lintner.?

extremely hot weather and/or break up workouts
into alternating sequences of jogging or cycling
for 10 minutes and walking for 5 minutes.?
Because the elderly are often not aware of dehy-
dration because of blunted thirst, it is advisable
to have them drink fluids before, during, and after
exercising.

Psychologic Benefits

The psychologic benefits of regular exercise can-
not be overemphasized. Older athletes who run
and walk regularly have been found to be less
tense, depressed, fatigued, angry, and confused
and to have greater vigor, a more positive attitude,
and higher self-esteem with regard to themselves
and their physical fitness.?>* When asked why
they exercised, 93% of the population over 55
years of age reported exercising to feel better.?

COMMON INJURIES
Injuries seen in the exercising elderly are almost
exclusively overuse injuries (Tables 19.1 and

19.2).22% Overuse syndromes account for 70 to
85% of the total injuries in these tables.?>?3 The
knee is by far the most common injury site in the
elderly, similar to injuries in younger athletes.?-20
Most of these injuries are related to running or
walking. The elderly tend to gravitate away from
high-impact, contact, and team sports and settle
on more individual sports that they can master
and control. The reason for the increase in knee
and foot problems in the older athlete is probably
secondary to reduced strength and flexibility of
the lower limb and thus decreased shock-absorb-
ing capabilities of the knee and foot.?> The clini-
cian should examine the patient carefully to deter-
mine if the elderly athlete’s symptoms are due to
osteoarthritis or to an extra-articular soft tissue
syndrome occurring in conjunction with radio-
graphic evidence of osteoarthritis.?? The elderly
often take a wait-and-see attitude toward their
injuries, as many of the overuse injuries are slow
to develop;? therefore, they tend to present late,
may be more recalcitrant, and have been treating
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TABLE 19.2
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Sites of Sports Injuries in the Elderly 222324

Location Number Percent (%)
Knee 237 31.0
Foot 139 18.0
Lower leg 78 10.1
Shoulder 68 8.8
Ankle 03 8.1
Lumbosacral spine 43 5.6
Multiple sites 43 5.6
Elbow 34 4.4
Hip/pelvis 31 4.0
Upper leg 20 2.6
Neck 11 1.4
Wrist/hand 7 0.9

Source: Data from Mathewson et al.,?> Kannus et al.,?> and Hogan and Cape.?*

their injuries at home. Most of the older athlete’s
shoulder, tendon, and ligament problems are sec-
ondary to degenerative changes in combination
with overuse.

DIAGNOSIS AND TREATMENT
Diagnosis can easily be made in 70 to 84% of
injured older athletes with nothing more than a
good history and physical exam.???3 The following
questions are helpful and necessary to ask these
elderly athletes: Are your symptoms aggravated
by activity? Exacerbated by a pre-existing prob-
lem? Precipitated by a sudden change in intensity
level, a single severe session, or trauma?*! Further
diagnostic aids such as a plain radiograph, CT
scan, magnetic resonance imaging (MRD), or radi-
onuclide scan are obtained when felt necessary.
Consultation may be helpful in about 15% of
cases.?

Because most of the elderly athlete’s problems
are overuse injuries, a conservative treatment pol-
icy is warranted. These problems, as in younger
athletes, should respond well to PRICEMM (see
Chapter 27). In treating the elderly with drugs,
three caveats should be remembered. First, start
low and go slow. Start any nonsteroidal anti-
inflammatory drug (NSAID) or COX II inhibitor
at a low dose and proceed slowly before raising
the dose. Second, remember that the elderly are
frequently on other medications, so check for
potential drug—drug interactions. Third, remember
that therapy of injuries in the elderly takes longer
than it does for younger persons, so begin reha-
bilitation as soon as possible. A useful guideline

is that treatment duration should be at least twice
as long for an athlete 60 years or older than for
a 20-year-old athlete, and three times as long for
athletes older than 75.2 A successful return to
activity can be obtained if adequate treatment,
rest, and rehabilitation are provided. One useful
approach is to decrease activities by 15 to 25%
of usual activities until symptoms disappear. Sim-
ilarly, an increase in activities can gradually be
returned in increments of 15 to 25% over 3 to 6
weeks, depending on the condition.

Physical therapy has much to offer the older
athlete including ultrasound, diathermy, ionto-
phoresis, and range of motion and stretching
exercises. Simple, inexpensive items such as
hand-held free weights and elastic rubber tubing
can be used at home following simply written,
printed instructions to increase patient compli-
ance and reduce patient cost for rehabilitation.
Muscle strengthening, particularly quadriceps
strengthening, is crucial for knee-related prob-
lems and can easily be taught to the elderly.
Orthotics and braces may also play a role for such
problems as Achilles tendinitis, ankle instability,
posterior tibial tendinitis, plantar fasciitis, and
Morton’s neuroma. If the above measures do not
work, then local steroid injections and/or surgery
may be necessary. Local steroid injection was
used in 10% of the elderly seen for their sports-
related injuries in one study.?> Most sports-related
injuries in the elderly are easily managed with a
common-sense and conservative approach, with
only 2 to 4% requiring surgery.?>23
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Contributing factors and age-related changes
that may contribute to athletic problems in the
elderly include decreases in muscle mass, flexi-
bility, reaction time, bone mass, and cartilage
thickness and resilience, as well as impaired
vision, hearing, proprioception, temperature reg-
ulation, and balance. A regular program of exer-
cise and range of motion activities will help main-
tain muscle mass and flexibility. In return, muscle
mass and flexibility will decrease musculoskeletal
injuries. Problems with arthritis can subsequently
be helped with reduced-weight-bearing activities
such as swimming, stationary cycling, or elliptical
training devices. Osteoporosis can be helped by
a regular exercise program (full weight bearing).
For elderly patients who suffer from poor vision,
hearing, and balance problems, a stationary bicy-
cle or elliptical training machine may provide
good exercise while maintaining balance in a safe
environment.

Exercise after myocardial infarction is in no
way contraindicated; however, a program must
be tailored to the individual’s condition and
should start with low-impact aerobic exercise
(such as walking or stationary cycling) and should
build up slowly in duration, frequency, and inten-
sity as the patient demonstrates tolerance. Exer-
cise after arthroplasty or joint replacement also is
not contraindicated. However, limited-weight-
bearing activity is preferred, such as water con-
ditioning, stationary cycling, or elliptical training
for endurance while decreasing joint stress.

PREPARTICIPATION

SCREENING AND THE

EXERCISE PRESCRIPTION

Because chronological age does not equate to
physiologic function, it is extremely important
that the physician individualize the exercise pre-
scription to the needs and abilities of the partic-
ular older athlete being evaluated. The principles
of exercise prescription are similar for people of
all ages. The goal is to improve cardiovascular
and muscular fitness.?” The physician’s role is to
understand these principles and suggest an exer-
cise plan that takes into account an individual’s
goals and physical abilities and to help keep the
patient motivated and compliant. Many older
patients, however, have some unique challenges
that must be overcome in order for them to be
compliant with an exercise prescription.

Preparticipation Screening

Before beginning an exercise program, older
adults should have a complete history and phys-
ical.?”® In this physical, the physician should try
to identify and modify any risk factors or physical
conditions that could adversely affect the patient
while exercising. There are very few absolute and
relative contraindications to aerobic and resis-
tance training for the older athlete. The absolute
contraindications include recent electrocardio-
gram changes or myocardial infarction, unstable
angina, third-degree heart block, acute heart fail-
ure, uncontrolled hypertension, and uncontrolled
metabolic disease. Relative contraindications
include cardiomyopathy, valvular heart disease,
and complex ventricular ectopy. However, even
patients with these contraindications can exercise
at low levels once appropriate modifications have
been made. Patients who are low risk and are
asymptomatic are able to exercise without any
further evaluation beyond a comprehensive his-
tory and physical exam. However, moderate risk
individuals — men, >45 years of age and women
>55 years of age or persons who have two or
more risk factors, diabetes, or known or major
symptoms of pulmonary or metabolic disease —
should undergo cardiac stress testing before
beginning vigorous exercise (>6 MET or exercis-
ing at >60% VO,,.,.). These individuals can
engage in moderately intense exercise (3 to 6
MET or >40% and <60% VO,,..) without a stress
test (Level of Evidence C, consensus opinion).?’
Frequently, information gathered in a stress test,
even in low-risk individuals, can be used in estab-
lishing a safe and effective exercise prescription.
The stress test can aid in assessing an individual’s
fitness level and defining an appropriate range of
exercise intensity; however, most elderly patients
can begin a low to moderate resistance and aer-
obic training program without a stress test if they
begin slowly, and gradually increase their exer-
cise load. Patients should be reevaluated if they
develop any symptoms of concern during exer-
cise. In general, a preparticipation screening elec-
trocardiogram has limited use and is not required.
For individuals with known cardiac disease, the
1995 American Hospital Association guidelines
provide recommendations for participant and or
patient monitoring and supervision and for activ-
ity restriction. Furthermore, the 26th Bethesda
Conference provided recommendations for
patients with hypertension, valvular, and other
cardiovascular diseases (Level of Evidence C, con-
sensus opinion).?”?



PREPARTICIPATION SCREENING

Many older athletes take medications that can
cause adverse effects during exercise. While tak-
ing the medications should not stop an athlete
from exercising, a provider or pharmacist should
provide counseling about possible side effects.
For example, diuretics can cause cramping and
dehydration, beta blockers and calcium channel
blockers can mask hypoglycemia, beta blockers
can impair muscle uptake of glucose, insulin and
sulfonylureas can cause hypoglycemia, psycho-
tropic medications can cause hyperthermia and
dehydration, and antidepressants and tranquilliz-
ers can cause orthostatic changes.?

The physical exam should focus on identifying
any potential physical aliments that can be cor-
rected and improved to make exercise more suc-
cessful. Muscular strength should always be
assessed. Most injuries are to the lower extremity,
so assessment of quadriceps, knee, and ankle
strength is important. Flexibility should also be
examined with particular focus on the lower
extremity. The heel should have at least 10° of
dorsiflexion and the hip at least a 60° of arc
motion. Furthermore, the modified Thomas test
can be used to test for hip flexion contractures,
illotibial band tightness, and rectus femoris tight-
ness. Sensory testing should be performed on the
feet for deficits in sharp/dull sensation. If a deficit
exists, shoes with excellent shock absorption
should be used along with meticulous care of the
feet. Also, a check of hearing and vision should
be performed. Finally, the feet, lower legs, knees,
thighs, and trunk should be inspected for obvious
problems. Any obvious or troublesome deformi-
ties may have to be corrected with orthotics
before exercise begins.

Furthermore, part of the screening should
include helping patients identify reasonable and
realistic individual goals for exercise. For exam-
ple, does the patient want to lose weight, increase
conditioning, or modify risk factors for heart dis-
ease? It is important to determine what the patient
wants out of exercise in order to write a successful
prescription aimed at achieving those goals and
to help keep them motivated. However, it is also
important to identify realistic and attainable goals.
It is not realistic for a 70-year-old to begin training
for a marathon if he or she has never run before,
but it is realistic to improve endurance, strength,
and flexibility.

Exercise Prescription

The prescription includes three components: aero-
bic conditioning, strength training, and flexibility
(Level of Evidence C, consensus/expert opinion).?’

193

The components of conditioning and strengthen-
ing are warm-up, intensity, duration, frequency,
and exercise type/mode.?! Flexibility can be
included in the warm-up phase of strengthening
and conditioning.

Aerobic Conditioning

Aerobic conditioning involves improving cardio-
vascular strength and conditioning. The five key
components to aerobic conditioning are:

B Warm-up. Warming up should be per-
formed with gentle stretches before exer-
cise. This helps reduce exercise-induced
musculoskeletal injures. In addition, light
movements simulating the actual exercise
should be performed.

B ntensity. Low- to moderate-intensity
workouts are recommended for the older
athlete because of cardiovascular advan-
tages, lower injury rates, and improved
compliance.?! Moderate intensity is
defined as exercise at 3 to 6 MET, 40 to
60% of VO,,,.y, 55 t0 70% of maximal heart
rate, 40 to 60% of heart rate reserve, or
perceived exertion of 12 to 13 (somewhat
hard) on the Borg relative perceived exer-
tion scale.

B Duration. Moderate aerobic activity
should be performed for a total of at least
30 minutes a day, most days of the week.
Exercise up to 1 hour is even more ben-
eficial. The total cumulative exercise time
spent each day is more important than a
single bout of exercise. Three 10-minute
exercises work as well as one 30-minute
exercise session. For older adults, it is
recommended to exercise at low to mod-
erate intensity for a longer duration of
time, and duration should be increased as
one progresses before intensity is
increased.

B Frequency. Adults should perform mod-
erate exercise on most and preferably all
days of the week.

B Type/mode. The type/mode of exercise
should be based on the patient’s fitness
level along with the patient’s interest and
available resources.?' Furthermore, the
ability to incorporate the exercise plan
into daily activities has a higher success
rate. Walking, gliding activities, swim-
ming, cycling, and jogging are examples
of typical successful activities for elderly
athletes. Furthermore, cross-training is
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becoming increasingly popular. Some
advantages include fewer musculoskeletal
injuries and less boredom.?”:3!

Strength Training

Strength training involves overcoming sarcopenia
and restoring strength. The five key components
in strength training are:3!

B Warm-up. Warm-up should be similar to
aerobic conditioning and should include
flexibility training.

B ntensity. Elderly should start at low inten-
sity and gradually increase over time.
Weights should be lifted comfortably
through a full range of motion slowly and
smoothly with a focus on good posture
and mechanics. Furthermore, individuals
should avoid Valsalva maneuvers while
lifting. The amount of weight to be lifted
corresponds to approximately 60 to 80%
of the maximum lift. Elderly athletes
should focus on lower intensity of weights
and higher repetitions.

B Duration. Usually, two to three sets of 8
to 15 repetitions are used in a workout
routine.

B Frequency. Strength training is usually
performed two to three times a week.

B Type/mode. Strength training should
include all the large muscle groups (back,
legs, hips, chest shoulders, and arms).

Flexibility

Flexibility involves stretching major muscle
groups at least once per day when muscles are
compliant.?” This is usually incorporated into the
warm-up phase of aerobic conditioning and
strength training. Furthermore, stretching can also
be repeated while cooling down from a workout
routine while muscles are warm and more com-
pliant. Patients should avoid ballistic stretches and
focus on smooth prolonged stretching to avoid
injuries to muscles. Improved flexibility is thought
to decrease the risk of falls in the elderly.3!

Promoting Exercise

One of the most difficult challenges of the exer-
cise prescription is to keep patients motivated
and compliant with the exercise plan;*® however,
the strength of the physician’s advice is signifi-
cantly correlated with the likelihood of adopting
increased physical activity in patients.?® Further-
more, if a physician is able to identify goals the
patient desires and offers frequent praise and

encouragement, compliance with an exercise pre-
scription is more likely. Other key factors help
with exercise compliance: Encourage elderly
patients to exercise with a friend or family mem-
ber or even a pet. Recruit family members to offer
encouragement and assistance in training rou-
tines. Socializing is important for many elderly.
Activities that involve exercising with other
cohorts help with compliance. Variety in an exer-
cise program is important for preventing bore-
dom. Cross-training cannot only increase variety
but also helps to reduce over-use injuries. Phys-
ical factors are also important. Patients should feel
safe while exercising. The environment should be
free of obstacles, well lit, and void of extreme
environmental conditions. Encourage activities
that are affordable such as walking in a park or
a mall. Incorporate physical activity into daily
routines and build on previous activities; for
example, move a treadmill in front of the television.
Finally, suggest activities that are enjoyable. All of
these suggestions can help overcome the high rate
of non-compliance in the elderly athlete.?

NUTRITION

Nutrition for the older athlete is also very impor-
tant and should not be overlooked by the physi-
cian. In fact, nutritional advice for many older
athletes may have a greater impact on improving
general health than on maximizing athletic per-
formance.? Nutrition for the exercising elderly can
be broken down into five areas: (1) energy (cal-
ories), (2) macronutrients (protein, carbohydrates,
fat), (3) vitamins, (4) minerals, and (5) water.?

Calories

The average young adult’s diet consists of approx-
imately 1700 kcal/day for women and 2700
kcal/day for men. This caloric need decreases in
those over 75 to approximately 1400 kcal/day for
women and 1800 kcal/day for men. Because bal-
ancing caloric intake with caloric expenditure is
the key to weight control, a diet of 1000 to 1800
kcal/day with increased exercise will result in
roughly 1 Ib/week of weight loss in the elderly.?
Diets below 800 kcal/day are not associated with
maintenance of the weight loss and are not rec-
ommended for the obese elderly.?

Macronutrients

Caloric balance in the elderly is the same as that
recommended for the general population. Car-
bohydrates should account for 50 to 60% of
calories, proteins for 10 to 20%, and fats for no
more than 30%. If the elderly athlete is involved



with prolonged endurance activities (e.g., mara-
thon running), then the carbohydrate intake
should increase to 60 to 70%.% Older athletes will
achieve the recommended dietary allowance
(RDA) of 0.8 g/kg of body weight of protein per
day through usual dietary habits. Some evidence
demonstrates that this intake may be increased
to 1.0 to 1.5 g/kg of protein per day for vigorously
exercising older athletes, but the 0.8 g/kg/day
will suffice.? Diets consisting mainly of vegetables
will not meet the exercising elderly person’s pro-
tein requirements and must be supplemented.

Vitamins

The exercising elderly are unlikely to need vita-
min supplements if eating a well-balanced diet.
The myth that vitamins will enhance performance,
prevent injury, or improve recovery time should
be broken. In fact, toxicity of excess vitamins,
particularly hepatic toxicity of vitamin A and in
some cases of even the water-soluble vitamins,
can occur in the elderly.?

Minerals

A balanced diet will meet most of the exercising
elderly’s mineral needs. Iron and calcium may
sometimes have to be supplemented. The RDA
for iron in elderly men and postmenopausal
women is 10 mg/day. If the elderly are involved
in distance running, that requirement may
increase to 18 mg/day and supplementation may
be necessary.? The RDA for calcium is 800 mg/day
in the elderly. If the older athlete is not eating or
drinking calcium-rich foods (yogurt, cheese, milk,
broccoli), then supplementation with 1000 to 1500
mg/day to help support bone mineral content will
be helpful.

Water

Dehydration is the most common fluid and elec-
trolyte problem seen in the elderly.! Drinking
adequate amounts of water before, during, and
after exercise is important to prevent dehydration
and to help with temperature regulation in the
elderly. Two cups of water before the activity and
300 cc (10 oz) every 20 minutes thereafter will
help control core body temperature and decrease
dehydration, which is the primary cause of muscle
cramps in the elderly.?

ENVIRONMENT

The environment is often overlooked as a factor
that can cause problems with exercise for the
elderly. Heat, cold, high relative humidity, strong
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winds, and high altitudes can adversely affect
exercise. In addition, the elderly often have risk
factors that can make them less tolerant of envi-
ronmental hazards. The use of diuretics or psy-
chotropic medications, low-sodium diets,
impaired thirst drive, poor conditioning, and sar-
copenia can cause the elderly to be more suscep-
tible to the environment.3? For example, exercise
in heat and high relative humidity along with the
use of diuretics can easily lead to dehydration. It
is important to educate patients about these risks
and offer suggestions about alternative exercise
plans. For example, walk inside a mall during
extreme heat or cold, or garden in the early
morning hours rather than in the middle of the
day. This will make the activity not only safer for
the patient but also more enjoyable. A more
detailed discussion of these factors can be found
in Chapter 10.

SUMMARY

That America is aging and that the level of exer-
cise in the elderly is increasing is undisputed. For
many years, society supported the myth that the
elderly should not be active and athletic. Studies
demonstrate that the elderly person’s musculature
and cardiovascular status can adapt to and
improve performance with exercise. The physi-
cian’s responsibility is to evaluate a potential older
athlete thoroughly with a pre-exercise screen;
appropriately prescribe and direct a slowly pro-
gressive, individualized program of training that
includes conservative treatment and adequate
rehabilitation for overuse injuries; and educate
the patient with regard to preventive strategies
(nutrition, safety, and special precautions).
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INTRODUCTION

Medical problems are responsible for approxi-
mately 70% of the visits that athletes make to
physicians. The majority of these are respiratory
and other episodic infectious illnesses; however,
a significant number of athletes have one or more
chronic medical conditions. For individuals over
age 35, the risk of known and occult disease
increases substantially. Important to the care of
these patients is an understanding of how sports
activity affects their illness. The corollary to this
concern is that the illness may also affect strength,
endurance, coordination, or other parameters that
can impact sports performance. The physician’s
ultimate goal becomes maximizing the athlete’s
ability to pursue sport safely and successfully.
While athletes potentially experience any of
the diseases seen in the non-athletic population,
certain conditions occur frequently enough that
physicians should have specific knowledge of the
effect exercise has on disease management and
participation risks. Individuals with obesity,
hypertension, coronary artery disease, and diabe-
tes mellitus benefit from physical activity, but
sport poses risks for each condition. These dis-
orders occur in a significant portion of the pop-
ulation, including athletes. Exercise-induced
asthma affects numerous athletes, particularly
those in winter and endurance sports. Seizure
disorders alter consciousness so that safe partic-
ipation in water sports, vehicular activity, eques-
trian sport, and other special situations cannot be

assured even with treatment. This chapter reviews
these common medical conditions and how best
to care for athletes affected.

HYPERTENSION
The JNC VP defines high blood pressure based
on population demographics. Individuals above
90% for adjusted norms are considered to have
high normal pressures. Those above 95% are
classified as having hypertension, and severe
hypertension exists in those with levels above
99%. This type of classification takes into account
that pediatric patients and younger adults merit
special assessment and may be diagnosed as
hypertensive with much lower pressures than
those seen in adult patients. For an adult, a resting
blood pressure of 140/90 or above on a consistent
basis (usually three or more measures) with an
appropriate-sized cuff confirms the diagnosis of
hypertension (Level of Evidence C).2

Physical activity increases the heart rate and
cardiac output. Blood pressure varies in relation
to cardiac output and total peripheral resistance.
Exercise generally causes some increase in pres-
sure levels because peripheral resistance rarely
decreases enough to counter the effect of tachy-
cardia and greater blood flow. Resistance (isomet-
ric) and dynamic (isotonic) exercise trigger dif-
ferent pressor responses. Typically, heavy
resistance activities cause dramatic rises in blood
pressures. Dynamic exercise leads to gradually
higher blood pressures during activity, but the

* In the second edition, this chapter was authored by Warren B. Howe.
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overall effect of continuous training is to lower
both systolic and diastolic pressures. A meta-
analysis of 54 clinical trials of aerobic exercise
showed an average drop of about 10 mmHG in
each parameter with ongoing training (Level A).

One special concern for the hypertensive ath-
lete is the effect of training on overall blood
pressure. While it is agreed that most resistance
training has a long-term beneficial effect on blood
pressure, dramatic blood pressure elevations in
given athletes have led to a cautious approach.
Currently, the American College of Sports Medi-
cine (ACSM) recommends that resistance training
in hypertensive patients should be conducted as
circuit-training sessions so that a mix of resistance
and aerobic activity occurs (Level of Evidence C).*
Aerobic activity generally benefits blood pressure,
with recommendations for low-intensity warm-up
followed by moderate-intensity training at 55 to
70% of maximum heart rate. Because competitive
athletes will need to spend some of their training
in high-intensity workouts, periodic monitoring
of blood pressure during training and competition
helps determine whether control is adequate.
Established hypertensive patients may experience
a drop in exercise capacity of 16 to 30% (Lim)
without adequate treatment, and good control
improves performance.

A second concern for the hypertensive athlete
is finding an effective medication with a side-
effect profile that will not hinder sport perfor-
mance. Angiotensin-converting enzyme inhibitors
(ACEs) have become the drug of choice for most
athletes, as they effectively control pressures dur-
ing exercise with minimal side effects (Level of
Evidence C).! Calcium channel blockers and
angiotensin-II receptor blockers control exercise
pressures equally well and also have limited
adverse effects. Beta blockers and diuretics are
first-line therapy for hypertension but pose spe-
cific risks for athletes that limit their use in this
population. Beta blockers limit maximum perfor-
mance and generally are avoided in asthmatic
athletes. Diuretics may reduce maximal exercise
capacity and increase risks of dehydration,
cramps, and heat illness. Alpha blockers, central
alpha agonists, and direct vasodilators are not
primary choices for antihypertensive medications
in athletes. Concomitant nonsteroidal anti-inflam-
matory drug (NSAID) use may limit effectiveness
of antihypertensive agents and also increase the
risk of side effects.

A serious concern for hypertensive athletes or
athletes who have any major cardiac risk factor
is occult coronary artery disease. Coronary artery
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disease often occurs in conjunction with hyper-
tension, diabetes mellitus, obesity, and/or hyper-
lipidemia. Silent myocardial ischemia and infarc-
tion occur in a significant portion of men and
women with high blood pressure. Because ath-
letes place extreme physical demands on their
cardiovascular systems, an exercise tolerance test
becomes an important test to determine the like-
lihood of coronary artery disease and can also
measure the blood pressure response to exertion.

CORONARY ARTERY DISEASE

Athletes with known coronary artery disease merit
close monitoring for sports participation. While
individuals have completed extreme exercise,
including marathon runs, after a myocardial inf-
arction, balloon angioplasty, or coronary artery
bypass grafting (CABG), rarely would a physician
recommend intense exercise. Because patients
with known coronary syndromes can reduce their
risks by maintaining high fitness levels, moderate
exercise improves their prognosis. Patients with
coronary artery disease who can achieve more
than 10.7 MET of work load on standard exercise
testing have a normal age-adjusted mortality
(Level of Evidence A).> Careful adjustment of
cardiac medications, including deciding when
pre-exercise nitroglycerin should be utilized,
improves the ability of these individuals to exer-
cise safely. The current view of coronary artery
disease is that this is a dynamic process. Research
shows that plaque instability, platelet adhesive-
ness, epithelial responsiveness, and intravascular
nitrous oxide levels all influence the likelihood
that a specific lesion will lead to a myocardial
infarction. With the myriad of possible triggers
for acute coronary syndromes, specific research
focuses on determining the effect of exercise on
each of these parameters. Currently, our best
approach to secondary prevention of cardiac
events centers around appropriate drug treat-
ments, including aspirin, lipid-lowering agents,
beta blockers, ace inhibitors, and other individu-
alized medications. Because we expect patients
with coronary artery disease to exercise, yearly
monitoring through the exercise tolerance test
(ETT) seems reasonable. Frequency of testing
increases if the athlete shows any signs of insta-
bility with his or her disease.

OBESITY

Based on National Heart, Lung, and Blood Insti-
tute (NHLBI) data published in 1998, an estimated
97 million U.S. adults are overweight or obese
(Level of Evidence B).” Obesity contributes to



excess morbidity from hypertension, type 2 dia-
betes, coronary artery disease, stroke, gallbladder
disease, osteoarthritis, respiratory difficulty, and
sleep apnea. In addition, multiple cancers have
higher incidences in the obese, including
endometrial, breast, prostate, and colon. Not sur-
prisingly, higher body weights are associated with
greater all-cause mortality. Centripetal obesity
with a high waist-to-hip ratio indicates a subtype
of obesity with an independently elevated level
of risk, particularly for cardiovascular disease
(CVD) (Level of Evidence A).®

Many obese athletes have achieved the highest
pinnacles of athletic success. Some sports have
such a focus on size that obesity has traditionally
been considered advantageous, including foot-
ball, weight throwing in track and field, heavy-
weight wrestling, and power lifting. Rather than
the athletic activity leading to a healthier lifestyle,
sports with too much emphasis on size and
strength have often encouraged dietary excess
and other harmful practices such as using ana-
bolic agents. Deaths from heat illness are more
common in obese athletes. Fortunately, most ath-
letic programs have redirected their focus to dis-
courage obesity and to look more critically at lean
body mass.

A more common problem confronting athletes
is post-competition weight gain. An average pro-
fessional football lineman weighing 300 pounds
can rapidly develop to morbid obesity if he ceases
activity and continues the same diet. Highly com-
petitive athletes consume 1500 to 2000 excess
calories a day to replace the expenditure from
multiple training sessions. Considering that the
body requires approximately 10 calories per
pound to maintain body weight, a 300-pound
athlete could be consuming an average intake of
4500 to 5000 calories daily. Even if this individual
persists in exercising at a level considered vigor-
ous by most Americans, without a marked reduc-
tion in calorie intake he could stand to gain 30
to 50 pounds in his first year out of serious
training.

With this in mind, sound nutritional practices
must be implemented during the competitive life
of most athletes. Focus should be toward ideal
weight based on body fat, not on total pounds.
Simple waist-to-hip ratios can identify individuals
who have higher risk. Athletes need to be
informed about the calorie demand of various
training activities so they do not overestimate the
impact on calorie need of a low-intensity work-
out. Strategies should teach healthy eating and
avoidance of fast foods to establish patterns that
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lead to better post-competition diet practices.
Data from the Harvard Growth Study, with a
follow-up period of 55 years, indicate that over-
weight adolescents have a higher risk of all-cause
mortality and other adverse health effects inde-
pendent of their adult weight (Level of Evidence
A).° This emphasizes the importance of sound
weight management starting at the middle school
and high school sports participation level.

DIABETES IN THE ATHLETE

Regular exercise has been shown to improve
glycemic control, increase self-esteem, and
decrease the incidence of cardiac disease in those
with diabetes mellitus. Close monitoring of blood
glucose and appropriate adjustments in medica-
tions and diet aid in optimizing performance and
preventing complications associated with exer-
cise. Diabetes mellitus affects 16 million Ameri-
cans, with approximately 10% having type 1 dia-
betes. Type 1 is characterized by autoimmune
destruction of insulin- producing beta cells in the
pancreas and these diabetics require a specialized
diet along with exercise. In addition, exogenous
insulin administration is needed to utilize glucose.
Type 2 diabetes mellitus affects 3 to 7% of people
in western countries and accounts for 90% of
diabetes. In addition to impaired production of
insulin, type 2 diabetes is characterized by
reduced sensitivity to insulin and excessive pro-
duction of glucose by the liver. Eighty percent of
type 2 diabetics are obese. Although they may be
able to control their blood glucose by diet alone,
type 2 diabetics often require oral medications or
exogenous insulin.

As in the general population, diabetics who
exercise enjoy several benefits, including
improved fitness levels, which correspond to lon-
gevity and decreased risk of cardiovascular death.
Studies also show that diabetics who exercise
have lowered blood pressure and improvement
in hyperlipidemia. Exercise is considered a cor-
nerstone in the control of diabetes. Although stud-
ies have failed to show a consistent reduction of
hemoglobin A1C or fasting blood glucose with
exercise, improvements have been found in insu-
lin sensitivity and glycogen utilization. Additional
benefits of exercise include increases in psycho-
logical well-being and self-esteem.

Risks of exercise for the diabetic include
hypoglycemia, hyperglycemia, and neuropathy.
Hypoglycemia (defined as blood glucose <65
mg/dL) is most common in those requiring exog-
enous insulin and can lead to fatigue, confusion,
and coma. Exercising with an elevated blood
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glucose may cause a rapid rise in glucose and
ketoacidosis, and fluid loss can ensue. Peripheral
neuropathy can cause ulceration and infections
in the feet of diabetics who lack adequate pain
sensation.

Every athlete with diabetes needs to have a
thorough medical evaluation that includes history,
physical exam, and appropriate laboratory tests.
The history should elicit information about the
degree of glycemic control, any diabetic compli-
cations, additional medical problems, and plans
to change exercise regimens. This is also an excel-
lent opportunity to gauge the patient’s under-
standing of the disease and provide education.

The physical exam should focus on the car-
diovascular, ophthalmologic, and neurologic sys-
tems. An ETT is important for detecting silent
coronary disease. Diabetics should undergo exer-
cise testing if they meet any of the following
criteria: (1) age greater then 35 years, (2) type 1
diabetes for longer than 15 years or type 2 dia-
betes for longer than 10 years, or (3) presence of
additional cardiac risk factors, autonomic neurop-
athy, or peripheral vascular or microvascular dis-
ease (Level of Evidence C).'7 In addition to detect-
ing coronary disease, an exercise test can aid in
the diagnosis of hypertension or orthostatic
hypotension and can establish a baseline fitness
level.

The ophthalmologic examination must include
a funduscopic examination to assess for diabetic
retinopathy. If proliferative retinopathy is present,
isometric exercises should be avoided (Level of
Evidence C).!' Other eye diseases to be assessed
include cataracts and glaucoma.

A thorough neurologic and foot exam is impor-
tant to assess for peripheral neuropathy and signs
of infection. Blisters and abrasions can cause
ulcerations and serious infections in diabetics with
neuropathy. In addition, Charcot deformity may
develop in patients with severe peripheral neur-
opathy. Appropriate footwear, evaluation of the
need for othoses, and frequent examination may
help prevent complications.

Controlling glucose levels during exercise is
optimized by adjusting the intensity of exercise,
carbohydrate intake, and insulin or medication
dosage. For type 1 diabetics, additional carbohy-
drate snacks may be all that is needed to supple-
ment metabolic needs. A 15- to 30-g, readily
absorbable carbohydrate snack should be con-
sumed for every 30 minutes of exercise. For pro-
longed exercise, a reduction in insulin may be
required. Decreasing short-acting insulin 30 to
50% within 2 to 3 hours of exercise may help to
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prevent hypoglycemia. Short-acting insulin can be
reduced by 30% for exercise less than 1 hour,
40% for 1 to 2 hours of activity, and 50% for more
than 3 hours of activity. If the athlete uses an
insulin pump, a reduction in the basal rate of 50%
may be necessary, while a 50% decrease in the
pre-meal bolus may be necessary for diabetics
exercising after meals (Level of Evidence C).!!

Type 2 diabetics who are diet controlled rarely
need any adjustments for exercise. Because of
increased glucose utilization, the dose of oral
hypoglycemic medication may have to be
reduced by 50% or more on days of extended
exercise. Type 2 diabetics, likewise, should have
quick access to carbohydrate snacks to prevent
hypoglycemia.

Prevention of hypoglycemia requires close
monitoring of blood glucose before, during, and
after exercise. Those at greatest risk for exercise-
induced hypoglycemia are type 1 diabetics and
type 2 diabetics who inject exogenous insulin.
Carbohydrates should be given to a diabetic with
a glucose level below 100 mg/dL at the start of
activity.

Athletes who exercise with hyperglycemia
(blood glucose >240 mg/dL) are at risk of rapidly
rising glucose levels, dehydration, and ketoacido-
sis. Exercise should be avoided if the blood glu-
cose level is greater than 300 mg/dL or if greater
than 250 mg/dL and ketones are present (Level
of Evidence ©).V7

The athlete with diabetes is able to compete
at the highest levels. Close monitoring of glucose
levels to establish glycemic patterns, adjustment
in medication and food intake, and being familiar
with potential complications will allow the dia-
betic athlete to compete effectively and safely.

EXERCISE-INDUCED ASTHMA
Respiratory disease can significantly impair ath-
letic performance, particularly during sports with
high aerobic demand. Exercise-induced asthma
(EIA) affects up to 20% of all athletes, approxi-
mately half of whom are not known to have
asthma. For individuals with chronic asthma, 90%
or more will have flares with sporting activity,
and as many as 40% of individuals with allergic
rhinitis have EIA symptoms. The diagnosis of EIA
may be subtle, and delayed treatment can lead
to suboptimal performance.

The ACSM defines EIA as acute, reversible lung
airway narrowing that occurs during and/or after
physical activity (Level of Evidence C).3! Several
theories as to the etiology of EIA have been
proposed in the medical literature but the specific



EXERCISE-INDUCED ASTHMA

causes have not been identified. As with chronic
asthma, a variety of stimuli may trigger airway
hyperactivity and bronchospasm. Among these
are environmental and/or local airway conditions
that are potentiated by inflammatory mediators
including leukotrienes, histamine, and neutrophil
chemotactic factor.

Current research indicates that the epithelial
osmotic gradient produced by airway dehydration
is an important contributor to EIA. This exceeds
the importance of airway cooling or airway hype-
remia, both of which were identified in earlier
research as primary factors. In addition, some
preliminary studies implicate nitric oxide and ade-
nosine as more integral components of the inflam-
matory formula of EIA than traditional mediators
such as histamine and the leukotrienes.

The incidence and prevalence of EIA have
been shown to increase in athletes participating
in certain sports. Sports requiring high minute
ventilation levels and/or cold, dry air exposure
(such as long-distance running, cross-country ski-
ing, ice skating, soccer, rugby, and wrestling) are
particularly asthmogenic. One study of cross-
country skiers found that 79% of them had asthma
symptoms (Level of Evidence C).'® Urban athletes
who have more exposure to air pollution also
have more EIA attacks due to higher levels of
airborne pollutants, especially ozone. Physicians
treating winter sport or urban athletes should
maintain a high suspicion for EIA (Level of Evi-
dence B).3

Clinical suspicion of EIA arises from specific
symptoms. Cough is the most common symptom,
followed by chest tightness, dyspnea, wheezing,
chest pain, and fatigue. More subtle signs include
chest congestion, side stitches, lack of energy,
inconsistent performance, frequent colds, a feel-
ing of being out of shape, and better performance
during short rather than long exercise sessions.
An athlete’s only symptom may be poor perfor-
mance on days with cold, dry air.

Typically, symptoms of EIA appear 6 to 12
minutes after the start of exercise and peak 5 to
15 minutes after they begin. Inducing EIA symp-
toms requires the athlete to achieve greater than
85% of maximum predicted heart rate and main-
tain this level of exertion for at least 4 minutes.
Environmental, sport, and athlete characteristics
may influence these parameters. If untreated, the
majority of EIA attacks resolve spontaneously 30
to 90 minutes after exercise ends.

Sometimes a second exercise challenge does
not provoke symptoms in an EIA patient and a
“refractory period” occurs. One theory purports
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that a relative depletion of inflammatory media-
tors and correction of local airway lessens the
degree of bronchospasm in the refractory period.
During this phase, less than half of the original
degree of obstruction will occur. Knowledgeable
athletes may take advantage of this relative pro-
tection but only about half of patients experience
this change and it is not predictable. Because the
refractory period is unique to each individual, it
should be defined for each athlete before incor-
porating this strategy into training or competition.
A typical approach is for the athlete to complete
a prolonged warm-up to induce EIA symptoms.
If, after recovery, the athlete feels normal, he or
she can compete without medication. The refrac-
tory period ordinarily disappears in nearly all
athletes after 2 or 3 hours. Even in athletes with
a refractory period, late-phase and recurrent
attacks can occur without another provocative
bout of exercise.

Definitive diagnosis of EIA requires a standard
exercise challenge to demonstrate at least a 15%
reduction in pulmonary function tests compared
to pre-exercise values. After the challenge, repeat
pulmonary function evaluation may be done with
spirometry or peak expiratory flow rate (PEFR)
measurements. PEFR testing is more convenient
and cost-effective for sideline or training room
evaluation but has less diagnostic accuracy. Nor-
mal resting pulmonary function tests do not rule
out EIA. Because athletes can have a variable
response depending on environmental condi-
tions, repeat evaluations may be required.

An exercise challenge can be performed either
in a controlled, laboratory-like setting or in the
environment where the athlete competes. Debate
exists as to whether testing in either site yields
higher diagnostic accuracy. As long as the ath-
lete’s cardiopulmonary system is stressed to
achieve and maintain at least 85% of predicted
maximum heart rate, the test is considered ade-
quate. Some pulmonologists consider the metha-
choline inhalation challenge a gold standard for
diagnosing EIA, but others feel that this overes-
timates bronchial hyperresponsiveness. When
symptoms have been induced, spirometry or
PEFR testing should be performed at 3- to 5-
minute intervals for 20 to 30 minutes. Mild, mod-
erate, or severe EIA is present when a reduction
of 20 to 30%, 30 to 40%, or greater than 40%
occurs, respectively (Level of Evidence C).3

Preventive strategies should precede medical
treatment of athletes with EIA. Education of the
athlete with EIA forms the cornerstone of effective
treatment. Masks, modification of activity, or
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changes of ambient conditions are helpful for
sensitive athletes. Initial pharmacologic therapy is
with a beta, agonist; an inhaled, short-acting med-
ication is given 15 to 30 minutes prior to activity
based on pre-exercise PEFR values and athlete
symptoms. Athletes with classic EIA, without
another complicating condition, may require only
this preparticipation treatment (Level of Evidence
C©).» The majority of patients with EIA, however,
have either allergic rhinitis or chronic asthma with
exercise-induced exacerbations and require daily
medical therapy. Acceptable agents for treating
athletes with allergic rhinitis include intranasal
corticosteroids and non-sedating antihistamines.
Chronic asthma patients may benefit greatly from
daily use of an inhaled corticosteroid, the most
effective suppression agent, or a long-acting beta,
agonist. Leukotriene-modifying agents, such as
zafirlukast and montelukast, are also very effec-
tive as control agents when used daily. Older
agents, such as necrodomil and cromolyn sodium,
are useful but have largely been replaced by the
newer, more potent medications mentioned pre-
viously. Oral and parenteral corticosteroids are
reserved for treatment of refractory asthma exac-
erbations.

Non-traditional therapies are emerging with
promising data from preliminary studies. Inhaled
heparin has been used to evaluate the pathophys-
iology of EIA and has been shown to significantly
block symptoms of EIA through its effect on mast
cells. Inhaled furosemide has also been shown to
attenuate the symptoms of EIA. Although evi-
dence is inconclusive, furosemide appears to
exert a local effect at the lung epithelium. The
rheumatoid arthritis disease-modifying agent
methotrexate has demonstrated effectiveness as a
suppressive agent for chronic asthma. Inhaled
indomethacin and vitamin C have both shown
promising results in experiments using EIA
patients.

Exercise-induced asthma is not a contraindica-
tion to athletic participation. Athletes can compete
and succeed in their desired sport with proper
monitoring and treatment. Historically, Olympic
athletes with EIA have performed as well as or
better than their peers. Educating athletes to self-
monitor their symptoms and to adjust treatment
regimens based on symptom severity, season, and
demands of the sport are effective management
strategies. Also, coaches can maximize athletic
performance by modifying the training program
to suit the athlete’s symptoms. These tactics allow
success for athletes with EIA.
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SEIZURE DISORDERS

A seizure is defined as an abnormal electrical
discharge of cortical neurons leading to sudden
involuntary alterations in movement, perception,
or behavior. Epilepsy refers to a disorder of recur-
rent seizures. Approximately 2 to 3% of the pop-
ulation suffers from epilepsy, with another 10%
of the population having a seizure at some point
in their lifetime. Seizure disorders are common in
the overall population, including athletes.
Although few strict guidelines exist for the par-
ticipation of epileptics in athletics, some common-
sense recommendations can allow for safe par-
ticipation.

Seizures are classified according to their char-
acteristics and are separated into two major cat-
egories: partial and generalized. Partial seizures
localize to a specific part of the brain, leading to
jerking or twitching of a limb; disturbances of
sensation, smell, or vision; or psychological symp-
toms. Simple partial seizures cause no loss of
consciousness, whereas complex partial seizures
do ultimately impair consciousness. Both types of
seizures can evolve into secondary generalized
seizures.

Generalized seizures involve cortical discharge
from both cerebral hemispheres leading to bilat-
eral symptoms and loss of consciousness. The
most common type of generalized seizure is the
tonic-clonic, or grand mal seizure. Absence sei-
zures are a subtype of generalized seizures con-
sisting of blank staring spells with no associated
memory of the seizure. Other generalized seizures
are myoclonic, clonic, tonic, and atonic.

While most epilepsy in children is idiopathic,
known causes of childhood epilepsy include birth
and neonatal injury (58%), central nervous system
(CNS) infection (15%), head trauma (12%), and,
rarely, metabolic disorders and tumors. In adults,
epilepsy generally results from vascular insults
(60%), tumors (10%), and CNS infection (9%).

Regardless of the cause of epilepsy, certain
inciting factors are known to decrease seizure
threshold and increase seizure frequency. Some
of these factors include fatigue, sleep deprivation,
dehydration and overhydration, stress, hyperven-
tilation, hypoxia, hyperthermia, and hypoglyce-
mia. Although some of these factors occur with
activity, exercise has not been shown to increase
seizure frequency. Multiple studies have shown
that seizures rarely occur during exercise and
overall seizure control improves with exercise.
How exercise decreases seizure activity is still
debatable. Current theories are based on B-endor-
phin release, lowered blood pH with lactic acid



release, increased gamma-aminobutyric acid
(GABA) concentration, and possibly increased
mental alertness and attention. A few studies have
shown that seizure activity can increase in the
post-exercise rest period.

Although significant head trauma can lead to
seizure activity, no data have shown that repeti-
tive minor head injuries cause any deterioration
of seizure control. In a study of 301 children
including those with epilepsy, blunt head trauma
was not shown to worsen seizure control in epi-
leptics.

The treatment of epilepsy is limited to antie-
pileptic drugs (AEDs), such as phenytoin, carbam-
azipine, valproic acid, lamotrigine, gabapentin,
and clonazepam. With AEDs, about one half of
epileptics remain seizure free. AEDs unfortunately
can have considerable side effects, such as
fatigue, sedation, nystagmus, ataxia, confusion,
and nausea. Many of these side effects are unde-
sirable and can be dangerous for athletes.

Overall, few guidelines for epileptic participa-
tion in sports exist. In 1968, the American Medical
Association (AMA) advised that individuals with
a “convulsive disorder not completely controlled
by medications” be banned from collision sports,
contact sports, and even some non-contact sports
such as tennis. The discovery of the beneficial
effects of exercise on epilepsy led to the AMA
changing their stance by explaining that epileptics
with reasonable control of seizures should be
allowed to play any sport not proven to cause
chronic head trauma. In 1983, the American Acad-
emy of Pediatrics (AAP) went a step further,
declaring that “epilepsy per se should not exclude
a child from hockey, baseball, football, basketball,
and wrestling” (Level of Evidence C).» Exercise
is currently recommended for most well-con-
trolled epileptics to improve overall fitness and
self-esteem. Some common-sense guidelines
should be used to determine if participation is
safe. Specific sports that involve heavy blows to
the head, such as boxing and martial arts, are
contraindicated. High-risk sports that may pose
risk of injury or death to epileptics or others, such
as archery and riflery, are considered by many to
be too dangerous.

Aviation sports, mountain climbing, and water
sports should be considered only for very well
controlled epileptics under adequate supervision.
Studies show a fourfold higher risk of drowning
in epileptics vs. the general population when
water sports are unsupervised. Sports such as
gymnastics and horseback riding, which have the
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potential for injury from a high fall, should also
only be considered in well-controlled epileptics.
If any of these activities are pursued by the epi-
leptic, supervision must be present at all times.

Motor sports are contraindicated in epileptics
who have at least one to two seizures per year;
however, epileptics who are well controlled and
seizure-free for at least 2 years are eligible for a
driver’s license and can be considered eligible to
participate in motor sports. Eligibility should be
based on excellent seizure control, the safety of
the driver, and the comfort level of the physician,
driver, and other participants.

To lessen the risk of participation, epileptics
should be encouraged to use appropriate equip-
ment and follow the rules of safe play. If during
the sport major head trauma occurs or seizure
frequency increases, the epileptic’s participation
should be discontinued. If a new seizure occurs
in a participant involved in contact sports, that
person should undergo a thorough work-up,
observation period, and possibly treatment before
returning to the sport.

A more important issue may be that few epi-
leptics actually participate in exercise. One survey
of 3000 NCAA Division I athletes discovered only
one athlete, a gymnast, with epilepsy. Estimates
suggest less that 5% of epileptics participate in a
regular exercise program. Often coaches, parents,
physicians, and epileptics themselves limit
involvement in sport out of fear of uncontrolled
seizures, embarrassment, or ignorance about the
disease. Exercise should be encouraged to
improve the health of epileptics. Because epilep-
tics have a five-times higher risk of suicide, exer-
cise may lessen the risk of depression and help
boost self-esteem. Epileptics and physicians who
follow common-sense guidelines can develop a
plan to allow safe participation in sport.
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Let me win, but if I cannot win, let me be brave
in the attempt.

—Special Olympics oath

HISTORY

The first World Games for the Deaf were held in
Paris during 1924, the same year that saw the
formation of the International Committee on
Silent Sports. Twenty years later, Sir Ludwig Gutt-
mann introduced wheelchair sports as part of
rehabilitation of war veterans. The next three
decades were witness to the formation of a num-
ber of international and national organizations
and competitions for disabled athletes. Among
the more notable were the National Wheelchair
Basketball Association (1949), National Wheel-
chair Games and Athletic Association (1957),
International Stoke Mandeville Games Federation
(1957), Paralympics (1960), International Special
Olympics (1968), the Olympiad for the Physically
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© 2004 by Richard B. Birrer

Disabled (1976), and the International Paralympic
Games(1996).! The latter hosted 3500 athletes
from 120 countries and over 500,000 spectators.
In 1978, the Amateur Sports Act (PL95-606)
renewed the commitment of the U.S. Olympic
Committee to amateur athletes, particularly those
with disabilities. Physically challenged athletes
now enjoy opportunities in sporting activities and
physical education unknown to their predeces-
sors (see Table 21.4).23 They participate in virtu-
ally every sport, including marathons, rock climb-
ing, scuba diving, archery, kayaking, weight
lifting, sky diving, golf, and the martial arts, and
many have established world records. Most
recently, basic and applied research has begun
investigating the performance characteristics of
these unique athletes.

PROFILE

The spectrum of physically challenged athletes
includes any individual with a physical or mental
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impairment that substantially limits one or more
of the major activities of life. Sport for the disabled
athlete is therapeutic, recreational, and competi-
tive. Self-respect, self-discipline, and a competi-
tive spirit enhance the athlete’s quality of life. In
general, the physical fitness profiles of physically
challenged athletes improve with training and age
but are lower than a normative sample. In pre-
paring for and achieving their maximum potential,
however, such athletes can attain very high levels
of fitness. Regular training can increase the aer-
obic capacity, strength, and flexibility of a phys-
ically challenged athlete above that of able-bod-
ied, active individuals.*> Anatomic and histologic
changes occur in muscle fiber type and reflect
the type of training (aerobic vs. anaerobic). Phys-
ically challenged athletes with a wide range of
individual differences are able to compete against
one another and achieve recognition as elite per-
formers.® Performance benchmarks include a 100-
meter dash by a blind athlete in 10.7 seconds; a
2.1-meter high jump (6'11") by a class 2 amputee;
1500 meters in 3 min, 57 sec in a wheelchair; a
263-kg (585-1b) bench press by a paraplegic
weightlifter; a 2 hr, 23 min Boston marathon by
a blind competitor; and the summiting of Mt.
Rainier (14,410 ft) by an amputee, five blind and
two deaf hikers, and a person with epilepsy.

PHYSICIAN'S ROLE

Physicians new to the sports world of the disabled
tend to assume either that the candidate is very
fragile, thus prohibiting any competition, or that
the chosen sport is not too rigorous or risky. As
a result, many of the physically challenged do
not have close relationships with sports medicine
figures and often do not seek medical assistance
but rather choose to self-treat injuries.” The Amer-
ican Academy of Pediatrics “medical home” con-
cept has direct application to working with the
physically challenged (www.aap.org/advo-
cacy/releases/medicalhome.htm). The primary
care physician provides continuous, coordinated,
comprehensive, accessible, accountable, afford-
able care that is compassionate and culturally
competent. Such a physician is in an ideal posi-
tion to deal with the prejudice, stereotyping, and
stigmatization of the physically challenged athlete.
The physician’s role is one of evaluation, pre-
scription, supervision, and support (Chapter 2).78
This pivotal role requires careful coordination,
creativity, and collaboration due to the unique
challenges and complex decision making.
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ASSESSMENT

The preparticipation physical evaluation (PPE)
(chapter 3) includes a careful history and physical
exam that is disability-specific (Table 21.1).>8
When clearance is provided by the sports medi-
cine physician, the assessment is made in the
context of a multidisciplinary team: family, school
officials, athletic staff, and medical consultants
(e.g., neurology, surgery, rehabilitation, etc.). A
history of prior surgeries and injuries, co-morbid
conditions (cardiac, genitourinary, and gas-
trointestinal), adaptive equipment needs, fitness
and training level, risk factors, and current med-
ications (prescription and over-the-counter) is
essential (Level of Evidence C, consensus opin-
ion).? As examples, poorly controlled seizures can
complicate traumatic brain injury. Special prob-
lems such as having a single eye or kidney,
ventriculoperitoneal (VP) shunt, or gastrostomy
must be addressed. Medication dosage schedules
should be reviewed and periodically changed
using a flexible, highly individualized approach.!®
Some drugs (stimulants, sympathomimetic
amines, antispasmodics, narcotic analgesics, anti-
inflammatories, steroids, diuretics, beta blockers,
peptide hormones, and their analogs) may be
restricted or prohibited by the relevant governing
body.

Atlantoaxial instability (AAD places 10 to 20%
of Down syndrome athletes at risk for sublux-
ation/dislocation in contact sports. Cervical radio-
graphs are of limited predictive value, but the
neurologic examination is diagnostic. Significant
findings (15% of AAI patients) include new onset
neck pain, difficulty walking, abnormal gait, easy
fatigability, clonus, positive Babinski sign, sensory
changes, paresis, incoordination, clumsiness, tor-
ticollis, and limited neck mobility, although it may
be insidious and chronic without significant asso-
ciated pain. The evaluation of AAI includes flex-
ion and extension lateral C-spine films. A distance
of >5 mm (children) or 2.5 mm (adults) from the
posterior aspect of the anterior arch of the atlas
to the odontoid process is diagnostic. The Amer-
ican Academy of Pediatrics and the Special Olym-
pics Committee recommend the restriction of
activities with head or neck trauma risk if the
atlantoaxial interval is 24.5 mm or =5 mm, respec-
tively (Level of Evidence C, consensus opinion).!
Other congenital cervical spine abnormalities
include spondylolisthesis, dens abnormalities, and
precocious arthritis. C-spine compression from AAI
is rare and usually occurs before the age of 10
years; however, because Down syndrome patients
have an increased risk of juvenile rheumatoid
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Preparticipation Assessment

Examination

Notes

Vital signs

Skin

Eye, ear, nose, and
throat

Blood pressure
Pulse
Respiration rate

Bony prominences, prior breakdown site, insensate areas, catheter and ostomy sites in spinal
cord injured (SCD athletes, amputee and neuromuscular disease

Correctible visual acuity > 20/200 for non-visually-impaired athlete
Visual fields

Hearing acuity > 55 dB in the better ear in non-hearing-impaired athlete

reflexes; decreased cognitive ability, coordination and balance (both sitting and standing)

Cerebrovascular Congenital heart disease, especially in developmentally disabled (Down’s syndrome);
system cardiomyopathy in muscular dystrophy
Pulmonary Diaphragmatic excursion, as measured by percussion along posterior thorax, >3 cm in
females and >5 cm in males during respiratory cycle
Pulmonary function tests for neuromuscular and scoliotic disabilities
Gastrointestinal/ Bowel control
genitourinary Continence
Neuro Identification/confirmation of SCI level of muscle tone (Ashworth scale) and primitive
Musculoskeletal Range of motion (goniometer); ligamentous laxity
Strength testing, structural deformities
Orthotics usage; sitting posture evaluation (head position, thoracic kyphosis, pelvic tilt)
Functional Independence measures of transferring, ambulation/mobility and proficiency in using
adaptive equipment
Neck Atlantoaxial instability (AAD)

arthritis, AAT may occur at a later date in the
setting of both conditions.

CLASSIFICATION

Historically, a number of classification systems
have arisen based on the particular disability.!?
Examples include those of the Special Olympics
International, U.S. Les Autres Sports Association,
U.S. Cerebral Palsy Athletic Association, U.S. Asso-
ciation of Blind Athletes, Wheelchair Sports
U.S.A., Disabled Sports U.S.A., Dwarf Athletic
Association of America, International Stoke
Mandeville Games Federation, and the American
Athletic Association of the Deaf. Currently, the
Functional Classification System (FCS) is applied
to level the playing field (Table 21.2). The FCS
consists of a medical and technical component.
The latter is determined by a sports professional
team that evaluates coordination, balance, range
of motion sensorimotor function, and basic levels
of functional ability using a point system. Live
participation in the chosen sport constitutes the

technical component. The examiner may modify
the final numerical score by coupling the two
components; the higher the number, the higher
the functional ability. The letters T, F, S, etc. refer
to the sport (track, field, swimming, etc.). The
classification system identifies six categories:
amputees, wheelchair athletes, Les Autres, visu-
ally impaired, cerebral palsy, and intellectual dis-
ability. Each category is subdivided into classes.

PRESCRIBING EXERCISE

Depending on the degree of disability and avail-
able resources, the exercise prescription should
address activities of daily living, weight control,
psychological well-being, and the fitness profile
(e.g., range of motion, strength, and cardiopul-
monary endurance).’® The usual principles apply
with the following exceptions. The target heart
rate (THR), if not directly available from an exer-
cise stress test (EST), may be lower than calcu-
lated by the standard formula due to highly
reduced vascularity and muscle mass (Chapter
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TABLE 21.2

Functional Classification Systems (FCS) Categories and Classes

Visually Impaired

(Athletics)

T10  No light perception; unable to recognize hand shapes

T11 2/60 and/or visual field of less than 5 degrees®

F11

T12  2/60 to 6/60 and visual field of more than 5 degrees and less than 20 degrees®

F12

Amputee

T42  Single above-the-knee; combined lower and upper limb amputations; minimum disability

T43  Double below-the-knee; combined lower and upper limb amputations; normal function in throwing arm

T44  Single below-the-knee; combined lower and upper limb amputations; moderate reduced function in one
or both limbs

T45 Double above-the-elbow; double below-the-knee

T46  Single above-the-elbow; single below-the-elbow; upper limb function in throwing arm

F40  Double above-the-knee; combined lower and upper limb amputations; severe problems when walking

F41 Standing athletes with no more than 70 points in the lower limbs®

F42 Single above-the-knee; combined lower and upper limb amputation; normal function in throwing arm

F43  Double below-the-knee; combined lower and upper limb amputations; normal function in throwing arm

F44 Single below-the-knee; combined lower and upper limb amputations; normal function in throwing arm

F45 Double above-the-elbow; double below-the-elbow

F46 Single above-the-elbow; single below-the-elbow; upper limb function in throwing arm

Cerebral Palsy

T30  Severe to moderate involvement; uses one or two arms to push wheelchair; control is poor; affects both
arms and legs

T31 Severe to moderate involvement; foot propelled wheelchair push; affects both arms and legs

T32 Limited control of movements; some throwing motion

T32  Full strength in upper extremity; propels wheelchair independently; affects both arms and legs; or same

F32 side arm and leg

T33  Good functional strength with minimal limitation or control problems in upper limbs and trunk; affects

F33 lower legs

T34  May use assistive devices; slight loss of balance; affects lower legs or both legs and one arm

F34

T35  Walks or runs without assistive devices; balance and fine motor control problems

F35

T36  Good functional ability in dominant side of body; affects arm and leg on same side of body

F36

T37  Minimal involvement; could be present in lower legs, arm and leg on same side of body, one leg, or

F37 demonstrate problems with balance

Wheelchair

T50  Uses palms to push wheelchair; may have shoulder weakness

T51  Pushing power comes from elbow extension

T52  Normal upper limb function; no active trunk
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TABLE 21.2 (CONTINUED)
Functional Classification Systems (FCS) Categories and Classes
T53 Backward movement of trunk; uses trunk to steer; double above-the-knee amputations
F50  No grip with non-throwing arm; may have shoulder weakness
F51 Difficulty gripping with non-throwing arm
F52 Nearly normal grip with non-throwing arm
F53 No sitting balance
F54 Fair to good sitting balance
F55 Good balance and movements backward and forward; good trunk rotation
FS6  Good movements backward and forward; usually to one side (side to side movements)
F57  Standard muscle chart of all limbs must not exceed 70 points®
Functional
(Swimming)
S1 Unable to catch water; restricted range of motion; no trunk control; leg drag; assisted water start
S2 Unable to catch water; restricted range of motion; no trunk control; slight leg propulsion; unassisted water
start
S3 Wrist control limited; limited arm propulsion; minimal trunk control; hips below water; water start
S4 Wrist control; arms not fully fluent; minimal trunk control; hips below water; better body position
S5 Full propulsion in catch phrase; limited arm movement; trunk function; leg propulsion; sit or stand starts
S6 Catch phrase present; arm movement efficient; trunk control; leg propulsion; push start, sit or stand
S7 Good hands; good arms; good trunk; hips level; stand or sit dive start
S8 Hand propulsion; arm cycle good; trunk good; hips and legs level; use of start blocks
S9 Full hand propulsion; full arm propulsion; full trunk control; propulsive kick; dive start from blocks

S10 Full hand and arm propulsion; full trunk control; strong leg kick; dive start and propulsion in turns

Visually Impaired
(Cycling, Goalball, Judo and Swimming)

B1 No light perception, unable to recognize hand shapes
B2 Visual acuity of 2/60 with less than 5 degrees field of vision

B3 Visual acuity of 2/60 to 6/60 and field of vision from 5 to 20 degrees

4 Normal field of vision is approximately 120 to 180 degrees

b The extent of the disability is represented by an evaluation that tests function and strength of the muscle groups. Function and muscle
strength are represented by point values for each class (i.e., less than 70 points equals an F41 or F57 athlete)

Source: Lai, A.M., Stanish, W.D., and Stanish, H.I., Clin. Sports Med., 19(4), 793-819, 2000. With permission.

14). The program should progress more slowly (60
to 80%) than a comparable program for a non-
disabled athlete in order to improve compliance
and minimize injuries. Careful coordination with
community exercise resources (YMCA, health clubs,
municipal recreation departments, colleges, etc.) is
essential. Finally, regular follow-up including exam-
ination of the physically impaired provides needed
encouragement and motivation.

The prescription should be graded with
respect to intensity, as a vigorous program can
cause early fatigue with secondary depressive
effects. Flexibility, strengthening, and propriocep-
tive exercises based on the sport and physical

impairment should be individualized in conjunction
with the preparticipation exam. Neglected muscle
groups should be emphasized. Appropriate
warm-up and cool-down program elements are
important. Preventive taping and orthotics should
be incorporated.

The choice of a sport should reflect the pref-
erence of the patient, the type and degree of the
disability, and the person’s motivation and deter-
mination (Table 21.3)."%'5 Horseback riding and
ice-skating are two therapeutic modalities that
have been shown to be very useful among the
disabled population. Disabled riders can partici-
pate in social or organized riding clubs. They can

PROFILES OF ATHLETES



212

THE PHYSICALLY CHALLENGED ATHLETE

TABLE 21.3

Sport and Recreation Options by Disability
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TABLE 21.3 (CONTINUED)

Sport and Recreation Options by Disability

Team Sports
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easily assist at horse shows — for example, by
judging. Carefully graded competitions for the
disabled are also available. Ice-skating helps
handicapped youngsters to gain confidence and
self-control. Balance is essential, but less power
and strength are required than for walking. A
stable spine, good quadriceps, absence of knee
flexion contractures, extension and abduction sta-
bility of the hips, and extension stability of the
knee are required for participation. Additionally,
relatively plantigrade feet, some dorsiflexion and
plantar flexion stability of the ankle assisted by
an orthosis, and motor power across the ankle
joints are useful. Well-fitted, single-blade skates
without toe picks are recommended. An outrigger
skate aid of the Lofstrand type can be used to
increase the support base. A Hein-A-Ken™ skate
aid is useful with children who cannot propel
themselves with reciprocal action. Children with
minimal brain dysfunction and attention deficit
disorders benefit through precision movement,
obstacle completion, and kinesthetic awareness.

TYPES OF DISABILITIES
While some disabled athletes are deaf and blind,
most have one of these sensations preserved.

Sensory Impairment:

The Deaf Athlete

Although the oldest international organization
(1924) for disabled sport was developed for the
deaf athlete (Comité International des Sports des
Sourds, or CISS), public interest in and support
for athletic programs for the deaf have never been
strong. Deaf athletes appear normal and are capa-
ble of playing all sports that are open to people
with normal hearing. Fitness levels and motor
development do not appear to be significantly
different from normal peers. Sensorineural defects
(e.g., congenital rubella, infections, congenital
malformations, Rh incompatibility, and drug ther-
apy), rather than conduction problems are the
cause of significant deafness. While the severity
of the hearing deficit can be classified, a hearing
loss of 55 dB or greater in the better ear (three-
frequency pure tone average at 500, 1000, and
2000 Hz) is required for purposes of competition
qualification (eligibility standard for World
Games). Concomitant damage to the vestibular
apparatus, although relatively uncommon, affects
balance and coordination. Activities with sharp
turns, spins, or cuts (skiing, skating), or those
demanding balance (gymnastics, diving) may not
be possible. Communication is the major problem
for the deaf athlete, and its lack may prevent
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participation in some sports. Colored lights and
flags and light dimmers are used to facilitate play.
The athlete must develop peripheral vision in
order to recognize the field position of team-
mates. A full athletic program for deaf athletes is
available at Gallaudet College, Washington, D.C.,
the largest liberal arts institution for deaf people
in the world. Many deaf people have excelled at
the amateur, professional and elite level.

Sensory Impairment:

The Blind Athlete

Legal blindness is defined as 20/200, or 1/10 or
less of normal vision in both eyes. Some blind
athletes are legally blind; most (80%) have some
useful vision, but others are completely blind.
The underlying disorder may involve the retina,
glaucoma, or cataract. Certainly, the athlete with
partial sight has the ability to perceive light, dark,
and shadows. The International Blind Sports and
Recreation Association (IBSA) governs worldwide
sport competition among blind athletes and uti-
lizes functional classification as assessed by
usable vision rather than movement capability.
Unless there are other disabilities, the visually
impaired are generally fit, although their move-
ments may not be as free (shuffling gait, stiffness
of posture and movement) as those of the non-
visually impaired. A wide range of sports activities
are available to the blind athlete: swimming, track
and field events, weightlifting, rowing, wrestling,
golf, skiing, tandem bicycling, beep baseball,
roller or goal ball, and even archery and sky
diving. A sighted companion calls signals, uses
clap sticks, counts steps or strokes, or touches
the runner/skier in order to guide the athlete.
Blind bowlers utilize a portable, waist-high guide
rail 12 feet (3.7 meters) long. A battery emits a
beep in a regulation softball used in beep base-
ball. Athletes should wear protective gear (face
masks and chest and groin protectors) in this and
other contact sports.

Key legislation such as the Education Amend-
ments to the Elementary and Secondary Act of
1965 (1972) (Section 904), Rehabilitation Act
(1973) (Section 504), and Education for All Hand-
icapped Children Act (1975) (PL94-142) provide
the opportunity for physical education instruction
in the least restrictive environment for most blind
children. Nonetheless, blind children and youth
are not socialized into sport in the same ways
and by the same significant factors as sighted
youngsters. Learned dependence and stereotypic
behaviors are underlying. Acute visual loss may be
associated with an adverse psychological reaction



and cognitive delays. While many blind people
do compete in individual and team sports, it is
estimated that for every blind individual who is
given the opportunity to learn and engage in sport
two blind individuals are not. It is, therefore, a
lack of experience rather than a lack of ability
that is responsible for fitness and motor delays.”
The Lavelle School for the Blind in the Bronx,
NY, is one example of a free school devoted to
all blind individuals ages 3 through high school.

The Spinal Cord Injured Athlete

The wheelchair is the modus operandi for the
spinal cord injured (SCD athlete. Track and field,
swimming, table tennis, pentathlon, archery,
weight lifting, fencing, snooker, marathon, bowl-
ing, pool/billiards, slalom, road running, precision
javelin, basketball, and darchery (darts and
archery) are some common activities for these
athletes.’® SCI patients are introduced to these
activities at regional centers before joining park
or recreation department programs or the national
wheelchair organizations.

Classification (Table 21.2) of wheelchair ath-
letes is intended to enable those with even the
most severe disability to compete in a fair manner
with others of similar degrees of disability. The
system is anatomically based, and manual muscle
testing of upper and lower extremities and trunk
balance must be performed to determine classi-
fication. Training affects the cooperation, perfor-
mance, and quality of life of the athlete.'® Factors
such as spasticity, sensation, deformities, orthoses
and surgical procedures, the type of equipment,
and certain pathologies (such as the ataxia of
multiple sclerosis, the spotty paralysis of polio,
or the incomplete quadriplegia and proximal
paresis of neuromuscular disease) mean that the
two ends of the disability spectrum can present
formidable classification problems.”” One fair
solution is split classification: classifying an athlete
differently for each event. Thus, amputees and
individuals with such wide-ranging neurologic or
paralyzing disorders as meningomyelocele, osteo-
genesis imperfecta, or brain injury can compete
in the National Wheelchair Athletic Association
(NWAA) with a wheelchair.

The two basic types of wheelchair designs are
for medical/regular or sports purposes. Over 20
different sports chairs are built for performance
rather than comfort. Acceleration, turning, and
maneuverability are optimized by the use of a
roll-bar, anti-tip casters, rigid frame, lowered seat
back, and adjustable axle plates. Additional
wheelchair models include track and racing chairs
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and motorized chairs. The former utilize large
cambered drive wheels, small handrims, and a
lowered seat position. Motorized chairs use two
12-volt batteries and allow considerable indepen-
dence for severely disabled persons for up to 8
hours (after an overnight charge) at speeds up to
5 mph and inclines of at least 10°.

Common problems include bowel and bladder
dysfunction, urinary tract infection, osteoporosis,
urinary calculi, muscle atrophy, decubital ulcers,
difficulties in temperature regulation, and respi-
ratory compromise, especially for SCI athletes.

The Amputee Athlete
Amputee sports are governed by the International
Sports Organization for the Disabled (ISOD).
Amputee athletes can participate in practically any
sport or recreational activity (Table 21.3). Ampu-
tee games include swimming, skiing, slalom,
archery, riflery, football-kicking, table tennis,
bowling, and a variety of track and field events.
Amputations may be congenital or acquired, but
this factor is irrelevant to the classification system,
although congenital amputations should suggest
the possibility of other anomalies. Nine general,
five track, and seven field classifications for ampu-
tees are used by the ISOD. The team physician
should be familiar with the regulations concerning
assistive devices, orthoses, and prostheses. For
example, crutches and sticks are prohibited in all
track events, while the wearing of a prosthesis is
optional. While a wheelchair may be utilized in
basketball and marathons, most amputee athletes
compete with a prosthesis. Some skiers “three
track” by using an outrigger that has a short ski
tip and a swivel. Physical conditioning or training
may decrease the metabolic cost of ambulation
and the risk for heat-related illnesses for lower
extremity amputees.'®

Most injuries occur in running sports. Uneven
surfaces, malalignment of the prosthesis and/or
pylon, and lack of cushioning cause impact and
rotatory forces to be transmitted almost com-
pletely to the residual limb.!? Loss of a heel strike
necessitates greater quadriceps strength and may
predispose to early fatigue following above-the-
knee amputation (AKA). The hop-skip running
pattern is associated with decreased pelvic rota-
tion and exaggerated truncal and asymmetric arm
movements, and excessive vaulting off the sound
limb occurs due to a prolonged swing phase of
the prosthetic limb. Ischial bursitis and irritation of
the ischial tuberosity, therefore, are common. Areas
of minor irritation should be treated with protective
dressings (DuoDERM®) before a pressure ulcer
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develops. Socket alterations may be helpful in
some cases. Strains and sprains of the sound limb,
sacroiliac region, and lumbar spine are also sec-
ondary to increased mechanical stresses during
running. Upper extremity and multiple coexisting
amputations are more common in children, but
complications such as phantom limb syndrome
and skin breakdown are less frequent. Prostheses
require repair and reconditioning more regularly
in the younger amputee athlete due to increasing
growth and expansion as well as the frequency
of abuse and misuse.

The Cerebral Palsied Athlete

As a neuromuscular condition, the degree of mus-
cular involvement in cerebral palsy (CP) can
range from severe spasticity to slight speech
impairment. Unlike SCI athletes and competitors
whose disabilities affect the range of motion,
balance, and strength of lower extremities, the
CP athlete usually has to cope with associated
upper motor neuron dysfunction such as percep-
tual-motor problems (60%), learning disabilities
(>50%), seizures (30%), visual dysfunction (75%),
deafness (20%), abnormal reflex activity (startle
and asymmetric tonic neck) and muscle tone (50
to 85%), and other soft signs of neuron damage
(e.g., impulsivity, hyperkinesis, and attention def-
icits). Of the general CP population, 85 to 90%
have three or more disabilities. In addition, 30 to
70% of this population is mentally retarded, a
diagnosis that excludes the individual from sports
events by the standards of the National Associa-
tion of Sports for Cerebral Palsy (NASCP). The
latter uses a functional classification system of
eight categories that is sport and disability spe-
cific. About 50% of all CP athletes compete in
wheelchairs (i.e., they are functionally nonambu-
latory), and about half are ambulatory. Seizures
are best controlled with carbamazepine, as it is
the drug least likely to adversely affect the ath-
lete’s performance. Aerobic activity decreases sei-
zure potential because the metabolic acidosis
associated with lactic acid accumulation stabilizes
neuromembranes.! If seizures occur with exer-
cise, a stress test with an electroencephalogram
(EEG) is recommended. Vigilance for missed dos-
ages due to travel and ataxia and nystagmus due
to adjusted dosage schedules is paramount. Diaz-
epam suppositories should be available at athletic
events for intractable seizures.

Les Autres Athlete
A French term for “the others,” les autres repre-
sents athletes with locomotor disabilities exclusive
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of cerebral palsy. Examples include muscular dys-
trophy, multiple sclerosis, organic brain syn-
drome, osteogenesis imperfecta, arthrogryposis,
short stature, and ataxia. Some of these disabilities
are not static; they may have a variable course,
and some may be progressive; therefore, periodic
medical reviews are appropriate. While the ISOD
governs competition for this group internation-
ally, the NASCP regulates the group in the United
States. The classification may not always be
appropriate for the associated dysfunctions and
tremendous individual differences of this group
of athletes. Spina bifida athletes generally tolerate
sports well. A neurology or neurosurgical consul-
tation is appropriate if tethering is a concern.
Damage to a VP shunt is uncommon. Athletes
with an Arnold—Chiari malformation should be
managed like a Down syndrome patient with AAI.
Because cognitive and learning disabilities are
common, rule adaptation may be appropriate.
Injury to the lower extremities is possible due to
osteoporosis and sensorimotor problems. Wheel-
chair modification and orthotics should be con-
sidered. Bowel and bladder dysfunction are usu-
ally not problematic but may be an
inconvenience.

The Developmentally Disabled and
Special Olympics

The Special Olympics is the world’s largest pro-
gram of sport training and competition for men-
tally retarded individuals 8 years and older (over
1,000,000 participants, 500,000 volunteers, and
100,000 coaches in over 150 countries and all 50
states). Aquatics, gymnastics, bowling, figure and
speed skating, alpine and cross-country skiing,
soccer, softball, volleyball, floor and poly hockey,
bowling, basketball, and track and field events
occur at thousands of local, area, chapter, and
national settings. Contact sports are not allowed.
The International Special Olympics is held every
4 years. The Special Olympics has established a
motor activities training program to introduce
severely and profoundly mentally retarded people
to sport activities and physical fitness. Classifica-
tion of athletes is based on gender, age, and prior
sport performances and is commensurate with the
official rules of national sport-governing organi-
zations. 3.5% will require medical attention for
injury or illness. Down syndrome athletes are
injured 3.2 times more commonly than athletes
with other forms of mental retardation, presum-
ably because of generalized joint laxity. Most
injuries are minor and easily treated on site. Down
syndrome athletes require attention to ligamentous



laxity, hypotonia, pes planus, congenital heart
disease, AAI, and obesity. While AAI may lessen
with maturity, serial neurologic examinations are
recommended annually. Neurologic symptoms
mandate activity restriction and further evaluation.
Magnetic resonance imaging (MRD) is the imaging
method of choice for suspected AAILM

MEDICAL PROBLEMS

Autonomic dysreflexia (AD) is characterized by
piloerection, paroxysmal hypertension and brad-
yarryhthmia, hyperhydrosis, and headache sec-
ondary to a noxious stimulus (e.g., pressure sore,
distended bowel/bladder, infection, fracture, tight
clothes) below the SCI level (most problematic at
or above TG6). AD has been observed in 80% of
high-level athletes with paraplegia and is fre-
quently diagnosed.”!” Hyperthermia (50% of track
competitors) and hypothermia (9% of swimmers)
disorders have been noted in the quadriplegic
population (secondary to AD) and in the Special
Olympics (decreased perception of problem).
Management of AD includes removal of the
offending stimulus, if possible, and treatment of
the hypertension (nitroprusside, phentolamine,
labetalol). “Boosting” or self-induced AD by an
SCI competitor to enhance performance has been
reported and should be diligently screened for in
the preparticipation exam.’

Bladder infections have been reported in 22%
of pediatric disabled athletes.> Although overuse
injuries occur with slightly more frequency than
acute ones, functional deterioration, hypoactivity,
and fear of accident cause most of the damage
to these children. Preventive strategies emphasiz-
ing environmental control and strength and con-
ditioning plus orthotics and similar devices to
correct structural deformities and reduce biome-
chanical stress are important.?> No empirical data
exist for injury patterns in the sensory impaired.

Spinal cord injury athletes participating in
swimming, endurance races, and cold-weather
activities may experience hypothermia due to loss
of muscle mass below the lesion level, loss of
sweat, lack of vasomotor and neural control, and
decreased sensation. While preventive education
is important, intra- and post-competition monitor-
ing is critical. Loss of sudomotor and vasomotor
reflexes cuts both ways and may also be respon-
sible for hyperthermia, a condition potentially
worse in the disabled athlete. In the 1990 U.S.
Junior Wheelchair Games, 49% of the participants
suffered from hyperthermia or heat-related ill-
ness.” If the athlete’s axillae are hot, one should
seriously consider the possibility of heat illness.
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The concomitant administration of anticholin-
ergics or alpha blockers make this even more
likely. Both conditions require emergency treat-
ment (Chapter 35).

Pressure sores afflict wheelchair athletes,
amputees, and all insensate athletes with improp-
erly fitted prostheses, and occurs in those sports
that involve high amounts of directional change
and lateral movement (e.g., basketball, tennis).
Anatomical areas that require attention are the
greater trochanter of the hip, sacrum, and isch-
ium. Pressure loads are further exaggerated by
specially designed sports wheelchairs in which
the athlete’s knees are higher than the seat. Proper
positioning, custom-fitted cushioning, correct fit
of prostheses and equipment, regular reposition-
ing, and minimization of skin shear and moisture
are important management strategies.

Premature osteoporosis and osteopenia sec-
ondary to paraplegia can lead to fractures in the
paralyzed extremities during contact sports. These
should be suspected in the setting of AD, pain,
angular deformity, and minimal mechanical force.
Heterotopic ossification also occurs in SCI or trau-
matic brain injured athletes, usually around major
joints. While sports participation does not
increase the risk of ectopic bone formation, it
should be considered a stimulus to AD. Limitation
of exercise capacity (decreased cardiac output),
venous blood pooling, and the potential for deep
venous thrombosis are additional problems in the
SCI athlete. Management strategies include
abdominal binders, positive pressure garments
(stockings), and lower extremity functional elec-
trical stimulation.

Spasticity is a potential problem for any athlete
with a central nervous system (CNS) injury.
Removal of irritant stimuli, flexibility training,
appropriate bowel and bladder programs, and
regular posture/position changes are appropriate.
Awkward gait patterns are extremely exhausting,
as is the use of wheelchairs and orthotics. Extra
energy is required. Obesity prevention is a par-
ticular challenge for those individuals who use
crutches to ambulate or who bear weight on
weakened extremities. Individuals with muscular
dystrophy should not exercise to exhaustion due
to the danger of muscle damage (weakness within
30 minutes following exercise, excessive muscle
soreness 24 to 48 hours following exercise, severe
muscle cramping, extremity heaviness, prolonged
shortness of breath).

Psychological problems (depression, anxiety)
can occur in any physically challenged athlete but
are more common in the childhood and adolescent
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Table 21.4
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Major Organizations for Physically Challenged Athletes

National Sports Center for the Disabled
P.O. Box 1290

Winter Park, CO 80482

303-293-5711

www.nscd.org/nscd

United States Amputee Association (USAA)
Route 2, County Line

Fairview, TN 37062

615-670-5453

United States Association for Blind Athletes
(USABA)

33 N. Institute Street

Brown Hall, Suite 015

Colorado Springs, CO 80903

719-630-0422

www.usaba.org

American Athletic Association of the Deaf (AAAD)
3607 Washington Blvd., Suite 4

Ogden, UT 84403-1737

801-393-7916 (telecommunication device for the deaf)
801-393-8710 (voice)

www.aaad.org

Dwarf Athletic Association of America
418 Willow Way

Lewisville, TX 75067

214-317-8299

www.daaa.org

National Association of Sports for Cerebral Palsy
(NASCP)

66 E. 34th Street

New York, NY 10016

212-481-6359

United States Cerebral Palsy Athletic Association
200 Harrison Ave.

Newport, RI 02840

410-848-2460

WWW.uscpaa.org

National Handicapped Sports and Recreation
Association (NHSRA)

Capitol Hill Station

P.O. Box 18664

Denver, CO 80218

303-232-4575

United States Organization for Disabled Athletes
147 California Ave.

Uniondale, NY 11553-1131

516-485-3701

www.wws.net/usoda

Special Olympics, Inc. (SO)
1356 New York Avenue, N.W., Suite 500
Washington, D.C. 20005

Special Olympics International
1325 G Street, NW, Suite 500
Washington, D.C. 20005
202-628-3630
www.specialolympics.org

Disabled Sports USA

451 Hungerford Dr., Suite 100
Rockville, MD 20850
301-217-0960

www.dsusa.org

Wheelchair Sports USA

3595 E. Fountain Blvd., Suite L-1
Colorado Springs, CO 80910
719-574-1150

WWW.WSUsa.org

Amputees in Motion
St. Benedict’'s Manor
3000 Polk, #419
Ogden, UT 88403
801-731-3971
www.usinter.net

The United States Olympic Committee
Disabled Sports Services Dept.

One Olympic Plaza

Colorado Springs, CO 80909-5760
719-578-4958

Amputees in Motion
P.O. Box 2703
Escondido, CA 92025
619-454-9300

age category. Parental overprotection, unrealistic
expectations, inadequately trained coaches, lack

toileting facilities, social isolation, and peer pres-
sure may negatively impact improved self-confi-

of medical support, inadequate transportation and  dence, self-sufficiency, and self-actualization.
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MUSCULOSKELETAL INJURIES

Injury rates are approximately the same as those
of athletes without a disability in similar sport
activities.?! They are usually minor and of low
grade. Soft tissue (e.g., sprains, bursitis, tendinitis,
and strains, especially of the shoulder, arm
and elbow) and skin problems (e.g., abrasions
[71% are wheelburns], pressure sores, blisters
[77%)D) occur in up to 97% of wheelchair athletes
during training and competition in track events.”?!
Shoulder pain is the most common complaint in
wheelchair athletes.'? The differential diagnosis
should include bicipital and rotator cuff pathology
as well as osteonecrosis. In 14 to 16% elbow pain
is secondary to forearm extensor tendinitis, ole-
cranon bursitis, triceps tendinitis, epicondylitis,
and nerve entrapment (carpal tunnel [50-73%)],
ulnar [50%], radial [16%]). The point of
hand—wheel contact at the proximal carpal tunnel
is the site of impingement in carpal tunnel,
whereas Guyon’s canal is the ulnar entrapement
site. Ganglion cysts of the long flexors or exten-
sors are secondary to repetitive injury to the wrist
joint capsule. Avascular necrosis of the lunate
(Kienbock’s disease), dorsal compartment tenos-
ynovitis, and deQuervain’s disease are additional
repetitive use injuries. Track, road racing, and
basketball also have the highest percentage of
such injuries. Hand and wrist fractures are the
most commonly encountered fractures in the
wheelchair athlete, particularly during collision
sports. Associated osteopenia may impair the
healing process. In the childhood athlete, the
epiphyseal plate is involved. Skiing by athletes
with disabilities is relatively safe. The knee is
injured more commonly in CP athletes. Overuse
injuries to the wrists, hands, and rotator cuff are
common in the wheelchair population, whereas
lower extremity overuse problems (tendinopathy,
apophysitis) are very unusual. Cross-training in
another sport (e.g., swimming) for a short period
may be necessary. No empirical data exists for
injury type or rate for athletes with sensory
impairments.

SUMMARY

Regular physical activity for the physically chal-
lenged in the form of sports and recreational
exercise improves their fitness profile, increases
muscular function, and builds courage and self-
esteem. Regular participation moves these indi-
viduals beyond their specific disability, focuses
on ability and achievement, and enables them to
enter the mainstream of society. A proactive phy-
sician role is essential because physicians are
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rarely reported to be primary motivators for com-
petitive or recreational athletic involvement.
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INTRODUCTION

A popular form of physical activity, running is a
relatively simple method of increasing overall fit-
ness and reaping the health benefits of regular
exercise. The number of runners in the United
States is estimated to be over 30 million. More
than 10 million of these athletes run on more
than 100 days of the year, and about 1 million
enter competitive races each year.! The increase
in participation and competition has been accom-
panied by an increase in running-related injuries.
The competent primary care sports physician
must be familiar with the etiology, pathogenesis,
evaluation, diagnosis, treatment, and prevention
of these injuries and common medical problems
in runners.

EPIDEMIOLOGY OF RUNNING
INJURIES

It is not surprising that injuries occur during run-
ning when one considers that the lower extremity
is loaded with 1.2 to 2.1 times body weight at
heel strike, and 2.5 times body weight at toe-off,?
and that each foot strikes the ground an average
of 800 times per mile.? Compared with walking,
these forces must be attenuated by the body in
roughly one third the time, due to the decreased
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period that the foot is in contact with the ground.?
The annual incidence of running injuries ranges
from about 37 to 56%.* Jacobs and Berson® found
that 210 (47%) of 451 runners competing in a
New York 10-km race had sustained at least one
previous injury that required them to reduce their
weekly mileage during the 2 years prior to the
race. When running, the force at the ankle and
hip is twice as great as when walking on a level
surface; at the knee, it is six times as great.® No
wonder the knee is the site most commonly
injured (25 to 45% of injuries).>> Other sites that
may suffer from acute trauma or chronic overload
include the low back, hips, hamstring, anterior
lower leg, Achilles tendon, ankle, and heel.>> The
patellofemoral pain syndrome is the most com-
mon injury, followed by iliotibial band friction
syndrome, plantar fasciitis, meniscal injuries of
the knee, and tibial stress syndrome (Level of
Evidence B, retrospective study).” About 60% of
these injuries appear to result from training errors
such as excessive interval training or speed work,
running on poor surfaces, rapid mileage increase,
ignoring a previous injury, failure to recognize
physical limitations due to a biomechanical prob-
lem, poor flexibility training, and wearing
improper or worn-out footwear.*

* In the second edition, this chapter was authored by Suzanne M. Tanner.
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CAUSES OF RUNNING INJURIES

Etiologic factors associated with running injury
include previous injury, lack of running experi-
ence, running to compete, and excessive weekly
running distance (Level of Evidence B, systematic
review).* Identifying and altering characteristics
of the runner, training methods, and running envi-
ronment may help prevent running injuries.® Pos-
sible factors that may contribute to musculoskel-
etal damage during running are discussed below.

Characteristics of the Runner

Age

In the majority of studies, no significant relation
has been found between age and running injury
rate.? Brunet et al.> however, found that an
increasing age of runners paralleled a slight
increase in the self-reported incidence of hip,
back, and foot pain. These complaints, however,
typically increase with age in the general popu-
lation, irrespective of running. Taunton et al.” also
found that age less than 34 years conferred
increased risk for patellofemoral pain syndrome.
Similarly, Yzerman and van Mechelen found that
runners at a younger age sustained more injuries
than older runners.* Thus, a relative, not absolute,
relationship may exist between injuries and
extremes of age.

Gender

It was previously thought that gender per se does
not seem to be an important risk factor for run-
ning injuries.” Several retrospective studies have
shown no difference between men and women
in the rate of running injuries;>®® however, a
large 15-year prospective longitudinal study of
over 3000 high school cross-country runners
showed that girls sustain running-related injuries
more often than boys (Level of Evidence B, clin-
ical cohort study).!* Females with poor quadriceps
strength and an increased Q angle* may be pre-
disposed to patellofemoral pain. Stress fractures
also tend to be more common in female runners
than male runners. In younger age groups, female
runners tend to be more prone to running injuries
than males, although the exact etiology is
unknown.

Structural Abnormalities

Although the role of anatomical factors in running
injuries has not been well documented in epide-
miological studies, the hypothesis that structural
abnormalities are a risk factor for running injuries

* Angle of the shaft of the femur and the shaft of the tibia. Normal
in girls is under 20°; normal in boys is under 15°.

is too reasonable to deny.” Leg length inequality
is seen frequently but generally is not considered
functionally significant unless greater than 13 mm
(0.5 in).?2 Up to a 20- to 30-mm leg length
discrepancy may be acceptable in a low demand
population, but in the repetitive high-loading
environment of running, many suggest compen-
sating for a discrepancy as small as 5 mm."3 Wen
et al.' found that lower extremity alignment was
not a major risk factor for injury in a low-mileage
group, but further study in high-mileage runners
is warranted. Genu valgum, varum, and recurva-
tum; patella alta; and pes cavus and planus have
been blamed as causes of running injuries,” but
data from various studies are conflicting.

Body Build

Powell® examined body mass index (BMI; weight
in kilograms divided by height in meters squared)
and found it was unrelated to injury rate. Taunton
et al.” found that women with a BMI of <21 kg/m?
were at increased risk for tibial stress fractures
and spinal injuries. Low BMI, especially in the
context of a lower bone density and higher level
of bone density required in active athletic female
runners, may predispose to stress-related inju-
ries. 1

Past Injury

Runners with a previous injury may more likely
be reinjured because: (1) the injury may have not
healed completely, (2) rehabilitation of surround-
ing muscles may be incomplete, (3) inherent indi-
vidual tissue susceptibility to injury may remain
(e.g., structural abnormality), and (4) repaired
tissue may not function as well.” Many studies
have supported and identified previous injury as
an important independent risk factor for running
injuries; however, the exact mechanism still
requires clarification.*

Characteristics of Running

Distance

Weekly running distance is a strong determinant
of running injuries.* The average number of miles
run per week is clearly associated with the inci-
dence of running injuries.” The incidence of stress
fractures, for example, increases with more miles
run per week. In a study by Brunet et al.2 of 375
women, 4% sustained a stress fracture while run-
ning 11 to 20 miles per week; 32% of the women
sustained a stress fracture while running more
than 50 miles a week. Newell and Bramwell'®
estimate that running between 50 and 70 miles
per week results in a 50% chance of knee injury.



EVALUATING THE INJURED RUNNER

Marti and Willick showed that, although the abso-
lute risk of injury increases with increasing mile-
age, the relative risk (per unit distance) decreases
with increasing mileage.!” Existing literature does
not support running contributing to osteoarthritis,
but some evidence may suggest an association of
high mileage running with an increase in osteoar-
thritis.!” No specific mileage can be identified below
which one can run without risk of injury nor a
mileage above which the risk of injury abruptly
increases.” A linear relation appears to exist
between injury rate and mileage run per week.?

Speed

Speed of running does not appear to be related
to the risk of injury when the number of miles
run per week is taken into account.” In the
younger runner, however, a significant association
exists between training speed and running inju-
ries.* Although, in general, it has not been shown
that running speed causes injuries, impact forces
increase as speed increases, so that during time of
recovery, it would be prudent to advise runners to
reduce training speed as a means to lower impact.'®

Stability of Running Habits

A sudden change in weekly mileage is a frequently
mentioned factor contributing to running injuries
cited in clinical studies. Over 60% of running inju-
ries have been attributed to training errors, most
notably rapid increases in mileage and intensity of
training.'® An abrupt increase in the stress on the
musculoskeletal system is likely to produce an
injury because of lack of tissue ability to adapt to
the sudden change.* Limiting weekly increases in
mileage to 10% maximum may be a safe guideline,
but the actual magnitude of the increase needed
to elevate the risk of injury is unknown.”

Stretching

Theoretically, improved flexibility increases the
range of motion around a joint and thereby
reduces stress placed on the tissues around the
joints during running.” Surprisingly, though, no
association between performing stretching exer-
cises and injury prevention has yet been found
in epidemiological studies.>” In fact, many studies
cite stretching as a cause of increased running
injuries.* Stretching following injury has been
demonstrated to prevent reinjury, and chronic and
overuse injuries may benefit from a regular
stretching program.’ Overall, stretching and its
relation to injuries is controversial, but improved
muscle flexibility aids in recovery from and pre-
vention of reinjury.
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Characteristics of the Running
Environment

Terrain

No association has been found between terrain
and rate of injury, suggesting that persons who
regularly run up and down hills have no more
or fewer injuries than persons who regularly run
on level ground.” Runners who frequently run on
roads with cambered surfaces have been shown
to have left-sided injuries, probably related to
unequal load in the legs.*

Surfaces

In men, no difference in the incidence of injury
between those who usually run on an artificial
surface and those who usually run on the street
has been found.?®> In women, however, it has
been found that running on hard concrete sur-
faces leads to an increase in running injuries.?
Running on ice and snow, of course, may lead
to falls.

Shoes

Many studies show that well-designed and prop-
erly fitted running shoes should assist in the
reduction of overuse injuries, and proper shoe
selection and fit may compensate for biomechan-
ical abnormalities and decrease the rate of
injury.?12? Excessively worn running shoes may
also lead to injury. Yzerman and van Mechelen
found a significant correlation between infrequent
change of running shoes and injury. Shoes with
poor heel counters may cause overpronation and
result in internal tibial or femoral torsion, which
can increase the risk of injury.?

Other Potential Causes

Other potential, but inadequately studied, factors
that may be associated with running injuries
include running form, strengthening exercises,
warm-up prior to running, and time of day during
which running is performed.”

EVALUATING THE INJURED
RUNNER

A detailed evaluation (Table 22.1) must be carried
out, as a number of distinct etiologies are possible
(Table 22.2). After a thorough history, which
should include a healthy amount of listening, the
athlete (dressed in shorts and barefoot) should
be examined standing, sitting, prone, and supine.
Anatomy (e.g., landmarks, length, size, shape,
etc.) and biomechanics (e.g., range of motion,
strength) should be assessed on the injured as
well as the normal side. The running shoes should
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TABLE 22.1
Evaluation Checklist

1. History
Pre-existing medical/surgical illnesses, including medications and allergies
Previous injury and outcome
Symptom
Onset
Mechanism of injury
Change over time
Treatment and results change over time
Training habits
Distance
Frequency
Time of training
Intensity/pace/speed
Footwear
Style
Warm-up/cool-down
Terrain/surface
2. Exam
Carefully check the following sites for structural and functional abnormalities:
Abdomen
Back
Hips
Thighs
Knees
Legs
Ankles
Feet/footwear
3. Laboratory
As indicated for underlying medical illness
4. Radiology
Indications include suspicion of osteoarthritis, osteochondritis dissecans, and loose bodies
5. Special studies
Stress films — may be positive when plain films are normal

Technetium-99 bone study — high sensitivity, moderate specificity for suspected stress fracture
(positive 5 to 7 days after injury)

Computed tomography (CT) scan — superb for cortical detail
Magnetic resonance imaging (MRD) — excellent for soft tissue detail

Treadmill analysis of running/gait — useful for evaluating effectiveness of orthotic devices and determining
whether malalignment or training technique is predisposing to injury
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Site Condition Predisposing Conditions
Back Lumbar strain Weak back and abdomen
Herniated disc
Sacroiliac joint irritation Leg length discrepancy
Femoral anteversion
Hip Greater trochanteric bursitis
Osteitis pubis
Piriformis syndrome
Ischial bursitis
Gluteus medius tendinitis
Anterior iliac crest apophysitis Children only
Posterior iliac crest apophysitis Children only
Thigh Quadricep strain Inflexibility
Hamstring strain Inflexibility
Adductor strain Inflexibility
Abductor strain Inflexibility
Knee Quadriceps tendinitis
Chondromalacia/patellofemoral pain Females, widened Q angle
Irritation of the plica
Patellar tendinitis
Prepatellar bursitis
Osgood—Schlatter’s disease Teenager
Iliotibial band friction Inflexibility
Popliteus tendinitis
Pes anserinus bursitis
Lower leg  Gastrocnemius strain Inflexibility
Periostitis (“shin splints”)
Anterior tibialis tendinitis Inflexibility of Achilles tendon
Anterior compartment syndrome
Ankle Achilles tendinitis Inflexibility, hyperpronation
Sever’s disease Young teenager or child
Retrocalcaneal bursitis Tight shoe heelcup
Peroneal tendinitis/subluxation/ Inflexibility, cavus foot
Posterior tibialis tendinitis Hyperpronation
Sprains Lateral ankle ligaments Inadequate rehabilitation
Deltoid (medial) ligament After previous sprain
Foot Plantar fasciitis/heel spur Adult, pes cavus, pes planus

Accessory navicular bone

Metatarsalgia

Shoewear, inflexibility of Achilles tendon
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TABLE 22.2 (CONTINUED)

Running Injuries

Site Condition Predisposing Conditions
Sesamoiditis Hyperpronation, cavus foot
Bunions Hyperpronation, tight shoewear
Blisters Shoewear, pes cavus
Nerve entrapment (tarsal tunnel syndrome)
Toe problems (ingrown toenails, subungual hematoma)

All sites Stress fracture

Aggravation of preexisting arthritis

also be examined for wear. Wear patterns can
indicate biomechanical tendencies, which may
help identify causes of injuries. While acute inju-
ries are more evident, chronic overuse injuries
are more common in runners; often, injuries may
be mixed.

Medical Problems

The runner may be affected by a number of
medical problems that must be distinguished from
more significant underlying illnesses (Table 22.3).
These problems are discussed at length in the
medical section of the text.

Psychological Aspects

“Runner’s high” has been described as euphoria
or a sense of well-being accompanying long-
distance runs. Experienced runners who regularly
train long distances and who seek mental disso-
ciation while running most frequently report this
high. Mental diversions may permit escape from
pain. The rhythmic pace and controlled breathing
accompanying running has been likened to med-
itation. Perhaps endorphins, released from the
pituitary gland and other sites during running,
have a morphine-like effect, masking pain and
producing euphoria.? Psychological aspects are
also vital in the recovery from injury. Robinson
et al.?* suggest that “rehabilitation is 75% psycho-
logical and 25% physical.” The runner’s actions,
emotions, and cognitions can work either for or
against the rehabilitation behaviors,® so it is espe-
cially important to address the psychological state
of the injured runner.

Shoe Selection

The four main categories of running shoes are
stability, motion control, cushioned, and light-
weight:

TABLE 22.3

Medical Problems in Runners

Problem Area Specific Problem

Thermoregulation Heat exhaustion/heat stroke
Hypothermia

Frostbite

Skin Runner’s nipple

Athlete’s foot (fungal infection)
Sunburn

Gastrointestinal Cramping pain

Diarrhea, with or without blood

Urinary tract Hematuria

Myoglobinuria
Hematologic Iron-deficiency anemia
Reproductive Oligomenorrhea/amenorrhea
Psychological Addiction to running
General Dehydration

B Stability shoes have a good mix of cush-
ioning, medial support, and durability.
These shoes are generally semicurved and
have a medial post or multidensity mid-
sole. Stability shoes are well suited to the
midweight, neutral runner with medium
to low arches.

B Motion control shoes are the most rigid,
with the goal of limiting overpronation.
These shoes tend to be the heaviest and
most durable (also most expensive) of the
running shoes. Typically, they have
medial post, multidensity midsole, possi-
bly a polyurethane midsole, and a carbon
rubber outsole. Many are built on a
straight last, which offers stability and
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Place old shoes on a firm surface; look for any tilt of the shoe either medially or laterally.

Inspect the wear pattern on the sole of the shoe.

Have the patient stand barefoot with feet shoulder width apart and inspect arch height.

Have patient dip feet into basin of water and make footprints on dark paper; evaluate the arch pattern.

Have patient walk 15 to 20 feet barefoot and observe gait for touchdown, carriage, and push-off.

From this, determine the foot type and biomechanical pattern:

Low Arch/Overpronator

Normal Arch

High Arch/Underpronator

Motion control or stability
(firm midsole)

Stability or cushioned

Cushioned
(flexible midsole)

maximum medial support. Motion control
shoes are best geared to the heavyweight
overpronator with flat arches.

B Cushioned shoes have the softest midsole
and the least medial support. They are
usually built on a curved or semicurved
last. These are most appropriate for light
to midweight underpronators with high
arches.

B Lightweight shoes are generally cushioned
and may be used for training or racing.
High-performance, biomechanically
sound runners generally use lightweight
shoes, because they may offer a kinematic
advantage.??’

The running shoe protects the body from injury
by absorbing and distributing the force of impact.3
A difference of approximately 33% in initial shock
absorption has been observed among 40 different
shoe models, but no long-term differences in
shock absorption characteristics have been found
to be based on either price or manufacturer.*
Shock absorption of running shoes decreases as
a function of miles run. Shoes that exhibit superior
initial shock absorption capability often have
more rapid degradation of this property.? Shoes
lose approximately 30% of their initial shock
absorption after 500 miles of running,® or after
approximately 3 months of weight-bearing exer-
cise. Thus, prudent advice may be to suggest that
runners purchase new shoes every 400 to 500
miles or 3 to 6 months of regular wear. It has
also been shown that a wet midsole has 40 to
50% less shock-absorbing capability.?

In a relatively short amount of time in the
office, the physician can assist a runner in proper
shoe fit (Table 22.4) First, have the patient stand

with feet shoulder width apart and observe their
arches. Next, perform a wet test; have the patient
get their feet wet and observe the footprint left
on a piece of dark paper. If the patient has a
high arch, the foot will then tend to underpronate,
as described previously, and will benefit from a
cushioned shoe with a curved last. These runners
should avoid motion control or stability shoes, as
these will tend to minimize foot mobility. A flat-
arched foot predisposes to overpronation. Run-
ners with low arches tend to overpronate and are
best fit with motion control or stability shoes with
firm midsoles and straight to semicurved lasts.
They should avoid cushioned, curved last shoes.
A runner with a normal arch can wear either a
cushioned or stability shoe. Patients with normal
arches and no biomechanical abnormalities could
use a cushioned shoe. If they have some mild to
moderate pronation, a stability shoe is probably
a better choice. Lightweight runners who have
no biomechanical problems could train in cush-
ioned, lightweight trainers, but this should be
discouraged due to the decreased shock-absorb-
ing capability and a higher potential for injury.

Orthotic Devices

Orthotic devices are preformed or custom-made
rubber or plastic shoe inserts. By supporting the
foot in a neutral position, pronation or supination
in a symptomatic runner is corrected. Asymmetry,
such as a leg-length discrepancy, can also be
corrected. Although orthotics have been used for
years, little scientific or clinical evidence has been
published in the literature to support their use.?
The effectiveness of the orthotic device, however,
is dependent upon the skill of the medical per-
sonnel molding and adjusting the orthotic. The
fabrication of orthotic foot devices for runners
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requires both skill and experience. Significant
variance can be observed among personnel con-
structing orthotic devices using the same molding
system. Runners should have orthotics created by
a person experienced with sports orthotics, such
as a sports podiatrist. Patients should gradually
increase the duration of wearing orthotics from
several hours per day to full-time usage over
several weeks. Adjustments of the orthotic inserts
are required if pain reduction does not occur after
1 to 2 weeks. If a runner who wears orthotics
becomes injured, the orthotic should be inspected
for wear or breakdown. Because biomechanical
malalignment is often well tolerated or compen-
sated for by the body’s own adjustments, orthotic
devices should not be prescribed as a preventive
measure in an asymptomatic runner.

THE YOUNG RUNNER

Recently, the popularity of distance running among
children, including participation in marathons, has
surged. It is difficult to determine if the aerobic
fitness benefits of distance running in prepubescent
children outweigh the risks. Reports of potential
damage have not been evaluated with proper epi-
demiological scrutiny. It is not known whether the
risk is greater for children than for adults. Until
further data are available concerning the relative
risk of endurance running at different ages, the
American Academy of Pediatrics (AAP) recom-
mends that, “If children enjoy distance running and
are asymptomatic, there is no reason to preclude
them from training for and participating in dis-
tance running” (Level of Evidence C, consensus
opinion).*® The AAP, however, advises medical
personnel who counsel families to warn the fam-
ilies of potential risks. Training for long-distance
running by prepubescent children may induce
thermoregulatory, hematologic, endocrine, psy-
chosocial, and musculoskeletal problems (see
Chapter 18). The incidence of these disorders,
however, is not well documented.

A child’s ability to maintain thermal homeo-
stasis during prolonged running is less efficient
than an adult’s, particularly during extremes of
heat and cold (Chapters 10 and 18). Children
absorb more heat than adults due to their higher
ratio of body surface area to mass. They have a
less efficient sweating mechanism and must rely
on more nonevaporative cooling mechanisms.?!
Thus, children may be more predisposed to dehy-
dration, heat stroke, and hypothermia than adults
during prolonged running in extreme conditions.

Iron depletion, manifested by low serum fer-
ritin concentration even with a normal hemoglo-

bin concentration, is not uncommon among ado-
lescent runners of both sexes. In one study, 80%
of young female athletes were iron deficient.?? An
iron-poor diet, possible foot-strike hemolysis,
hematuria, mild occult gastrointestinal bleeding,
and potential loss from menstruation may be con-
tributing factors. Studies of the incidence and
etiology of iron depletion, however, have not
been performed in prepubertal children.

Delayed menarche often occurs in female dis-
tance runners. Menarche will usually occur sev-
eral months after cessation of or reduction in
training. When menarche is delayed, a medical
etiology should be explored, rather than assuming
that it is caused by exercise alone. Amenorrhea
is an important clinical symptom in young runners
due to the potential of endocrinologic conse-
quences, as peak bone mass is gained between
16 and 30 years, with 48% being accrued in the
adolescent years.3!

Psychologic and social problems for the child
runner may result from spending long hours train-
ing and striving for unrealistic goals. A runner’s
self concept may become tied to athletic success,
with loss in competition producing a decreased
feeling of self worth. To minimize this risk, the
AAP recommends that prepubertal children
should be allowed to participate for the enjoy-
ment of running, without fear of parental or peer
rejection or pressure.?

Overuse injuries, particularly involving the
apophyseal growth plate, are common in children
(see Table 22.2). Recent data indicate that 30 to
50% of all pediatric sports injuries are due to
overuse.”® The American College of Sports Med-
icine estimates that 50% of overuse injuries in
children are preventable.3!In an effort to prevent
overuse injuries, running programs should
emphasize general fitness and avoid excessive
volume.

THE OLDER RUNNER

The older runner is at a higher risk of injury
because of age-related changes, including prior
joint injuries, loss of flexibility, and strength def-
icits. Thus, it is important for the primary care
sports provider to be knowledgeable about the
demands of the sport and the physiologic changes
seen in the elderly when treating injuries in this
population.?® The most notable changes observed
with aging are those involving the musculoskel-
atal system. Lean body mass decreases, interstitial
fat content increases, joint motion diminishes, and
muscle strength and endurance decrease. Progres-
sive loss of bone mass is also a concern.’



While running does not appear to cause
osteoarthritis in persons with normal weight-bear-
ing joints,? 3 impact from running tends to accel-
erate articular cartilage damage in persons with
preexisting joint damage. Thus, running may
potentiate the development and severity of
osteoarthritis in persons with a previous total
meniscectomy, ligamentous instability, and pre-
existing arthritis.®

Many elderly people take medications that can
trigger adverse effects while they exercise,® so
healthcare providers must be cognizant of what
medications are taken and educate the patient
regarding the potential risks with running.

Sudden death in runners over age 30 years is
almost invariably due to severe atherosclerotic
coronary artery disease. Before beginning a vig-
orous exercise program, an exercise stress test
should be considered after a patient is carefully
risk stratified.

Injuries to the older athlete can be thought to
be a combination of training effects and changes
to the body secondary to aging. As with other
runners, proper training techniques are important
in order to avoid injury in older runners.

SUMMARY

The incidence of running injuries may be reduced
by employing proper training methods, correcting
anatomic deficits, and using the proper equipment.
Mileage and intensity should be increased grad-
ually, and injuries should be properly healed and
rehabilitated before resuming high-level training.
Leg length discrepancies, foot and arch abnor-
malities, and excessive motion may contribute to
injuries, and correction of these deficits may
decrease frequency of injuries. Properly fitted
shoes can help minimize excessive lower extrem-
ity motion, can reduce shock, and may help pre-
vent injuries. Running is a simple and effective
way to enjoy the health benefits of regular exer-
cise and with attention to these factors may be
performed safely in all age groups
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INTRODUCTION most of these injuries are related to overuse.’ A

Swimming is the most popular participation sport
in the United States, involving 120 million ath-
letes.! Men and women of all ages swim for fitness
benefits, leisurely pursuit, camaraderie, or com-
petition. Swim teams across the United States
recruit children as young as 6 and master’s pro-
grams attract swimmers into their 90s. Although
the overall number of injuries is small compared
to the large participation number, invariably the
sports medicine physician will see and treat many
swimming injuries. The majority of swimming
injuries are found in competitive swimmers, and
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successful competitive swimmer trains 5 to 7 days
a week for 10 to 11 months of the year. Many
engage in two workouts a day, often averaging
8000 to 20,000 yards per day. This equals over
a half million arm movements a year and could
be compared with running 45 miles per day.® It
is understandable why shoulder pain is one of
the major problems swimmers develop. Swim-
mers need to recognize the difference between
soreness and the true pain that signals an injury
and seek appropriate attention in a timely man-
ner; however, competitive swimmers will often
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Right hand entry Early pull-through

Middle pull-through

Right arm recovery  Middle recovery

Figure 23.1 Freestyle stroke is broken down into two parts: pull-through and recovery.

continue to swim for weeks, worsening their
injury. The coach, trainer, and sports physician
must work as a team to provide aggressive man-
agement of injuries in order to return the swim-
mer to the water quickly. Education to prevent
recurrence of injuries is also important.

BIOMECHANICS

Competitive swimming consists of four strokes:
breaststroke, backstroke, butterfly, and crawl (fre-
estyle). In the backstroke, butterfly, and crawl,
the majority of propulsion comes from the arms.
Thus, it is not surprising that the majority of
injuries in these swimmers involve the upper
extremity. All three have overhead strokes that
involve similar shoulder motion, and therefore
result in similar injury patterns. The majority of
training, regardless of the swimmer’s chosen
stroke, is done freestyle. Proper freestyle tech-
nique decreases the likelihood of injury to the
shoulder. During the out-of-water phase (recov-
ery), the torso rotates as the shoulder exits the
water in an abducted and externally rotated posi-
tion. The elbow should remain above the hand
until the hand enters the water in front and just
outside the line of the shoulder. To keep the
elbow high, the swimmer must roll the body 70
to 100 degrees. During the underwater phase
(pull-through), the shoulder internally rotates and
adducts to propel the body forward. The upper
trapezius, thomboids, supraspinatus, and deltoid
all function in combination to position the scapula
and humerus for hand entry and exit during fre-
estyle (Figure 23.1).5

Breakdowns in freestyle mechanics, whether
secondary to pain or fatigue, can lead to aggra-
vation of the shoulder. A fatigued swimmer may
drop the elbow during the recovery phase which
may result in impingement of the rotator cuff
muscles. In lieu of changing to a different stroke
or resting completely, the swimmer can continue
swimming the freestyle stroke with a modification
that places less strain on the shoulder; the swim-
mer’s arm exits at the iliac crest instead of at the
thigh, resulting in decreased tendon irritation

Figure 23.2 Reduce freestyle injuries by pulling
the hand out of the water at the iliac crest. (From
Kammer, L.T.C., Phys. Sportsmed., 27(4), 53, 1999.
With permission.)

(Figure 23.2).° The breaststroke is unique in that
it relies heavily on the legs for propulsion and
less on the arms.” A whip kick is utilized during
this stroke which places tremendous valgus stress
at the knee and ankle (see Figure 23.3). Conse-
quently breaststrokers are more often bothered
by lower-extremity injuries.

UPPER EXTREMITY INJURIES
Swimmer’s Shoulder

Shoulder pain is the most common complaint
among competitive swimmers. It is generally
related to the repetitive overuse of the swimmer’s
stroke as well as to problems with stroke tech-
nique. Classic swimmer’s shoulder refers to an
impingement syndrome caused by repeated rub-
bing of the rotator cuff muscles and biceps tendon
against the under-surface of the acromion, result-
ing in chronic inflammation.® This condition is
seen to some extent in up to 40 to 60% of
competitive swimmers.” Typical symptoms
include pain about the acromion that is initially
present only during a workout and maximal at
the beginning of the pull phase of the stroke.
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Figure 23.3 The whip kick utilized during the
breaststroke. (From Richardson, A.R., Clin. Sports
Med., 1986, 5(1), 104. With permission.)

With time, pain can become constant and prevent
the swimmer from competing. Eventually, chronic
impingement syndrome can lead to tears of the
rotator cuff; however, this is rare in the younger
swimmer.

Initial treatment includes relative rest, icing,
and nonsteroidal anti-inflammatory medications.
In addition to decreasing the total weekly mile-
age, the swimmer should use varying stroke
styles. One option is to use swim fins that will
allow the swimmer to train at a pre-injury pace
with less stress on the shoulder.! In cases where
pain is persistent, the swimmer should limit train-
ing to kickboard workouts to maintain cardiovas-
cular and lower extremity fitness while minimiz-
ing strain on the shoulder. The kickboard should
be held with the affected arm slightly flexed at
the elbow and shoulder, as the standard kick-
board position with the arm straight out essen-
tially reproduces the impingement test maneuver
and may aggravate symptoms.! In addition, use
of an upper arm counterforce brace (tennis elbow
strap) placed high on the arm over the biceps
tendon while training may help reduce symptoms.*°

If conservative management fails, corticoster-
oid injections can be effective in helping to
reduce inflammation.” Other therapeutic modali-
ties such as electrogalvanic stimulation (EGS), hot
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packs, and ultrasound may also be tried. Acromi-
oplasty, removal of the bursae, or removal of the
acromioclavicular ligament is reserved for recal-
citrant cases.

Preventing future shoulder injuries requires a
combination of stroke technique education,
stretching, and strengthening. The swimmer
should have his stroke analyzed by an experi-
enced swim coach to correct any stroke mechan-
ics problem. In addition, swimmers should avoid
overstretching the anterior shoulder and focus on
the posterior shoulder, which is often tight.!! Due
to the freestyle mechanics, most swimmers have
stronger internal rotators than external rotators.??
To counteract this imbalance, the swimmer should
focus on strengthening the rotator cuff muscles
with specific attention placed on the external
rotators. Some swimmers will need to focus on
the scapular stabilizers, especially the serratus
anterior. A strengthening program should be cre-
ated with a physical therapist to focus on balanc-
ing antagonist and agonist muscle groups.

Shoulder Instability

In recent years, instability of the shoulder has
been recognized as a major cause of shoulder
pain in competitive swimmers. This is due in part
to vigorous flexibility programs as well as the
repetitive forceful stretching of the joint capsule
caused by shoulder circumduction during swim-
ming. The result is recurrent anterior or posterior
subluxation at the glenohumeral joint with corre-
sponding anterior or posterior shoulder pain.
Backstroke swimmers are particularly prone to
isolated anterior instability, termed apprebension
shoulder.’? Repetitive anterior subluxation may
result in labral tears.

The pain of glenohumeral instability can be
difficult to distinguish from impingement, and
frequently the two co-exist.! The pain tends to
be maximal midway through the pull phase of
the stroke and is frequently associated with click-
ing felt during certain motions. Often the swim-
mer can relate episodes of the shoulder “going
out.”» On exam the apprehension test should be
done in two directions: anterior and posterior.
Inferior instability can be demonstrated with the
sulcus sign, done by pulling downward on the
arm while the athlete sits on the examining table.
Inferior instability in combination with anterior
and/or posterior instability is defined as multidi-
rectional instability. Swimmers with multidirec-
tional instability are at greater risk for labral tears,
Hill-Sachs deformity, or Bankart lesions. It is
important to view axillary x-rays to rule out the
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latter two problems. If a labral tear is suspected,
a CT-arthrogram or magnetic resonance imaging
(MRD) can be ordered to confirm this diagnosis.

Initial treatment is conservative with relative
rest, ice, and nonsteroidal anti-inflammatory med-
icines (NSAIDs). Central to conservative treatment
is a strengthening program to compensate for
shoulder laxity. In general, such a program
focuses on internal rotators for anterior instability,
external rotators for posterior instability, shoulder
abductors for inferior instability, and a balanced
strengthening program of the rotator cuff when
multidirectional instability is present. With return
to swimming, stroke modification may be neces-
sary to prevent recurrence. In swimmers with
persistent instability despite a one-year trial of
conservative therapy, a surgical procedure to
tighten the glenohumeral joint may be indicated.!
Swimmers must be counseled that a surgical pro-
cedure may limit their ability to swim at the same
competitive level as prior to surgery due to a
reduction in joint mobility.

Hand/Elbow Injuries

Although the majority of upper extremity injuries
involve the shoulder, the elbow can be suscepti-
ble to overuse injuries as well. The repetitive full
ext