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Preface

Welcome to the Manual of Sports Medicine. We feel that this contribution to sports
medicine literature should rank high among those texts that emphasize practicality
and comprehensive coverage of thie special interest area. In these times, one rarely
gets the opportunity to sit down and read about a subject for any significant period
of time. Thus, the editors of this book—specializing in orthopaedic surgery, family
medicine, and cardiology—hope that this reference manual is easy to use, contains
practical and up-to-date information, and is presented in an informal, understand-
able style.

It is our intent to continue the excellent tradition of the spiral manual series by
presenting a volume meant for the practicing sports medicine physician. Each of our
contributors represents a recognized and respected leader in sports medicine. It is
also the goal of the editors and contributors to have compiled and produced a quick
and easy-to-use, practical guide that can be carried in your pocket or your doctors’ or
trainers’ bag when assisting in the care of the athlete.

As sports medicine continues to evolve, we felt that this would be an ideal time to
compile a thorough, complete, and practical pocket guide for the practitioner who
cares for the athlete. Sports Medicine has become more organized, academically rig-
orous, and important in its impact on medicine in general. Sports Medicine has also
evolved to include multiple disciplines and specialties, with its basic premise not
founded in glitz and glamour but in profoundly improving medical care for the ath-
lete. We would submit to you that the benefactor of these changes (and indeed, the
teachings of this book) is not simply the elite or competitive athlete, but a much
larger population loosely defined as anyone who uses exercise for prevention, ther-
apy, recreation, avocation, or vocation.

In multi-authored texts, some overlap of material is inevitable. Recognizing this we
have chosen not to attempt to eliminate it entirely, thus allowing the reader to be
exposed to different presentations and, at times, approaches. It also avoids excessive
internal cross-referencing, thereby improving readability. We hope this approach is
beneficial for the reader.

We, along with the contributors, hope you find this textbook a worthy addition to
your medical library. May its cover and pages become “dog-eared” from overuse.

Marc R. Safran, M.D.
Douglas B. McKeag, M.D., M.S.
Steven P. Van Camp, M.D.
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1. TEAM PHYSICIAN, ATHLETIC TRAINER, AND TRAINING ROOM

Douglas B. McKeag and Jeffrey S. Monroe

I. Changes in Sports and Medicine
The justification for considering the special interest area of sports medicine
separately from the rest of medicine resides in reviewing the changes that have
taken place in both sports and medicine. The trends indicate favorable
consideration of this subject for most practitioners of medicine and especially for
primary care physicians as they minister to the needs of their patients. Sports
medicine is unique in a variety of ways:

A

B.
C.

F.

G.

The injuries of athletes are not always treated like those of injured non-
athletes. Return-to-play considerations are affected by significantly differ-
ent forces than return-to-function considerations.

Sources of information in sports medicine remain relatively inconsistent and
confusing.

Sophistication regarding the personal health of today’s athletes has
increased considerably. Because biomechanics and biopharmacology aid in
training, more athletes than ever before have studied applied human physi-
ology and the ability to change that physiology.

. The number of sports- and exercise-related injuries has increased exponen-

tially. Some of the reasons for this include but are not limited to:

1. Increased participation.

2. Growing number of sports offered.

3. Disappearance of “natural selection”; borrowing from Darwinian theory,
this terminology refers to persons who may have, for a variety of rea-
sons, elected not to participate and who suddenly find themselves
instead participating in a particular sport.

4. Increased opportunities to play; this is especially true from the stand-
points of socioeconomics and gender.

5. Increased sophistication of sports, which has required many young ath-
letes to pay a much higher price (in time and effort) to be successful in a
sport

6. Training intensity, duration, and frequency, which appear to have
increased across the general population of athletes.

7. Apparent lack of a concurrent advancement of coaching technique or
knowledge that keeps up with the above-described changes

. Current trends in medicine are more community oriented, especially with

regard to health-care issues. For most of the sports activities in this country,
the community is the organizing point.

Sports medicine remains an excellent marketing tool. Athletes and active
individuals represent an excellent health-risk population. Generally, such
persons are well motivated, with above-average resources available to them.
The area of sports medicine lacks quality assurance. Because of the multi-
disciplinary nature of sports medicine, defining the type of expertise needed
to take care of active individuals becomes extremely difficult. One movement
in that direction, however, has been the establishment of a certificate of
added qualification (CAQ) in sports medicine offered to board-certified
physicians in the specialties of family medicine, emergency medicine, inter-
nal medicine and pediatrics.

. There is a relative lack of formal sports medicine education. This is espe-

cinlly true in the medical school setting. Because of its multidisciplinary
nature, formal sports medicine education or even musculoskeletal education
s not taught comprehensively or well at the graduate medical level.

. The field of sports medicine continues to involve many disciplines and, to a

cortain degree, remains outside the mainstream of medical politics. Re-
nources to support its academic underpinnings are certainly insufficient.

3
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d. The concepts that have evolved from the special needs of athletes have now
been expanded and used for the treatment of non—exercise-related problems.
Dogma, which once burdened physicians, concerning the treatment of certain
musculoskeletal injuries has been eliminated with the experience of years of
new techniques and protocols practiced on highly motivated and elite athletes.

K. Exercise remains one of the most powerful, positive preventive tools avail-
able to physicians today. It is relatively low-cost and carries with it the abil-
ity to modulate a significant number of risk factors in humans.

L. Exercise has been shown to be highly effective adjunct therapy in a variety
of chronic disorders such as epilepsy, diabetes mellitus, asthma, and manic
depresgion.

Il. Sports Medicine Team
A 'I‘he team physician should be

. A physician treating clinical problems (not a researcher or paramedic).
2. The extension of the athlete’s personal physician.
3.

Capable of offering quality, continuous primary care to the athlete or
group in question (this does not include interacting only on an episodic
or sporadic basis).

4. Head “gatekeeper” of a support network surrounding the athlete that

includes other allied health personnel and consultants.

. Medically answerable to no one but peers.
. Competent in the special interest area of sports medicine. The team

physician must possess an adequate knowledge base to take care of all
needs of an athlete in all situations that might arise.

B. The athletic trainer should

1.

2.

Provide the athletic program and medical community with a connection
to health care services including but not limited to emergency proce-
dures, preventive measures, and rehabilitation services.

Coordinate, guide, and triage all care given to athletes.

C. The athletic training room should be

1.
2.

3.
4.

Administered by athletic trainers with direction from the athletic direc-
tor and the team physician.

Limited to treatment of minor medical procedures under the protocols
set by the team physician.

The repository of all athletic medical files.

A “safe haven” for student athletes from members of the press and fans.

D. Consultants

1L

Consultants represent a vital part of the sports medicine team. A list of
consultants who are willing to work with the special needs of athletes
and who understand the demands that exercise places on the athlete is
important. It is recommended that the clinicians in following specialty
areas become members of the sports medicine team:

a. Cardiology

. Nutrition

Orthopaedic surgery

Gynecology

Physical medicine and rehabilitation

Otorhinolaryngology

Psychology

Psychiatry

Neurosurgery/neurology

Ophthalmology/optometry

Radiology

General surgery

. Plastic surgery/hand surgery

. Podiatry

. Biomechanics

BB ~Fe PR b an T
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2. The “perfect” sports medicine consultant

a.
b.

is able to see the patient in a timely manner.
understands the need of team physician to participate in providing
care

c. prov.ides proper feedback to team physician and network.
d.
e
f.

promises confidentiality.

. understands the “sense of urgency” in providing medical care.
. agrees with the network “philosophy of care” concerning injuries

and/or illnesses.

. The Sports Medicine Network
A. Philosophy
1. Precompetition: major responsibility is the prevention of injury

Preseason
(1) Assessment of community/system epidemiology
(a) Community needs/allotment of resources
(b) Injury patterns of sport
(c) Severity of injury
(d) Existing network of medical care
(e) Successful disposition of injured athlete
(2) Establishment of sports medicine network
(a) Coverage of events
(b) Chain of command/decision making
(c) Legal issues and their delineation
(d) Traneportation of injured athletes
(e) Consultation principals and protocols
() Continuing education in sports medicine for network mem-
bers auc
(3) Preseason conditioning/preparticipation evaluation and screening
(a) Preexisting conditions
(b) Physical conditioning
(c) Provide forum for presentation of biopsychosacial concerns
(sexual activity, drug use, and so on)
(d) Assessment of appropriate maturation and matching
(4) Season-long competitive environment
(a) Playing conditions/environmental factors
(b) Adequacy of facilities/field of play
(¢) Up-to-date training techniques/coaching
(d) Health care maintenance of current injuries
(e) Athlete education/monitoring of high-risk behavior
(D Equipment safety
(5) Postseason
(a) Review of network functioning
(b) Complete follow-up of all injuries/illnesses (exit physical
examinations)
(c) Evaluation of health care rendered
(d) Future network needs

2. Competition: Triage is the priority during competition.

®Qn TP

. Physician coverage data

Recognition of early signs of sports-induced injuries

. “Sideline” philosophy, chain of command for evaluation
. Return-to-play criteria and appropriate triage
. On-the-field initial examination

(1) “Golden” postinjury period, defined as the time immediately fol-
lowing injury when the athlete may remain stunned, (the first
five minutes after injury). Swelling may be minimal and guarding
of the injured area nonexistent. It is during this period that the
most accurate postinjury clinical examination is usually obtained.
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(2) Take your time on the field, rule out serious injury, then trans-
port athlete to acceptable site.

(3) Take a history, with appropriate emphasis on the biomechanics
of the injury.

(4) Perform a focused physical examination.

(5) Assessment of the problem on the sidelines should include
(a) diagnosis.

(b) assessment of the severity and extent of the injury.
(¢) need for diagnostic services.
(d) determination of the mode of transportation if necessary.

(6) More complete physical after removal from competition should
include:

(a) the concept of serial examination.

(b) return-to-play guidelines as well as planning rehabilitation
and treatment.

(c) consideration and examination of peripheral body areas that
may be involved.

(d) confirmatory re-examination of injured area.

3. Postcompetition: The major responsibility of the postcompetition period
is to develop an efficient, effective, and fast rehabilitation program.

a. Close follow-up and assessment should be included.

b. Rehabilitation oriented toward the active individual, stressing the
following points:

(1) early initiation of rehabilitation.

(2) maintenance of conditioning.

(3) early mobilization when possible.

(4) return to play as soon as possible.

c. Appropriate use of therapeutic modalities and medications

d. Return-to-play guidelines evaluated and updated to include:

(1) restoration of full function, strength, and range of motion (ROM).

(2) restoration of strength, sensation, including proprioception and
balance.

(3) psychologically readiness of athlete to return to play

e. Concept of relative rest: Most injured athletes do not need absolute
rest but can be “shunted” to other activities or to a milder form of the
normal sporting activity.

f. Light-intensity training (LIT): In this concept, athletes are consid-
ered participants in their own rehabilitation. When athletes are
worked back into a sports activity from which they have been dis-
qualified, they should be told to begin functional rehabilitation, with
cessation of all symptoms on activities of daily living. Activities
should begin with minimal distance and with very low intensity
level. Athletes then have three choices in evaluation of whether to
progress in rehabilitation.

(1) If pain or swelling develops during activity, the athlete should
immediately stop and back down one step in the process.

(2) If pain or swelling develops afier activity, the athlete should con-
tinue that activity but not increase it until no pain is present
after activity.

(3) If asymptomatic during and after activity, the athlete should
increase activity in predetermined gradients, with physician con-
sultation.

IV. Roles and Responsibility Clarification
A. The team physician is not
1. a policeman.
2. a punisher
3. an extension of the coach or trainer or of administrative policies.
4. afan.
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6. Medically answerable to anyone except peer review or law.
6. Provider of 100% of health care.
B. The team physician is
. coordinator of all health care.
. provider of continued care.
. overseer of the sports medicine network.
. knowledgeable and current regarding on sports medicine practices.
. contributor to feel
. a resource to community and colleagues.
. aware of rules.

IR OVE WN -

. Legal lssues

As nports medicine becomes a more recognized special-interest area it is only
natural that its practitioners will be held to higher medical standards commen-
surate with increased duties and responsibilities that they have assumed and
that the community expects of them.
A. Avoiding lawsuits. Risk of litigation over medical treatment of athletes can
be reduced if sports physicians
1. follow established guidelines (these may even be ones that they have
helped formulate).
2. generate a written contract with the school or group with which you are
working.
3. if at all possible, work with athletic trainers. The physician may be able
to help bring athletic trainers into a particular system.
4. generate a thorough preparticipation sports physical exam (see chapter 2).
. use sound judgment concerning the athlete’s return to competition.
Recent and future guidelines are being established in a variety of areas.
. institute early and proper care.
seek informed consent for treatment before athletic activity begins.
be careful and conservative with release of information.
make decisions based on medical knowledge, not competition concerns.
. know when to refer.

=]

Cexasz

1

Hthics In Medical Declsion Making
Hports medicine, like any other special-interest area involving physicians with
oonflicting priorities (e.g., prison, occupational, military medicine) is subject to
medical decision-making issues that require ethical analysis for a rational
solution. These are often termed conflict of interest or divided loyalty dilemmas.
Nuch dilemmas result from being situated between two or more parties, each
avoking a strong sense of commitment and/or duty from the care provider.
‘I'heno conflicts may differ, depending on the level of sport covered (professional,
colloge, high echool or youth programs) but remain a continuing problem and
major factor in medical decision-making in sports.
A Conflicts of interest
1. Role of team physician versus role of fan: Most sports physicians are
involved in sports because they enjoy them and are fans. At times, this
can create a conflict of interest in the treatment of an injury and judg-
ment concerning return to play. Obviously, the role of the fan/booster
must be subservient to the role of the team physician.

2 Woelfare of the athlete versus welfare of the team: The conflict between
tho welfare of the individual athlete and the welfare of the team is prob-
ably the most common dilemma occurring at all levels of competition. It
becomes more of a conflict as the pressure to win takes priority over
medical values in a program. Established return-to-play criteria for a
c"rogram can help tremendously in guiding a physician or physicians.

elfare of the athlete versus wishes of the athlete: The principle that
should prevail when one confronts the problem of an athlete’s wishes
vorsus welfare is “Physician do no harm.” The team physician must
think about long-term consequences versus short-term benefit. In addi-



8 1. Team Physician, Athletic Trainer, and Training Room

B.

C.

tion, the physician should ask whether the athlete is making the deci-
sion due to coercion, either overt or covert. The athlete may not be old
enough to consider the ramifications of his or her actions fully.

4. Welfare of the athlete versus wishes of the family: Occasionally, though
not often, the wishes of the athlete’s family unit may conflict with the
long-term welfare of the athlete.

Minimizing dilemmas: Ambiguity and misunderstandings should be avoided
at all times and certain principles should be followed:

1. Clarify the nature of the relationship between you and the other parties
involved (e.g., coaches, parents, athletes, school administrators, team
owners) at the onset.

2. Insist on professional autonomy over all medical decisions.

3. Anticipate, identify, then insulate yourself formally from all possible
coercive pressures to insure such autonomy. Give clear directions to the
athletic trainer.

4. Communicate the principles and guidelines under which you intend to
deliver care and make decisions before becoming the care provider.

5. Eliminate or at least recognize and minimize any personal biases you
may have that might adversely effect your function as team physician.

The handling of a potential medical problem: With the onset of injury

1. Remove the athlete from the field/court of play to a quieter less open
environment.

2. Carry out an unhurried, thorough examination.

3. Decide whether return to play is possible (triage), always considering
potential risk of further injury. If you decide that an athlete cannot
return to play, inform the athlete first of your decision and then inform
the appropriate coach. If you decide the athlete can be continue to play
proceed as follows: )

a. Discuss return to play with the athlete only, exclusive of others.

b. In the case of a young athlete, insist on discussion to clarify the ath-
lete’s wishes and then confer with appropriate family members.

c. Any doubts expressed by the athlete about return to play should
strongly bias the physician to eliminate the athlete from further play
in that contest regardless of what the physician thinks.

d. Act as an athlete advocate when dealing with the coach concerning a
decision not to play.

e. Be very clear on the limits of your responsibility as team physician.
If a physician concludes that an athlete can return to play, but at a
diminished level of performance, it becomes the coach’s decision as to
whether the injured athlete is more valuable to the team than a
healthy backup.

Vil. Helpful Hints
Consider the following list before becoming or agreeing to become a team
physician. These are recommendatione only but they may help you put your
participation as team physician in perspective.

A

I & = B o w

Do you have current training in cardiopulmonary resuscitation (CPR,
BCLS)?

. Do you know how to manage an acutely traumatized athlete with an injury

to the head, neck or back?

. Will your malpractice insurance extend to sports medicine coverage?
. Does the team or program sponsoring the activity you are covering have lia-

bility insurance to cover a team physician?

. Are the athletes to be covered provided with a consent form for treatment of

non-emergency injuries?

. Are you comfortable with your knowledge base concerning re-entry into a

sporting event following an injury (return to play guidelines)?

. Can you recognize your own limitations and call in other specialists when

necessary?

. Are you willing to put in the time and to be on call for athletic team needs?
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Viil. lssues to Conslider as Team Physiclan
A. Medical/legal
1. Catastrophic injury, emergency care, notification of family, administra-
tion, media relations
2. Disqualification
Medically
Psychological
Return from disqualification
3. Malpractice: assumed responsibility
4. Confidentiality/record keeping
B. Substance abuse: policy
1. Detection
2. Education
3. Treatment/records
(. Performance improvement
1. Consultants
2. Medical education
3. Research
). Prevention
1. Coaching techniques
2. Risk-taking behavior by athletes
3. Equipment
4. Preparticipation screening
5. Injury rehabilitation
F. Nutrition
1. Behavior modification
2. Eating disorders
3. Supplements



2. THE PREPARTICIPATION PHYSICAL EXAMINATION

Jeffrey R. Kovan

The preparticipation physical examination (PPPE) of children, adolescents, and
young adults is one of the most common reasons for a visit to a physician. As the fre-
quency of office visits among adolescents decreases with increasing age, the PPPE
offers one of the few opportunities for direct contact between the physician and the
child/adolescent. The purpose of the PPPE is to assist young athletes by reviewing
previous medical concerns, preventing injury or illness, and ultimately weighing the
benefit of exercise and sports participation against the risk of exacerbating any pre-
existing medical condition.

The primary goal of the PPPE is to help maintain the health and safety of athletes
in training and competition. In allowing an athlete to participate, a major objective of
the physician is to limit exclusion of healthy athletes from participation and to pro-
mote a safe environment in which to compete. Approximately 1% of athletes are
denied clearance during their PPPE and 3% to 15% require further evaluation. The
PPPE is not intended to substitute for an athlete’s regular health maintenance exam-
ination. Nevertheless, due to the lack of compliance of patients in visiting a physi-
cian, the PPPE has often provided the only direct contact between the athlete and the
medical community. According to the forthcoming PPPE monograph, the primary
objectives of the preparticipation physical are (1) detect any condition that may pre-
dispose an athlete to an injury or iliness during competition; (2) detect any medical or
health condition that may limit an athlete's safe participation, and (3) address any
legal or insurance requirements.

PPPEs are used as a screening tool to assess athletes who may be at risk for injury,
illness, or abusive behaviors. Assessment of athletes’ fitness level and risk in partici-
pation are common goals that should be shared by all.

Implementation

Provider

The PPPE should ultimately be performed by physicians competent in preventive
screening of athletes. Individual states certify which practitioners are qualified to
perform such examinations, and many states allow health care professionals other
than physicians to perform them. In general, the PPPE should be completed by a
physician (M.D./D.O.) and by assisting medical personal (i.e., physician assistants,
medical students, and residents). The primary provider should review all records and
cosign all completed portions of that examination as the director of the medical team.

Timing

The PPPE should be performed approximately 6 weeks before the beginning of pre-
season practice. This allows further evaluation for any necessary referrals as well as
adequate time for any rehabilitation from previous injuries. If a longer time is allo-
cated before the examination, other injuries that may subsequently occur may not be
evaluated before the athlete participates in sports.

Frequency

Optimum timing intervals for the PPPE have not been fully established. Often based
on school or state requirements, level of risk of the student athlete, out-of-pocket
costs, as well as availability of qualified personnel, the frequency of performance of
the PPPE varies markedly at different age levels. It is generally recommended that
entry-level screening evaluation should be performed before an athlete enters a new
school level, i.e., middle school, high school, or college, and be followed by an interim
yearly evaluation to assess any problems incurred during the previous year and fol-
low up on previous pertinent medical conditions or injuries.

10
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Method/Setting

()ffice-based Physical Examination

Although not time efficient or cost effective, the office-based PPPE offers the most
vomprehensive examination and provides the best avenue for continuity of care. If the
physician has treated an athlete throughout his or her childhood and has an ade-
yunte record of that athlete’s previous history, any pertinent medical problems are
lunr likely to be missed on the examination. Unfortunately, not all physicians have
oiqual interest in sports participation among adolescents and are often unaware of an
nihlete's particular sport and its demands. This may lead to performance of an incom-
plote examination and ultimately to a feeling of uneasiness about the care provider
with regard to determining clearance for an athlete with a particular medical or
phynical condition.

Station

The Garrick “station” method of examination uses several examiners, each focusing
on n particular region of the body during the PPPE. Often the most cost-effective and
wMcient method with regard to the examination, the station-based evaluation has
Iweome quite useful when several providers are available and can focus on a particu-
Inr body part during their examination. Unfortunately, the station-based examina-
Linny limits continuity of care among examining physicians, and any need to delve into
pertinent private issues of the athlete is often hindered. Physicians often are rushed
through the examination because of time constraints and are unable to provide an
uvorall general screening of the athlete’s entire body, leading to a disjointed approach
"T'uble 2-1).

lawcker Room

‘I'ne locker room examination necessitates an approach similar to the station-based
oxamination, with the focus on a one-on-one encounter. Each physician performs a
vomplete PPPE on an individual athlete, providing continuity of care not achieved
with the station-based examination. Concerns similar to those arising in the station-
hamed examination arise regarding confidentiality, privacy issues, and a quiet envi-
romment for the evaluation. Despite these concerns, time efficiency, cost effectiveness,
and n more detailed level of continuity of care have caused the locker room examina-
tion to be the most widely used method today.

Content
Hintory
‘I'he medical history alone provides a 92% sensitivity in detecting significant mus-
vulonkeletal injuries and a 63% to 74% identification rate with history alone.

Table 2-1. Organization of examination stations

Hintion Task Personnel
| Registration; fill out history Teacher, administrator
J Vital signs taken Teacher, coach, trainer
A Blood pressure and pulse Nurse, coach, trainer
4 Urine sample taken Nurse, coach, trainer
n Assessment of visual acuity: Snellen chart Nurse, coach, trainer
1l Assessment of hearing acuity Nurse, coach, trainer
! General medical examination Physician
and Tanner staging
] Student athlete exits the examination
area; gathering of materials for Teacher, administrator

completeness
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Unfortunately, significant variation occurs between completion of the historical infor-
mation by the athlete alone versus completion by the athlete and parent together.
Statewide PPPEs of athletes who are minors require the signature of parents or
guardian before review. Joint completion of the medical history by parents and ath-
letes would dramatically improve the history evaluation and is recommended. The

Preparticipation Physical Evaluation

HISTORY | DATE OF EXAM
Name Gex Age Dute of birth
Grade School Sport(s)
Phons
in case of smergency, contact
Name Phone (H) w)

Explain “Yes” answers below.
Carcle questions you don know the ansFwers to. 10. Do you use any special PrOWCIvE Of COMUCIve
squipmen o devices thal aren usually used for

your sport or posision (for example. knee brace,
pecial neck roll, fool orthoticy, redainer for yus
Ieoth, hearing aid?

11. Have you had @ probiems with yous eyes or vision?
DO you Wy GRASEe8, CONMECES, O PROCTVe Syowes ?

12. Have you sver had & sprain, strain, or sweling after

of
oF

1. Have you had & medical Biness of injury since
your lasi check up of aports physical?

Do you have a chronic Binems?

. Have you ever been hoapitallzed ovemight?
Have you ever had surgery?

»
oooo of
pooo D #

0O g ooog
‘0 0O 000

njury?
3. Are you currently taling any presaription or Have [*
{over-the-oounisr) b ml:':unor'lmmmyw-a
or pila or using an inhaler? !

Have you had any other problems with pain or

Have you sver taken any supplements a o
et s gt o o o e Tl e . b
4. Do you have any aliergies (for exampis, @0 polien. [m] [m] O Head O Neck O Back
medicine. food, or stinging insects)? O Ches O Shoulder O Upper arm
Have you ever had & rash ov hives develop a a O Ebow O Forsarm O wrist
during or after exercise?
$. Have you aver passed ol during or alter enerciss? O @] O Hand O Finger O Ho
Have you ever been dizzy ding or aher emecies? (1 O g —c g:;' O Shincak
enerciss?
e tmo ™! 8§ slmmemmecsenem 0 O
during exercise? :
Have you avar had racing of your heart or o o Do you lase weigiht regularly to mest requirements [m] a
skipped heartbeats? for your spart?
Have you hart high bicod pressure of high cholestal? ) O 14 Do you twsl streased out?
Have you ever been toid you have & heat mumu? 0 o 15. Recond the dates of your Mot recent immunizasions
Ha any family member or relative died of heart 0o o {shots) or:
problerms or of audrien desth befors age 507 Teuns Maasies,
Heve you had a severe virel infection (lor example, O u] Hepatiia B, Chicken Pox
myocarditis of mononuciensis) within the (asi month' FEMALES ONLY
Hss @ physician ever denisd or resiricted [m] @] 16. When was your first menstrual period?
participation in sports for arry hearl problema? When was your most recent menstrual period”?
6. Do you have sry curment sidn prablems (lor [s] [m] How much #me do you usually have irom the start of
wh'l)m‘l rashes. W, warts, hngus, one 10 the st of another?
o How many periods have you had in the last year?
7»&%:&"“"::@“" 8 E mu’;’unmmnm—\mmn
UNCoNecious, oF loe! your Moy ? Explain “Yes® answers here:
Have you ever had & seizwe? o] 0
Do you have frequent or ssvers headaches? [m] O
Have you ever had numbness or tingling in your a 0
arms, hands. lega, o lest?
Have you ever had a stinger, bumer, or [m] [w]
pinched nerve?
& Heve you ever become @ from exsecising In the heat? [ D
9. Do you cough, wheeze, or have troutie brasthing a [m]
during or after actvity?
Do you have asthma? [m] o

| harby siate 1hal, 16 the besi of mry inowisdge, Iy answars to the above questions ae complets snd correct.
Signahwe of sthiets Signature of Duts,

© Arcwrican Academy of Farely Physicians, Americen Academy of Pedatics. American Medicel Scouly for Sports Medicine, Americen Orthopssdic. Sociely for Sgorts bletcyw ard
Acwricen Osteopathie Academy of Gpors Mesicins.

Fig. 2-1. Preparticipation physical evaluation form with recommended baseline
history.
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recommended baseline medical history is shown in Fig. 2-1. Specific highlights con-
terning the medical history include evidence of exercise-induced syncope; family his-
tory of myocardial infarction or sudden death at age less than 50 years; current
medications, including over-the-counter products; and allergies to medications and
other outside irritants. Any significant past medical history of seizure disorders, sin-

Preparticipation Physical Evaluation continued

PHYSICAL EXAMINATIONJ

Name Date of birth

Helght __Weight % Body fat Pulse Ry R P T el S ES
Vislon R20/__ L2/ Comected: Y N Pupils: Equal

Apprenrance

Uyws W arn/Nose/ Throat

Flwant

Fulnus

Vg

Alsbiimien

Owritalia (males only)

i

o W )

MUBCULOBKELETAL

Homeh

Hard

bbb Farm

¥ rw Aarmaren

Wkt et

| g Wigh

LY

I iy el

Pt

Shair et wxnmination only

CLEARANCE I

L1 Ulenred

L1 Clwrmd afier h for:

eling

11 Wt chnareid for Due to:

Honsa ol (print/type) Date
A mas Phone
—— . MD or DO

Fig. 2-1. Continued.
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gle organs, previous head injuries with loss of consciousness (LOC) or previous con-
cussions, and significant musculoskeletal injuries should be included. A general
review of systems is warranted only to focus on specific positive findings. Tetanus
vaccination may be indicated and should be emphasized. Use of any other previous
medical appliances, such as mouth guards, hearing aids, and so on, is significant.
Finally, review of potential eating disorder behaviors or illicit drug use in all athletes,
as well as of menstrual history in female athletes, should be included.

Physical Examination

Adequate exposure of the athlete is imperative for the physical examination. Shorts
and light shirts and/or tank tops are recommended for both men and women. Please
see Fig. 2-1 for the PPPE to be completed by the physician.

Height and Weight

Height and weight should be measured with each examination and be recorded.
Follow-up from previous examinations is necessary to assess any concerns of eating
disorders, steroid use, or other potentially harmful practices.

Head, Ears, Eyes, Nose, and Throat

Visual acuity, measured with the standard Snellen Chart, should be established on
baseline evaluations and evaluated annually unless proof of completion by the school
system since the previous physical has been documented. Athletes who wear glasses
and/or contact lenses should be informed of the risks of participating in sports with
them, and proper protective eyewear should be recommended. Specific focus of the
eye examination is based on pupil size (anisocoria) and should be reported to coaches
and/or trainers if there is any asymmetry. The remainder of the examination of head,
ears, eyes, nose, and throat should focus on conditions that may be harmful to the
athlete, including oral ulcerations, leukoplakia, gingival atrophy, and decreased
enamel such as results from eating disorders and chewing tobacco use.

Cardiovascular System

Yearly blood pressure (BP) measurements with a cuff of appropriate size are recom-
mended. If an athlete’s BP is initially elevated recheck it after 10 to 15 minutes. If
further concerns arise, referring the athlete back to the primary care provider is rec-
ommended. Heart murmurs require further evaluation if a new-onset murmur is
detected. Particular attention should be paid to the presence and character of any
murmurs, the timing of the murmur in relation to S1 and S2, extra heart sounds, or
clicks. Any systolic murmur greater than 2/6 in severity, any diastolic murmur, or
any murmur that becomes louder when a Valsalva maneuver is executed should be
further evaluated before the athlete is cleared for participation. Concerns over
arrhythmias require a follow-up evaluation by the athlete’s primary provider. The
26th Bethesda Conference guidelines are an excellent resource for the primary care
physician on the eardiovascular evaluation and specific clearance guidelines.

Pulmonary

Any obvious signs of wheezing or abnormal breath sounds should be reviewed and may
require a more thorough examination. In general, a normal resting examination does
not exclude exercise-induced asthma and, if the physician is concerned an appropriate
history should be obtained to further rule out this and other pulmonary conditions.

Abdomen

The abdominal examination should be performed with the athlete supine. Palpation
of any hepato- or splenomegaly must exclude the athlete’s from participation in con-
tact sports. Any evidence of masses, tenderness, rigidity, or enlargement requires
further evaluation before the athlete receives clearance to return to play. Previous
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hintory of increased alcohol intake, hepatitis, or mononucleosis warrants a through
abdominal examination.

(Wnitalia

Mules: The genitourinary examination, although somewhat stressful to the athlete, is
imperative in ruling out athletes with one testicle, as well as in screening for any tes-
ticular cancers. Although testicular cancer is an uncommon cause of cancer deaths in
men, it does occur most commonly in males aged 18 to 35 years. Performing the exam-
inntion allows the physician an opportunity to counsel the athlete on performing self-
rxnminations at home. Athletes with undescended testicles or absence of a testicle
should be counseled with regard to protective gear. Potential Restrictions from con-
tnct sports are listed in the recommendations for participation in competitive sports
of the American Academy of Pediatrics (Table 2-2).

Fomales: Examination of the female genitalia is not a routine part of the general
I'I'PE. If warranted, based on the athletes’ medical history, such examination should
b performed later in a more private setting.

‘I'nnner staging for both males and females is recommended, although sometimes
difMicult to achieve in a locker room or station-based examination. A general screen-
ing in indicated to help set baseline levels for competition.

Shin

A gencral evaluation of the integument is recommended to assess for any rashes,
mmfections, and infestations. Specifically, herpetic lesions, scabies, and other trans-
minnible infections are necessary for evaluation so that treatment can be instituted
before the athlete participates in sports.

Munculoskeletal System

‘I'he musculoskeletal examination has received much scrutiny lately because of its
lnrk of depth on evaluation. Previously, a 13-point screening examination that offered
the care provider an opportunity to perform a baseline evaluation of musculoskeletal
wonkness and asymmetries was instituted by Lombardo, et al. Many researchers
hnve advocated joint-specific testing as a means for screening. Time constraints,
phynician comfort levels, and access to an adequate examination environment limit
thin method. In accordance with the two approaches described, I advocate a 13-point
munculoskeletal screening, with addition of some general rotator cuff tests, knee lig-
ament tosting and ankle stability testing.

I'irnt, the athlete stands facing the examiner, allowing the examiner to evaluate
syvimmetry of the trunk, the upper and lower extremities, and alignment of the lower
sxtromities. The athlete then actively moves their neck through a full range of motion
(Nenton-extension, right and left lateral bending and rotation). Next, the athlete
nhiluetn their shoulders 90 degrees then flex and extend their elbows through the full
range of motion looking for loss of motion. The athlete then, with the shoulders in 90
degraen of abduction and the elbows in 90 degrees of flexion, rotate their shoulders
inte tull nctive internal and external rotation assessing symmetry (throwing athletes
will uflen have non-pathologic increased external rotation of their throwing shoulder
wa compared with their non-throwing shoulder). The examiner then can assess shoul-
sler nhduction deltoid strength as the patient attempts to resist a downward force,
npplied by the examiner, to the athlete’s abducted arm. Additionally, rotator cuff
=tienglh cnn be assessed with the supraspinatus (empty-the-can) test (see appendix
Wy Trapozius strength is next tested by having the athlete stand with their arms at
thetr mides and the examiner push down on the athlete’s shoulder. The athlete then
ntiompin to shrug their shoulders. With the athlete’s arms at their sides and their
«lhiiwa flexed 90 degrees, the examiner can assess hand and finger range of motion.
I'hin in done by first by assessing the athlete’s ability to open and close their hands as
w Amt looking for symmetry. Next, with the patient’s fingers extended, the athlete is

(text continues on page 18)
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asked to move their fingers in an abduction/adduction maneuver (spreading the fin-
gers and bringing them next to each other again). The last upper extremity test is to
look for elbow pronation supination range of motion and symmetry. This is performed
while the athlete’s arms are still at their sides, elbows flexed 90 degrees and they are
asked to rotate the forearm so that the palms are first up, then down. The athlete
then stands on both heels facing the examiner, again looking for equal stance, bal-
ance and symmetry of the lower extremity. The athlete next attempts to touch their
toes while their knees are straight. The athlete then is asked to squat and perform a
“duck walk” looking for full squatting and symmetry.

The athlete is next asked to turn and faces away from the examiner. Symmetry of
the trunk, upper and lower extremities is then evaluated. Then, the athlete is asked
to touch their toes while standing with their knees straight assessing for scoliosis,
deformity or other asymmetry. Next, the patient hyperextends their back to allow a
search for evidence of pain or gross “step-off” deformities to rule out spondylolysis or
spondylolisthesis. The patient is then asked to stand on their toes. Evaluation is to
look for symmetry of the lower extremities and ability to stand on both feet equally.

With the patient supine, the knee is tested with the Lachman maneuver and pos-
terior sag and posterior drawer tests (see appendix 6).

With the patient seated, ankle stability testing with anterior drawer and talar tilt
can be performed (see appendix 6).

When a history of injury or surgery suggests, further detailed testing is performed.
Many of these specific examinations are shown in appendix 6.

Neurological

In general, most neurological function will be screened through the musculoskeletal
examination. Additional neurological examination occasionally may be warranted if
an athlete has recurrent stingers and burners or if any evidence of parethesias or
motor weakness is elicited. History of previous concussions demands a neurological
screening to assess the athlete for cognitive and motor/sensory changes.

Additional Screening Tests

At present, no specific laboratory screening tests are recommended for the PPPE.
Determinations of height, weight, BP, pulse, and visual acuity are recommended
yearly, with visual acuity being assessed again only as needed on the interim evalu-
ation. If state and other governing bodies have other specific requirements for
PPPEs, they should be followed.

Clearance

After completion of the PPPE, the physician must determine the ability of the ath-
lete to participate in sports. Whether restrictions or full participation is recom-
mended, documentation on the medical record to provide coaches, trainers, and
athletic directors with a baseline for the athlete’s participation is indicated. Almost
all athletes are cleared for full participation. Occasionally, a few athletes require
further evaluation of previous injuries before participation is allowed. On very rare
occasions, an athlete will not be cleared for sports and, in that setting, further eval-
uation by either the athlete’s primary care provider or other specialists may be war-
ranted. The American Academy of Pediatrics Committee in Sports Medicine from
1988 (Table 2-2) provides recommendations for participation in competitive sports.
A list of contact versus non-contact sports from the American Academy of Pediatrics
is shown in Table 2-3.

Others

Several other concerns affecting adolescent and young adult athletes are frequently
missed or bypassed during the PPPE. These issues (although personal and generally
requiring a more developed rapport) warrant further discussion based on the ath-
letes’ social and physical habits. Included are alcohol and drug use, recent acute ill-
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Table 2-3. Classification of sports by contact

Contact/collision Limited contact Noncontact
Basketball Baseball Archery
Boxing® Bicycling Badminton
Diving Cheerleading Body building
Field hockey Canoeing/kayaking Canoeing/kayaking
(white water) (flat water)
Football Fencing Crew/rowing
Flag
Tackle
lce hockey Field Curling
High jump
Pole vault
L.acrosse Floor hockey Dancing
Martial arts Gymnastics Field
Discus
Javelin
Shot put
Rodeo Handball Golf
Rugby Horseback riding Orienteering
Ski jumping Racquetball Power lifting
Soccer Skating Race walking
Ice
In-line
- Roller
Team handball Skiing Riflery
Cross-country
Downhill
Water
Water polo Softball Rope jumping
Wrestling Squash Running
Ultimate Frisbee Sailing
Volleyball Scuba diving
Windsurfing/ Strength training
surfing
Swimming
Table tennis
Tennis
Track
Weight lifting

* Participation not recommended by the American Academy of Pediatrics (AAP); the American
Academy of Family Practice (AAFP), American Medical Society for Sports Medicine (AMSSM),
American Osteopathic Academy of Sports Medicine (AOASM), and American Orthopedic Society

for Sports Medicine (AOSSM) have no stand against boxing.

Woprinted with permission [pending] from American Academy of Pediatrics Committee on Sports
Medicine and Fitneas: Medical conditions affecting sports participation. Pediatrics 1994;

114:767-60.
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nesses, exposure to blood-borne pathdgens, disordered eating, pregnancy in a female
athlete, and previous history of heat illnesses.

Medical and Legal Conslderations

A few important medical/legal issues associated with the PPPE have been described.
Physicians are often asked to provide athletes clearance for participation when prior
injury or illness may predispose the athlete to complications. If an athlete should
obtain clearance for participation from an outside source, regardless of the desig-
nated team physician’s recommendation, the school administration must then
assume responsibility for the decision whether or not to allow the athlete to compete.
In the event the athlete is allowed to participate, the designated team physician
should obtain an exculpatory waiver or risk release to protect their interests and
beliefs regarding the athlete’s participation.

With regard to potential sexual harassment claims, physician must use common
sense when evaluating an athlete. The physician should inform the athlete of the
thoroughness of the examination and provide an appropriate setting. A chaperone
may be necessary during breast and genital assessment in the PPPE. The physician
should be discreet in comment and action during the examination. Additional por-
tions of the examinations may require a chaperone depending on involvement of the
examination and comfort level of the athlete.

Finally, with regard to the Good Samaritan statute, it is imperative that physicians
know the state statutes regarding group participation and, whether they wish to be
protected according to this title. If their interest in the Good Samaritan statute is
to be protected, physicians should not accept any form of remuneration for their
services.

Conclusions .

The PPPE provides a basic framework for acreening a generally healthy group before
they participate in sports. A thoroughly completed medical history with significant
parental input appears to offer the examiner a reasonable baseline to conduct the
examination. Among adolescents, athletic participation must continue a pleasant to
be an enjoyable experience. As providers of health care, physicians must continue
to promote such expererience in a safe and risk-free environment.
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't LIMITING CONDITIONS FOR SPORTS PARTICIPATION

James L. Moeller and David A. Stone

i. Cardiovascular System

Athletes with an underlying cardiovascular abnormality may place themselves
at increased medical risk during competitive sports due to an increase in
workload on the heart or stress on the cardiovascular system. Risk of sudden
doath, life-threatening cardiovascular alterations, or disease progression may
all be increased. Recommendations for participation of an, athlete with a
cardiovascular disorder are based on the type of cardiac abnormality, severity of
disease, and the static or dynamic demands of the sport. The classification of
aports in Table 3-1 was developed by The 26th Bethesda Conference participants
baned on the dynamic and static demands of competitive sports.

A Hypertroph.ic Cardiomyopathy (HCM)

2.

3.

4.

. HCM is the leading cause of sudden cardiac death in athletes aged less
than 30 years.
a. The prevalence of HCM is approximately 0.1% to 0.2% in the general
population.
b. Sudden death due to HCM usually occurs in the absence of previous
symptoms.
History of exertional syncope, dizziness or chest pain with activity
should alert the physician or athletic trainer to the possibility of HCM.
Physical examination may disclose a systoli¢c murmur that increases
with Valsalva maneuver. Often, no murmur is present on physical
examination.

. If history and physical examination findings raise the suspicion of HCM,

diagnostic tests should be undertaken, including electrocardiogram

(ECG) 24-hour Holter monitor, and echocardiogram.

a. Echocardiogram will disclose a thickened ventricular septum (>15
mm) as compared with the ventricular free wall in most patients
with HCM. Left ventricular cavity size is generally unchanged but
left ventricular filling and compliance is impaired.

(1) Some patients affected with HCM will have a wall thickness less
than 15 mm.

(2) A subgroup of highly trained male athletes without cardiovascu-
lar disease may show wall thickness of 12 to 16 mm (physiologic
“athlete’s heart”).

(3) Screening echocardiography is not recommended as part of the
preparticipation physical examination (PPPE).

. A familial form of HCM has been identified and has been attributed to

genetic defects involving contractile proteins and mutations of the beta-
myosin heavy-chain gene. DNA diagnosis by genetic testing may be pos-
sible.
a. Screening echocardiography in patients with a family history of
HCM may be warranted.
Recommendations for athletic participation
n. Symptomatic athletes should not be allowed to participate in com-
petitive sports.
b. Asymptomatic athletes should be allowed to participate only in low-
intensity (class IA) sports.

K. lypertension (HTN)
Blood pressure (BP) readings which indicate HTN differ for different age
groups (Table 3-2). HTN is diagnosed by three elevated BP readings
oblnined on separate occasions.

Potients with mild to moderate HTN without end organ damage or con-
comitant heart disease should not be restricted from competitive sports.

21
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Table 3-1. Classification of sports (based on dynamic

and static components during competition)

A. Low Dynamic B. Moderate Dynamic  C. High Dynamic
1. Low static Billiards Baseball Badminton
Bowling Softball Cross-country
skiing
Cricket Table tennis Field Hockey®
Curling Tennis (doubles) Orienteering
Golf Volleyball Race walking
Riflery Racquetball
Running
(long distance)
Soccer”
Squash
Tennis (singles)
II. Moderate .
static Archery Fencing Basketball®
Auto Racing®® Field events (jumping)  Ice hockey”
Diving*® Figure skating® Cross-country
skiing
Equestrian®? Football (American)® (skating technique)
Motorcycling®®  Rodeoing®? Football
(Australian)®
Rugby*® Lacrosse®
Running (sprint) Running
(middle distance)
Surfing®® Swimming
Synchronized Team handball
swimming?
IIl. High static Bobsledding®® Body building®? Boxing®
Field events Downbhill skiing®® Canoeing/kayaking
(throwing) :
Gymnastics™? Wrestling® Cycling>*
Karate/judo® Decathlon
Luge®® Rowing
Sailing Speed skating
Rock climbing®?
Waterskiing®®
Weight lifting™®
Windsurfing®®
2 Danger of bodily collision.

5Increased rigk if

syncope occurs.

a. Moderate dynamic/static exercise should be encouraged to help

decrease BP.

2. Patients with severe and very severe HTN should be restricted from
high static sports until HTN is controlled.

a. Control may entail the use of medications and lifestyle modification.

C. Infective Carditis
Infective carditis (myocarditis) is usually caused by Coxsackie B virus, but
may be difficult to detect clinically.

1. History will usually include a respiratory illness complicated by other
symptoms such as fatigue, dyspnea, syncope, palpitations, arrhythmias,

or acute congestive heart failure (CHF).
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Table 3-2. Classification of hypertension by age in children and adolescents

MAGNITUDE OF HYPERTENSION®

Mild Moderate Severe Very severe
(stage 1) (stage 2) (stage 3) (stage 4)
Age group (mm Hg) (mm Hg) (mm Hg) (mm Hg)
U hildren
nlyr
Nyatolic BP 120-124 125-129 130-139 2140
IMantolic BP 76-79 80-84 86-89 290
i 12yr
Myatolic BP 126-129 130-134 136-144 2145
Dinstolic BP 80-84 - 85-89 90-94 295
Adulenconts R
1 Ihyr i
Hystolic BP 136-139 140-149 150~159 2160
Dinatolic BP 85-89 90-94 95-99 2100
10 IMyr
Hystolic BP 140-149 150-1569 160-179 2180
I nnatolic BP 90-94 95-99 100-109 2110
Aduita
LR,
Hyatolie BP 140-169 160-179 180-209 2210
Dinntolic BP 90-99 100-109 110-119 2120

M Lhunl prosaure.

Ajppliue 1o patients who are not receiving antihypertensive drugs and who are not acutely ill.
Wien the syatolic and diastolic BP measurements fall into different categories, the higher
rategury should be selected to classify that patient’s BP status. In adults, isolated aystolic
by prttonaion is defined as a systolic BP 2140 mm Hg and a diastolic BP <80 mm Hg and staged
apgupriniely. Blood pressure values are based on the average of three or more readings taken at
»= b ol twa or more visits after the initial screening. Classifications taken from the 26th Bethesda
1 untessine on Recommendations for Determining Eligibility for Competition in Athletes with
v avshurancular Abnormalities.

2. Physical examination may disclose a new or increasing murmur, an
enlarged heart, or signs of heart failure.

'} Diagnostic tests include ECG, chest radiograph, and echocardiogram to

detect arrhythmias, signs of heart failure, and cardiac enlargement,

ventricular size, and cardiac function.

Endomyocardial biopsy may be helpful in confirming the diagnosis.

h Decause infective carditis may cause dangerous arrhythmias, patients
with the disease should be withdrawn from sports for 6 months from the
onmet of symptoms. Patients may return to competition when ventricu-
lar function is normal, cardiac dimensions are normal, and no clinically
relevant arrhythmias are present on Holter monitoring.

i Mitral Valve Prolapse (MVP)
MVI’ iu a relatively common condition with a prevalence of approximately
A8 in the general population. Many athletes with this condition participate
In romputitive sports at a very high level.

| MVP is characterized by systolic protrusion of the mitral valve leaflets
mto the left atrium, as demonstrated by echocardiography or angiogra-
phy

4 History may be negative or may include palpitations, dizziness, or exer-
tienal ayncope.

'+ I'hysical examination may disclose the hallmark auscultatory finding of
o midnystolic click with or without a late systolic murmur.

-
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a. This murmur differs from the murmur of HCM in that Valsalva
maneuver should not increase the intensity of the murmur, but may
increase its length.

4. If history and physical examination findings raise the suspicion of MVP,
further diagnostic tests including ECG and echocardiography may be
warranted. These tests are not considered necessary if the patient is
asymptomatic and the heart murmur found on physical examination is
clinically “innocent.”

5. Recommendations for athletic participation

a. All patients with MVP should be allowed to participate competitive
sports in 80 long as the following conditions do not exist.

(1) History of syncope documerited to be arrhythmogenic

(2) Family history of sudden death associated with MVP .

(3) Repetitive forms of sustained venticular tachycardia (SVT) or
complex ventricular arrhythmias

(4) Moderate to marked mitral regurgitation

(5) Occurrence of a prior embolic event

b. If any of the above criteria are met, the patient may participate in
low-intensity competitive sports only. ’

E. Congenital Coronary Artery Anomalies
Congenital coronary artery abnormality are an important cause of SCD in
young athletes. Most commonly, the left main coronary artery originates
from the anterior right sinus of Valsalva and courses between the pul-
monary trunk and the anterior of the aorta. However, other anomalies have
been described, including anomalous right coronary arteries and origin of
the left coronary artery from the pulmonary trunk. If detected and associ-
ated with exercise-induced ischemia, this condition represents an absolute
contraindication to participation, in sports.

F. Idiopathic Concentric Left Ventricular Hypertrophy has been
described as a cause of SCD. In comparison with conditions in HCM, there is
symmetrical left ventricular hypertrophy and left ventricular thickness.
Echocardiography is the diagnostic procedure of choice. As with HCM, only
low levels of athletic activity are permitted.

G. Marfan’s Syndrome
Marfan’s syndrome is an autosomal dominant disorder of the gene for the
structural protein fibrillin, It affects a number of different organs, including
the eyes (dislocated lens), joints (hypermobility and scoliosis), and the heart
and cardiovascular system (cystic medial necrosis of the aorta, MVP, and
mitral or aortic regurgitation). About 25% to 35% of cases occur sporadically,
and the overall incidence is 1 in 20,000. A significant acreening finding is
dolichostenomelia (inappropriately long limbs relative to the trunk).
Athletes should not participate in contact or collision sports, but can partic-
ipate in low static and dynamic competitive sports if they do not have aortic
route dilation, mitroregurgitation, or a family history of premature sudden
death. Aortic root dimensions should be assessed at 6-month intervals.

H. Coronary Artery Disease
Coronary artery disease (CAD) is the most frequent cause of SCD in adults
but has not been shown in all studies to be a consistent cause of death in
young athletes. Patients should be screened for risk factors (hypertension,
elevated chlolesterol level, diabetes mellitus, smoking, family history), and
risk factors should be managed aggressively. See Chapter 26 and Bethesda
Conference 26 guidelines for specific recommendations for persons with
coronary artery disease.

I. Aortic Valve Stenosis
Aortic Valve Stenosis is not a common cause of SCD in athletes but is a com-
mon cause of sudden death. The rarity of aortic stenosis among athletic
death victims i« believed to due to repeated PPPE which allow the diagnosis
to be made before progression of the condition. Athletes with aortic stenosis
should undergo Doppler echocardiography, ECG, and exercise testing for



3. Limiting Conditions for Sports Participation 25

arrhythmias. Athletes with mild stenosis can participate in all competitive
sports. See Chapter 26 and Bethesda Conference 26 guidelines for specific
recommendations for persons with aortic valve stenosis.

J. Wolff-Parkinson-White (WPW) Syndrome
The WPW syndrome generally carries a low risk-for sudden death. The risk
can be increased with use of calcium channel blockers or digoxin or in
patients who exhibit atrial fibrillation with a rapid ventricular response.
Ablation is recommended by some authorities before participation in
sports but optional management remains debatable. Athletes with-
out structured heart disease, a history of palpitations, or tachycardia (par-
ticularly those age > 20 years) may be appropriate for clearance for full
competition.

K. Congenital Long QT Interval Syndrome
Patients with congenital long QT interval syndrome are at risk of sudden
death and should be restricted from participation in all sports. Two inherited
forms exist; the more common form is autosomal dominant. An autosomal-
recessive form is associated with deafness. The diagnosis has been based on
a corrected QT interval (QT,) of 440-450ms, although the QT interval is vari-
able and at times even normal.

Il. Neurological System

A. Beisure disorder. Participation in all sports is allowed for athletes whose
seizures are well controlled with medication.

1. Special consideration should be made for certain sports including swim-
ming, weight lifting, archery and riflery. -

2. Patients with poorly controlled disease should be precluded from con-
tact/collision sports (Table 3-3) and limited contact/impact sports.

a. Swimming, weight lifting, archery and riflery should not be allowed.

B. Concussion. There are many different classification systems for concussion
and gray areas exist in each classification system. Gray areas also exist with
regard to return-to-play criteria.

1. An athlete who sustains a closed head injury should be diequalified from
the current activity if the sensorium does not clear quickly or if other
symptoms and signs are present, such as loss of consciousness (LOC)
posttraumatic amnesia, confusion, dizziness, or headache.

2. Depending on severity of symptoms, a computed tomography (CT) scan
may be required to seek intracranial bleeding.

3. An athlete who continues to have symptoms from a prior concussion
should not be allowed to participate in contact sports until those symp-
toms clear. The time during which the patient must be asymptomatic
before returning to play is a controversial issue.

a. Athletes who exhibit symptoms are excluded from competition to
avoid second-impact syndrome, which occurs when a second head
injury is sustained before the symptoms of the first head injury have
cleared.

(1) Rapid cerebral swelling leads to rapid neurologic deterioration
and death.

(2) The second impact may be minor and may not even be direct to
the head (e.g., Valsalva maneuver, strong blow to the chest, and
80 on).

. Burner syndrome, also known as the “stinger,” is generally the result of
traction on the brachial plexus; caused by depression of the shoulder when a
plnyer makes contact with another player or the ground. An alternative
mechanism is a compression injury to the fixed brachial plexus between the
shoulder pad and the superior medial scapula at Erb’s point. Most of these
injuries are mild, and players are able to return to play within 3 weeks ; how-
ever, allowing an athlete to return to play before achieving complete re-
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Table 3-3. Classification of sports

CONTACT NONCONTACT
Limited
Contact/ contact/ Moderately
collision impact Strenuous strenuous Nonstrenuous
Boxing Baseball Aerobic Badminton Archery
Field hockey Basketball dancing Curling Golf
Football Bicycling Crew Table tennis  Riflery
Ice Hockey Diving Fencing
Lacrosse Field Discus
Martial arts  High Jump Javelin
Rodeo Pole Vault Shot put
S Gymnastics Running
W :l Horseback Swimming
restling riding Tennis
SkIt:;ing Track
Roller Weight lifting
Skiing
Cross-country
Downhill
Water
Softball
Squash, handball
Volleyball

covery is contraindicated. Use of an orthosis to protect Erb’s point may be
of value.

lll. Respiratory
A. Exercise-induced bronchospasm (EIB) is a reversible transient increase

in airway responsiveness involving large and small airways after 5 to 8 min-
utes of strenuous éxercise. It generally presents as wheezing, cough, or exces-
sive dyspnea, but can present as poor exercise performance or chest tightness
and chest pain. The intensity of the exercise required to elicit symptoms is
generally in the range of 75% to 85% of Voams:. For the diagnosis to be made,
a decrease in forced expiratory volume (FEV1) of 10% from pre-exercise level
must be demonstrated. Sixty percent to 90% of asthmatic children and 40%
of atopic children will demonstrate EIB symptoms. EIB is generally consid-
ered a relative contraindication to aports participation. Symptoms are gener-
ally worse during running than during cycling or swimming, and cold dry air
is generally worse than warm moist air, although any sport played in an
environment with poor air circulation may exacerbate symptoms. Sports
such as baseball requiring short, intense exercise periods, may be best toler-
ated. Treatment before play in less than ideal circumstances may need to be
modified. Athletes with upper respiratory infections, exacerbations of aller-
gies, and poor conditioning may at times need to be removed from competi-
tion

Kuervise-induced anaphylaxis is a life-threatening emergency character-
imed hy mymptoms of upper respiratory obstruction, urticaria, cutaneous ery-
theman, and vancular collapse. The exact mechanism is unknown, but is
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believed to involve exposure to allergens before or at the start of exercise.
Various foods, alcoholic beverages, medications, and inhaled allergens have
been implicated. Attacks are unpredictable and the condition is thought of as
a continuum with EIB by some authors. Patients may be allowed to exercise
but should use the buddy system and take special precautions not to expose
themselves to known triggering agents before exercising.

IV. Dermatology
A. Herpes simplex

1. Patients with active skin lesions should be precluded from participating
in sports in which intimate skin-to-skin contact may be made. These
patients should also be disqualified from activities in which a mat is
used, such as wrestling, gymnastics, karate, or judo.

2. Athletes may return to play when lesions are healed or a physician con-
firms that they are no longer contagious.

B. Impetigo

1. Patients with active skin lesions should be precluded from participation
in sports in which intimate skin-to skin contact may be made. Like
patients with herpes simplex, such patients should also be disqualified
from activities in which a mat is used.

2. Athletes may resume participation when lesions are healed or when the
lesions are no longer considered contagious.

C. Tinea corpora

1. Athletes with tinea corpora should be disqualified from sports involving
intimate contact with mats or skin-to-skin when active lesions are pre-
sent.

2. Athlete may resume participation when the lesions are healed or are no
longer considered contagious.

D. Scabies

1. The recommendations for patients with active scabies are the same as
those for herpes simplex, impetigo, and tinea corpora. Return to play
should be withheld until treatment has been completed and the athlete
is no longer considered contagious.

E. Molluscum contagiosum is a viral infection caused by a pox virus. It pre-
sents as a pearly white or flesh-colored papule which may be single or in
clusters and is filled with keratogenous debris and virions. Common loca-
tions include the trunk, axilla, face, perineum, and thighs. The diagnosis is
usually made clinically, and spontaneous remission is often noted. However,
the lesion is considered infectious, and close-contact sports such as wrestling
are contraindicated until healing occurs. The period of transmissibility of the
lesion is unknown. For this reason, athletes are often treated with curettage
which allows faster return to sports.

F. Furunculosis is a staphylococcal bacterial infection which presents as ten-
der, red inflammatory nodules that may evolve into fluctuant abscesses.
Diagnosis is made clinically and is confirmed by culturing the lesions. These
athletes are often ill, presenting with low-grade fever. Athletes with furun-
culosis are disqualified from contact sports and swimming. Treatment con-
sists of warm compresses, and benzoyl peroxide 5% to 10% solution two to
three times daily, in addition to systemic antibiotics, usually dicloxacillin or
cephalexin for 10 to 14 days. Incision and drainage is occasionally necessary,
especially when lesions are not treated early. As with impetigo, clearance for
return to play is given at 24 to 48 hours with appropriate treatinent.

G. Pseudofolliculitis is an inflammatory papule caused by a foreign body
reaction to ingrown hairs. Acute lesions often appear pustular and suggest
an infection. The condition is common in African-American males and men
with coarse curly beards. The condition is not a contraindication to partici-
pation, although secondary infection may occur, requiring Gram stain and
culture to distinguish it from foreign body reaction.
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H. Contact dermatitis secondary to irritants such as poison ivy, oak, or
sumac may be a contraindication to play depending on the location and
degree of skin involvement.

V. Viral Diseases

Viral illness is common in all age groups; the average adult is affected between

1 and 6 times per year and the average child 10 to 12 times a year. The effect of

a single agent may vary considerably from person to person. While upper

respiratory infection has been associated with sudden death there is no

consistent association, and viral infection remains a relative contraindication to
participation.

Bloodborne pathogens, in particular human immunodeficiency virus (HIV)
and hepatitis B and C, pose complex problems for the sports medicine
practitioner. The increase in medical information for both HIV and hepatitis C
infection in particular may change guidelines dramatically in the future.
Present guidelines to limit play are therefore based on information available. In
general, contact sports pose the greatest risk for the transmission of these
agents, but very little evidence of spread of any of these conditions in athletic
participation has been documented.

A. HIV transmission through sports contact is alleged in only one case report.
Because of the prevalence of HIV infection and the lack of its documented
transmission through sports participation, it is believed that ‘transmission
on the playing field is unlikely, but not impossible. HIV infection ie not con-
sidered an absolute contraindication to sports participation, but decisions
regarding continued participation should be based on the athlete’s medical
status, the required intensity of training, potential stress, risk of transmis-
sion (see Chapter 24), and nature of the sport.

B. Hepatitis B virus transmission has been documented in sumo wrestlers but
in no other sports to date. Infection is not an absolute contraindication to
participation. Clinical atatus, in particular hepatosplenomegaly, is a consid-
eration in limiting participation, however, acute infection should be con-
sidered similar to any other viral infection. '

C. Hepatitis C virus infection is viewed as is hepatitis B and is not a con-
traindication to participation in sports.

D. Epstein-Barr virus (EBV) infection remains a conflicting problem for sports
participation. Initial guidelines on return to play were not based on resolu-
tion of splenic abnormalities and reflected a belief that splenic rupture could
occur after clinical and serologic resolution of the infection. These guidelines
emphasized a conservative approach to return to play, limiting participation
for a minimum of 2 to 3 months and, if possible, to 6 months. Subsequent
information has demonstrated an enlarged spleen by ultrasound in 100% of
patients scanned, but with complete resolution by 28 days. No outcome data
are available on athlete return to play at early time periods, but the guide-
lines in Section VI and in Chapter 24 are recommended.

VI. Abdomen
A. Splenomegaly. Under normal circumstances, the spleen is protected by the
rib cage. Enlargement of the spleen increases its risk for injury because por-
tions of the spleen may no longer be protected by the rib cage.
1. Athletes with splenomegaly should be precluded from contact/collision,
limited contact/impact, and strenuous noncontact sports.
2. The athlete may return to sports when the spleen has returned to nor-
mal size or is at least non palpable on physical examination.

a. Return-to-play decisions should be individualized according not only
to the size of the spleen but to the type of activity in which the ath-
lete participates (e.g., return to a strenuous noncontact sport may be
advisable whereas return to a contact/collision sport may not).
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b. The usefulness pf serial measurements of the spleen by ultrasound is
controversial as the spleen may be significantly enlarged but com-
pletely protected by the rib cage.

3. Infectious mononucleosis is a very common cause of splenomega.ly in
adolescents and young adults.

a. Splenic rupture, though rare, is the most common cause of death in
infectious mononucleosis and most commonly occurs in the initial
3 weeks of the illness. .

b. It is recommended that patients with infectious mononucleosis be
disqualified from strenuous noncontact as well as all contact sports
for the first 3 weeks of illness.

¢. Return-to-play criteria depends on physical examination findings
and type of activity in which the athlete participates.

(1) After 3 weeks, if the patient is feeling up to activity and the
spleen in nonpalpable, a return to strenuous noncontact sports is
permitted.

(2) Diaqualification for contact sports should be continued for an
additional week (one full month) after the onset of the illness.
When the athlete fesumes contact sports, the spleen should be
non palpable.

B. Hepatomegaly. The liver is normally protected by the rib cage. The liver is
at increased risk of injury when it is enlarged due to loss of bony protection.

1. Athletes with an enlarged liver should be disqualified from contact/colli-
gion and limited contact/impact sports.
2. Return to play may be allowed when the liver returns to normal size.

C. Active hepatitis. Active hepatitis may cause hepatomegaly which would
put the patient at increased risk for liver injury, as described in the hepa-
tomegaly section above. Patients with active hepatitis also pose a risk to
teammates and competitors because the different forms of hepatitis are
transmissible through blood products as well as through the fecal/oral route.
Therefore, patlents with active hepatitis should be precluded from competi-
tive sports in.-which the risk of. t.ransmlsmon is high.

D. Inguinal hernia -

1. Athletes with small mg'umal hermas may partlc:pate in all levels of ath-
letics.

2. Surgical repair should be considered for patients with large or sympto-
matic inguinal hernias because the risk of incarceration and strangula-
tion is increased.

Musculoskeletal System

The following are general return-to-play recommendations for athletes who

have sustained an acute musculoskeletal injury. Specific injuries, their

diagnosis, treatment, and return-to-play recommendations are discussed

afterwards and elsewhere in this book.

A. Range of motion. The athlete should attain normal, pain-free range of
motion (ROM) before return to play is considered.

1. Range of motion exercises are incorporated early into the rehabilitative
process. ROM may be facilitated by performance of exercises in an ice
slush and later facilitated by use of local heat.

B. Muscular strength. Strength of the injured side should be within 90% of that
of the uninjured side.

1. This is usually assessed during physical examination; however, certain
instruments are available for assessing muscular strength and may be
utilized in certain situations (e.g., Cybex testing in a patient with a knee
injury).

2. Antagonist muscle group should be adequately strong to prevent further
injury (e.g., patients with underdeveloped hamstring musculature as
opposed to quadriceps musculature may be at increased risk for anterior
cruciate ligament injuries).
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C. Pain-free activity at functional levels. Sports-specific activities should be
included in the rehabilitation program. Athletes who are unable to complete
sport-specific activities successfully in a pain-free manner should be pre-
cluded from return to their sport until they can do so.

D. Fractures. In general, an athlete with a fracture should not be allowed to par-
ticipate in competitive athletics, especially if the fracture is unstable or dis-
placed. In many situations, an athlete may participate with an acute fracture.

1. Patients with nondisplaced acaphoid fractures may compete in a short
arm thumb spica cast (if the sport allows players to compete in casts).

2. Patients with stable metacarpal or phalangeal fractures may also par-
ticipate with the appropriate cast if the sport allows casts to be worn
during competition.

E. Spine injuries represent the most significant of all musculoskeletal limiting
conditions.

1. Spinal cord injury documented by magnetic resonance imaging (MRI]) is
generally accepted as an absolute contraindication to further participa-
tion. Injuries with symptoms referable to the spinal cord but without
documented MRI lesions such as spinal cord neurapraxia may be con-
sidered a relative contraindication.

2. Spinal column instability as defined by the criteria of White et al. is an
absolute contraindication to return to sports. These criteria include
(1) more than 3.5 mm horizontal displacement of adjacent vertebrae evi-
dent on lateral or flexion-extension views, (2) more than 11 degrees of
rotation difference to either adjacent vertebrae evident on lateral view
or flexion-extension view of the cervical spine.

3. Acute spine fractures of either the body of the vertebrae or the posterior
elements are an absolute contraindication to participation. In general,
however, when these fractures heal, return to play is acceptable.
Notable exceptions include (1) vertebral body fracture with a sagittal
component; (2) comminuted fractures of the vertebral body with dis-
placement into the spinal canal; (3) healed fractures associated with
pain, neurologic findings, or limitations in ROM; (4) healed displaced
fractures involving the lateral masses with resulting facet incongruity;
and (5) fracture of the vertebral body with or without displacement, with
associated posterior arch fractures and/or ligamentous laxity.

F. Congenital anomalies of the cervical spine in some cases also represent an
absolute contraindication to participation in contact aports.

1. Os odontoideum, odontoid hypoplasia, and odontoid agenesis are
absolute contraindications to contact sports.

2. Congenital fusion of one or two segments of the upper cervical spine
(Kipple-Feil anomaly) and atlantooccipital fusion are also absolute con-
traindications to participation in contact sports (21). ’

3. Mass fusion or fusion of one or two segments of cervical spine with limi-
tation of motion, instability, disc disease, or degenerative changes also
represent a contraindication to return to contact sports.

4. Congenital stenosis of the cervical spinal canal is a relative contraindi-
cation to participation in contact sports. However, congenital spinal
stenosis associated with intervertebral disc disease, ligamentous insta-
bility, neurologic symptoms lasting more than 36 hours, degenerative
changes, or MRI evidence of cord defects or swelling are absolute con-
traindications to participation.

5. Chiari I malformation has also been associated with spinal cord injury
in one case report and may also be considered a contraindication to con-
tact sporta.

G. Acute cervical disc herniations are a contraindication to participation.
Disc—osteophyte complexes associated with cord neurapraxia are also a con-
traindication to participation. Disc herniations associated with limitations
in ROM are also a contraindication. However a conservatively treated disc
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herniation with no neurologic deficits and normal ROM is not a contraindi-
cation to play.

H. Cervical apine fusion is not a contraindication to contact sports if the patient
is asymptomatic and neurologically intact with normal ROM. Two- or three-
level fusion is a relative contraindication to participation. Fusion of more
than two levels ie an absolute contraindication to return to sports.

1. Joint instability represents a relative contraindication to sports participa-
tion. In certain cases, unstable joints can be braced to reduce symptoms and
allow participation. These cases are often determined by the level of play of
the athlete, his or her size, and the sports in which they are participating.
Rugby, for example, has strict criteria about bracing, and standard derota-
tional braces are illegal. In some cases, the athlete will not feel comfortable
or stable enough in a brace to play or the brace may simply not control joint
laxity.

Single-Organ Athletes
There has been a great deal of controversy surrounding disqualification criteria
for single-organ athletes. In the past, the loss of a paired organ resulted in
disqualification from contact sports and many healthcare professionals still
believe that this is a wise course of action. Due to advances in protective
equipment, single-organ athletes may now safely participate in many athletic
endeavors.

A. The singled eye athlete

1. American Medical Association (AMA) guidelines suggest that single-eye
athletes should not participate in contact sports.

a. Many experts now believe that, with proper eye protection, most ath-
letes with only on eye should be allowed to participate in aports.
1. Regular streetwear glasses are not adequate protection. Pro-
tective eyewear should be made of coated polycarbonate plastic.
2. Protective eyewear should meet either Canadian Standards Asso-
ciation or American Society for Testing and Materials guidelinies.
b. It is important that the single-eye athlete wear eye protection not
only during competitive sports but also during recreational activi-
ties.
c. The proper use of face masks and shielde will also help decrease the
likelihood of injury to the athlete’s remaining eye.

2. One-eyed athletes should not participate in some sports. Among these
are boxing and wrestling since protective eye devices are not available
for these sports and the risk of eye injury is high.

B. The single-kidney athlete

1. Even though there is very little risk of losing a kidney due to contact
sports, guidelines preclude collision sports for athletes with a normal
solitary kidney.

2. Protective equipment such as flak jackets may make limited contact/
impact sports very safe.

3. Patients whose solitary kidney is abnormal (including pelvic kidney,
iliac kidney, multicystic kidney or kidney with an anatomic variance)
should be precluded from contact sports.

C. The single-testicle athlete. With use of a protective cup, athletes with a
single testicle may participate in all types of sports. Specifically, a cup is
required for all contact and collision as well as most limited contact/impact
sports. The current widespread use of protective cups makes this issue less
controversial than it was in the past, but many athletes are precluded from
participation in certain sports due to lack of one testicle.

. Miscellaneous Conditions

A. Diabetes is not a contraindication to sports participation unless control is
poor and the risk of ketosis and dehydration is significant. Athletes with pro-
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liferative retinopathy may be at increased risk of developing retinal and vit-
reous hemorrhage during exercise. Retinal detachment may also occur.
Athletes with diabetes with peripheral neuropathy may be at more risk for
foot and ankle injuries, and high-impact exercise and sports may be rela-
tively contraindicated for them. Strategies to prevent hypoglycemla in such
athletes during intense exercise should first be devised to minimize risks of
symptomatic hypoglycemia during training.

B. Sickle cell trait is not considered a contraindication to sports participation
but has been associated with exertional rhabdomyolysis. (See Chapter 28)

X. Conclusion
Medical conditions requiring participation restrictions should be reviewed with
the athlete, coaches, parents, and other significant persons. In some cases, the
athlete may be redirected to different sports or to treatment options that will
allow return to play. The physician should actively assist the athlete in making
a decision if treatment options exist and should explain restrictions in terms
that all participants in the process of disqualification can understand.
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4. EVALUATING THE INJURED ATHLETE

Robert J. Johnson

I. Assessment of the Athlete
A. Assessing the injured athlete on the field, on the sideline, or in the training
room is a truly unique medical experience. Physicians must rely only on
their history-taking and physical examination skills. Laboratory tests and
radiographs are not readily available. In addition, many decisions must be
made under the pressure of allowing an athlete to return to practice or com-
petition. These decisions may have a direct effect on the success of the ath-
lete and team. A dicturn by which the sideline and team physician must
operate is: “When in doubt, the athlete is out.”
B. Ethical responsibilities on the field and sideline.
1. To the athlete
a. Allow the athlete to participate safely.
b. Protect the athlete from injury, reinjury, permanent disability, and
inadvertent self-inflicted injury.
c. Provide optimal health care.
d. Preserve confidentiality rega.rdmg dissemination of the athlete’s
injury or health information.
2. To the team
a. Facilitate team success.
3. To the coach
a. Facilitate team success.
b. Educate the coach in matters of importance to the health and well-
being of athletes during practice and competition.
c. Protect from future liability regarding medical issues.
4. To the instifution
a. Facilitate success.
C. Be certain that the physician’s and trainer's roles are well-defined.
1. Establish protocols and standmg orders to be followed in the physician’s
absence.
2. These protocols and orders must apply to specific situations:
a. Emergency care [cardiopulmonary resuscitation (CPR) C-gpine sta-
bilization, fractures, dislocations).
X Commumcatlon
. Emergency transport.
. Methods used on the field and in the training room.
. Dispensing medications.

oA T

. On the Fleld
A. Physician responsibilities
1. Ensure availability of general medical equipment and supplies
2. Ensure availability of emergency equipment and transport.
3. Ensure appropriate hospital referral based on specific resources
required for the injury or illness.
4. Ensure proper consultations for the athletes.
5. Develop proper communications network to
a. Athlete.
b. Coach.
c. Parents.
6. Provide appropriate supervision of athletic trainers.
a. Procedures and protocols
h. Triage
c. Education

33
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B. The physician must be able to perform a triage function to make one of three
decisions.

1.
2.
3.

Transfer the athlete to an emergency department for further evaluation
and treatment.

Remove the athlete from the field, with no return to play, and with
appropriate and timely follow-up.

Remove the athlete from the field; follow this with observation of the
athlete for possible return to play in the same game or practice.

. In determining if an athlete can return to practice or competition, the physi-

cian must keep two questions in mind.

1.

2.

If the athlete returne to play, will the athlete risk furthering the
injury?
If the athlete returns to play, is the athlete at increased risk of a second

injury at another site?

D. If the physician is working with an athletic trainer, the trainer will make the
firat assessment on the field. He or she may ask for physician evaluation.
E. If no certified athletic trainer is present, the sideline physician must assume
thie role and ite responsibilities. Use proper bloodborne pathogen precau-
tions. .

T

1.
2.
3.

O O o

7

Be a good observer, watching for injury situations and mechanisms of
injuries.
When an athlete is “down,” enter the field of play after the official halts
play and the game officials permit your entry.
If the situation is emergent, be prepared to use advanced trauma life
support (ATLS) techniques.
a. Airway and C-spine. May have to remove a facemask. May have to
use a “log-roll” to gain airway access.
b. Breathing/ventilation. If stridor with respiration or hoarseness with
speech is present, consider laryngeal fracture.
¢. Circulation. Check the carotid pulse for quality, rate, regularity of
pulse.
d. Disability. Conduct a brief survey, which may include a neurologic
examination.
e. Exposure. Inspect the extremities for possible fractures/deformities.

. For nonemergent situations, calm and reassure the athlete.
. Obtain a brief history about the site and characteristics of the injury.
. Perform a brief examination.

a. Inspect for deformity or swelling.
b. Palpate for localizing pain or crepitus.
c. Ask the athlete to perform active ROM and observe the extent of
motion or degree of pain associated with attempted motion.
d. For dislocations and suspected fractures, check CMS (color, motion,
gensation).
Determine how to remove the athlete from the field, e.g., with or without
assistance, weightbearing.

. For unconscious or minimally responsive athletes, assume C-spine injury

along with closed head injury. Stabilize the cervical spine and transport the
athlete to an emergency department for further evaluation and treatment.
(See Chapter 5B.)

. The athlete with brief loss of consciousness or confusion. (See Chapter 5B.)
. Medicolegal expectations of the physician on the sideline.
1.

The team physician is expected to carry a medical bag with appropriate
equipment and to ensure the availability of proper equipment on the
sideline (see Chapter 5A and Appendix 4).

. The team physician has a duty to provide emergency resuscitative

equipment.

. The team physician has a duty to provide advanced cardiac life support

(ACLS) or have someone immediately available who can provide this
service.
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. On the Sideline .
The key to the sideline assessment of an athlete is to establish a definite
diagnosis or, at least, a critical nondiagnosis.

A. Take a more thorough history, including more detailed information about
the mechanism of injury, site of injury, and pain characteristics.

B. Conduct a more thorough focused examination at the site of injury. Remove
any protective equipment to simplify visualization and examination of the
injured site.

1. Inspect the injured site.

2. Palpate the injured site and adjacent areas.

3. Have athlete perform active, passive, and resisted ROM for comparison
of findings for better determination of soft tissue injury as distinct from
osseous injury and of stability of injured site.

4. Perform special tests to establish tentative diagnosis. This may also
include appropriate neurologic testing.

(. Determine athlete’s status.

1. If you determine that the athlete’s injury requires further and immedi-
ate investigation, make the appropriate referral.

2. If you determine that the athlete cannot return to play but does not need
urgent evaluation, ice injuries as appropriate and appropriately protect
or immobilize the athlete

3. If return to play is uncertain, rest and ice the injury as appropriate
briefly (10 to 15 minutes), then reevaluate. If symptoms appear improved
on reassessment, consider the possibility of the athlete’s return to play.
The examination should show nearly symmetric ROM and nearly sym-
metric strength in comparison of injured and uninjured extremities.

4. If return to play is likely, perform functional testing. Observe for sym-
metry of function, comparing injured with uninjured sides.

D. Functional tests to perform on the sideline

1. Upper extremity

a. Nearly complete ROM

b. Nearly symmetric strength

c. Ability to perform upper-extremity skills specific to the spoﬂ (throw-
ing, reaching, blocking) effectively and almost pain-free

2. Lower extremity

a. Nearly complete ROM

b. Nearly symmetric strength

c. Hopping on injured extremity symmetric with uninjured extremity

d. Performing skills specific to sport (starting, sprinting, cutting, back-
ward running, cross-over step) without significant limp and in a
coordinated manner

3. Head injury. See Chapter 5B and Chapter 31 for return-to-play sugges-
tions.

4. For other nonmusculoskeletal injuries, return to play is based on physi-
cian’s clinical judgment and experience.

k. Finally, if the decision is made to permit the athlete to return to play, you
must ask the athlete; “Do you feel you are ready to play?” An athlete who
answers “no,” should not be permitted to return regardless of a physician’s
clinical decision. Do not force an athlete to return to play if he or she does not
feel prepared to participate.

¥ When the athlete is prepared to return to play, notify the coach.

(1. On the athlete’s return to play, observe a series of plays/exchanges to ensure
that the athlete performs without favoring the injury. If the athlete favors
the injury during the conduct of play, it is prudent to remove the athlete
from play.

vV in the Training Room
i the training room, athletes may present with overuse injuries as well as acute
injuries
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A. Acute injuries. Acute injuries may be handled in same way as injuries

incurred on the sideline, but there are no audience pressures or urgencies to
increase the difficulty of decision making.

B. Overuse injuries.

1. History. The history is likely to differ significantly since most overuse

injuries have an insidious onset. The improvement of symptoms with
use often seduce an athlete into unwittingly furthering the injury by
failing to alter the training routine or to intervene by taking other
appropriate measures.

a. It is important for the physician to determine when the athlete'’s
pain occurs during competition or training. Does it hurt only at the
start of the werkout? Does it feel worse later in the workout or after
the workout is completed? Does it hurt throughout the workout?
This determination enables the physician to classify the injury by
severity based on the training and competition restrictions forced by
the injury.

b. Obtain other historical information, including changes in equip-
ment, training, surface, or sport.

. Examination. The examination for overuse injuries is essentially the

same as any diagnostic musculoskeletal examination. It is important to
develop a specific diagnosis to enable the sports medicine team to estab-
lish a directed treatment program. Examining running shoes or other
equipment may assist the physician in making a diagnosis and correct-
ing contributory factors.

V. Risk Management on the Fleld and in the Tralning Room
The four Cs of risk management are commonly cited to reduce liability risk.

A

B.
C.
D.

Compassion and concern for the athlete.

Communication. It is important to discuss diagnoses, options for treatment,
likely outcomes, and the risks of each option fully (i.e., informed consent).
Competence. Stay current in all areas of sports medicine.

Charting. A complete, legible medical record is a key ally for the physician
and athletic trainer.

Vi. Summary
Caring for athletes on the field and in the training room is a clinically
challenging experience, yet professionally and personally rewarding. By
following these guidelines, the physician can provide a safe environment for
athletic competition.
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8. EMERGENCIES ON THE FIELD

A. Preparation for Emergencies in Sport

(lordon O. Matheson, Paul Ford, Peter Brukner,
Itobert M. Brock, and Robert L. Norris

Must injuries or illnesses that occur during organized sporting events are not imme-
lintoly life-threatening but occasionally the practitioner is presented with a full-
hluown life and death situation that requires immediate diagnosis, intervention, and
transportation. The most important factors in the successful treatment of serious
smergencies are anticipation and preparedness. Because life-threatening emergen-
'lan nre relatively rare in organized sports, there is a tendency to minimize or even
tgnore preparedness. In addition, because sports are vastly different in their poten-
tinl for serious trauma and illness and because wide variation exists in the physical
wud environmental conditions of sporting venues, it is not possible to develop a single
plan for emergency coverage that applies to all events. However, a few general prin-
viplen exist which, if followed, will provide the practitioner with some measure of
sasurnnce in the handling of emergencies if they occur.

The treatment of specific injuries and illnesses is discussed in the second part of
1hia chapter and the reader is referred to the suggested readings at each section’s end
fur litorature that covers treatment of specific emergencies. We discuss the two issues
of preparedness: factors related to emergency events occurring at venues and factors
related to preparedness of the individual medical practitioner.

Venue Preparedness -

Many different types of life-threatening emergencies confront the practitioner plan-
uing medical coverage, depending on the sport and the event. For example, collision
-‘mrll nuch as ice hockey, football, and rugby or high-velocity sports such as luge or
wlpine skiing carry the small but ever present risk of severe neurologic or muscu-
lnakelotal trauma. It is fortunate that organized sporting events usually include pro-
vision for the possibility of transport of emergency cases and most often are held
wi sites from which immediate transfer to a tertiary care facility is available.
Neavertheless, it is incumbent on the physician accepting responsibility for emergency
vavernge to be sure that the following six factors have been addressed prior to the
spat ting event. Planning meetings should be held well in advance of the event to pro-
vile ample time for implementation and should include not only medical staff but
wlsn mombers of the sporting event organizing staff.

hyuipment
myipment checklists are unique to the event and venue, but almost always include
=pinnl immobilization boards and defibrillators or full crash carts. Most often, equip-

wment for full cardiopulmonary resuscitation and transport is supplied by paramedical
pwrsonnel providing ambulance backup. Because the extent of the inventory of resus-
»itntion and transport equipment and supplies varies with the ambulance company
«nil the training of the ambulance attendants, it is important to review this inventory
wtio to the sporting event. In addition to a spinal immobilization board, standard
rquipment should include traction splints, limb splints, oxygen, blankets, and heart

+wle (1) and rhythm monitoring equipment.
Nl necessary equipment may include tents to protect from heat or inclement
wenther during treatment of patients, tables or cots for physical examination and

vreatment, and splints for musculoskeletal injury. The inventory of equipment
+wyiriron nome thought and consultation with other event organizers.

Iraonnel
Mudical personnel at sporting events should, at minimum, have basic cardiac life
=apport tRCLS) certification and physicians should ideally have both advanced car-
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diac life support (ACLS) and advanced trauma life support (ATLS) certifications. All
medical personnel prov(d.ing coverage should have clearly defined responsibilities in
the event of an emergency, including their roles in communication and their areas of
geographic coverage. Skill and experience are vital in the event of an emergency. For
this reason, wherever possible, availability of a fully outfitted ambulance with
trained paramedic personnel is desirable.

Protocols :
In life-threatening emergencies, protocols that have been practiced prior to the event
can make all the difference with respect to orderly resuscitation of patients and suc-
cessful outcomes. Good protocols are brief and to the point, but must define such
issues as specific job responsibility, lines of communication, lines of authority with
respect to decision making, clothing that identifies medical personnel, and trans-
portation routes. Many trivial issues assume great importance during an emergency,
including, for example, who should accompany the victim in the ambulance and who
cover the post vacated by staff attending the emergency if the event continues.
Protocols can be assessed by staging a mock-up or “walk-through” exercise during
the planning phase. This step will help identify deficiencies in planning.

Communication

For medical coverage of sporting events over long distances, cellular phone or radio
communication is essential. Medical pereonnel placed strategically at sites through-
out the venue, or roving on any form of transportation from bicycles to skis to auto-
mobiles, are the initial contact people when an emergency occurs. Radios permit the
implementation of protocols once an emergency occurs and allow a simultaneous
sequence of events to be orchestrated, including arranging transportation and alert-
ing the tertiary care center.

Transportation
Transportation must be arranged in advance. Routes to the nearest tertiary-care
facility must be mapped out and must be familiar to ambulance personnel.

Tertiary care

Preparedness includes obtaining the cooperation of medical personnel at a tertiary
care facility. Specific names and phone numbers of medical staff at the facility should
be available for event coverage staff and ambulance attendants.

Individual Preparedness

Each of the medical personnel providing coverage at an event should be trained in
BCLS, and, ideally, physicians should have both ACLS and advanced trauma life
support (ATLS) certification. Other specific skills necessary for competence in emer-
gency treatment and resuscitation are the subject of clinical training programs and
are not covered herein, Physicians providing coverage at events in which there is a
risk of serious injury or illness should be skilled in emergency care.

Each physician should have a portable emergency kit that contains the supplies
and medications necessary for both minor and major emergencies. Medical kits have
been the subject of several publications and different philosophical approaches have
been advocated. We believe that a standardized kit should be developed and that it
must be self-contained except for supplies normally earned by athletic therapists and
trainers. Because emergencies are not common, many kits lack the equipment and
supplies necessary for resuscitation. We believe that physicians should be responsi-
ble for their own emergency kit, including the equipment necessary for initial airway
care and basic cardiopulmonary resuscitation (CPR). The kit then must be set up for
life-threatening emergencies and also must contain the supplies and medications
commonly needed for minor emergencies. Such a kit has been developed by the
Canadian Academy of Sports Medicine. We have modified this kit to include the
inventory shown in Table 5-1. The kit is portable and is equipped with back straps
that permit travel by foot over longer distances (Fig. 5-1). It contains a number of
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Table 5-1. Emergency kit checklist

Airway kit
Hag valve mask (1)
Mc(ill forcep (1)
laryngoscope (1)
Mtraight laryngoscope blade (1)
(‘urved laryngoscope blade (1)
Kxtra laryngoscope batteries (2)
Kxtira laryngoscope bulbs (2)
Kndotracheal tubes, sizes 6-9

(1 oach)

Oral airways, sizes 5.5-12 (1 each)
M) cc syringe with catheter tip (1)
14 -cc myringe (1)
#11 scalpel blade on metal handle (1)
vricothyrotomy kit (1)
#14 intercatheter (1)

Intruvenous kit

I'snrose tubing (1)

Aleohol prep pads (5)

A ¢« ayringes (3)

1’4 v myringes (3)

#14 » 1.5”-gauge needles (6)

81K « 1.8”-gauge needles (6)

041 x 1.5”-gauge needles (6)

#40 « 8/8”-gauge needles (6)

Angiocatheters, sizes 14, 16, 18, 20
tth onch)

Hutterfly catheters, sizes 19, 21, 23
it sach)

2ul) atorile gauze (10)

Wetadine swabs (5) -

1" Lmukofix tape (1)

W (1)

ingor's lactate 1,000 ml (2)

Normal saline 1,000 ml (2)

| V administration sets (4)

Netadine swabs (4)

Tube gauze

Ryve hit

Metal oye shield (1)

11ival nye pads (5)

'mitan-tipped applicators (5)

Avtificial tears (1)

Kk.ye irrigant solution1)

I leukofix tape (1)

Fluarenceln eye drops (5)

Vubiramyein drops (1)

I*roparacaine drope (1)

t'untact lons case (1)

Cabalt blue ll‘ht (1)

Mireen (1)

Fen light (1)

Foapos tuhle medication
W 4n hupivicaine (1)
" AR hupivicaine (1)
19 lidocaine (1)

1% lidocaine with epinephrine (1)

Diphenhydramine (2)

Dimenhydrinate (2)

Diazepam (2)

Tetanus toxoid (2)

Ketorolac (2)

Morphine (2)

Epi Pen (1)

Prochlorperazine (2)

Injection kit

12-cc syringes (3)

8-cc syringes (3)

#16 x 1.5”-gauge needles (3)

#18 x 1.6”-gauge needles (3)

#22 x 1.5”-gauge needles (3)

#25 x 1.5”-gauge needles (3)

Alcohol swabs (10)

Suture kit

Alcohol prep pads (10)

4-wing Band-aids (6)

Knuckle Band-aids (5)

Extra-large Band-aids (5)

1”-strip Band-aids (5)

3x3 sterile gauze (10)

4x4 sterile gauze (5)

#10, #11, and #15 disposable
scalpels (2 each)

6-0 nylon (5)

5-0 nylon (PRE2 needle) (6)

5-0 nylon (FS2 needle) (6)

4-0 nylon (6)

4-0 Dexon (5)

3-0 Dexon (5)

12-cc syringes (3)

6-cc syringes (3)

3-cc syringes (3)

#26 x 1.6”-gauge needles (5)

#22 x 1.6”-gauge needles (5)

#18 x 1.5”-gauge needlee (5)

#16 x 1.5”-gauge needles (5)

Betadine swabs (5)

1/4” Steri-strips (B)

Betadine scrub brush (2)

Purell antiseptic hand wash (1)

Hibiclens solution (1)

Triple-antibiotic ointment packs (10)

Save-A-Tooth kit

Antibiotic medications
Amorxicillin (2)
Erythromycin (2)
Penicillin VK (2)
Bactrim (2)
Cephalexin (2)
Doxycyline (2)
Prochlorperazine (2)
Cortisporin otic solution (1)
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Table 8-1. (continued)

Other medications

Latex examination gloves (10 pair)

Ibuprofen 800 mg (4) Pen light (1)
Naproxen sodium (4) Sharpie pen (1)
Diclofenac (4) Black ink pen (1)
Diphenhydramine (2) Red ink pen (1)
Docusate (2) Oto/ophthalmoscope (1)
Diphenoxylate (2) Stethoscope (1)
Acetaminophen with codeine (5) Sphygmomanometer (1)
Albuterol inhaler (2) Reflex hammer (1)
Lotrisone cream (2) Tape measure (1)
Dressing kit Goniometer (1)
33 sterile gauze (10) Alcohol prep pads (10}
4x4 sterile gauze (5) Urine dip sticks
4-wing Band-aids (5) Oral and rectal thermometers
Knuckle Band-aids (6) Large side pocket
Extra-large Band-aids (5) Sterile suture kits (2)
1”-strip Band-aids (5) Sterile gloves (5 pair)
Adhesive Telfa pads (5) Nonsterile latex gloves
Nonadhesive Telfa Pads (10) Emergency cricothyrotomy set (1)
2" Kling rolled gauze (1) Soft cervical collar (1)
3” Kling rolled gauze (1) Hard cervical collar (1)
Duoderm (3) Foil blanket (1)
1/4” Steri-strips (3) Medium side pocket

Bioclusives (5)
Adaptics (5)

Athlete insurance information
Injury assessment forms

Benzoin swabs (5) Prescription pads

Triple-antibiotic ointment packs (10) List of banned substances -
Physician diagnostic kit Sharps container

Tongue depressors (10) Small side pocket

Cotton-tipped applicators (10) Biohazard bags

Fig. 5-1. Medical kit available from the Canadian Academy of Sport Medicine, Suite
507, 1600 James Naismith Drive, Gloucester, Ontario, K1B 6N4, Canada. The kit is
equipped with shoulder straps that allow easier transport.
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Pig. 8-2. Several smaller bags of ditiering sizes are held m place by velero and are
Inhelod for easy identification. The contents of each of these smaller kits is detailed in
l'able 5-1.

valor coded smaller kits held in place by velcro as shown in Fig. 5-2 (the specific con-
tentan of each of these kits is detailed in Table §-1). When opened, the kits are clearly
lisplayed, together with the -examining instruments, intravenous bags, and
injectable medications (Fig. 5-3). The emergency resuscitation kit is self-contained,
lucking only an oxygen bottle (Fig. 5-4). The physician examining kit ie also self-
vontained (Fig. 5-5).

Moat of the kit is se]f-explanatory, but there are several points worthy of emphasis.
Maintaining a patent airway is the most important part of treatment in life-threat-
sning circumstances. The equipment described in Table 5-1 includes not only a mask

Pig 8-3. When the bag is opened, immediate access is obtained to intravenous bags,
myeetable medications, and the physician diagnostic kit. After these are removed,
sarh of the smaller kits is eagily identifiable by color and by label and can be accessed
anl removed easily from the larger kit.
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Fig. 5-4. The contents of the phygician diagnostic kit (see also Table 5-1).

and airways for ventilating a patient, but also the equipment necessary for more
invasive measures that may be required to maintain the airway. Different sizes of
straight and curved laryngoscope blades are required to accommodate differences in
oropharyngeal anatomy and varying patient size. Extra batteries and bulbs for the
laryngoscope are essential. The 12-cc syringe is used to fill the cuff on the endotra-
cheal tube, and the 60-cc syringe can be used as a means of portahle suction for clear-
ing the airway. A McGill forcep is essential for clearing the back of the throat in cases
of foreign body aspiration. In cases of airway obstruction in which a surgical airway
is required, we prefer the cricothyrotomy technique.

A good selection of intravenous catheters is important, depending on the athlete’s
size and the conditions at the sporting venue. Penrose tubing can be used for a tourni-
quet, and various needle sizes are included for direct intravenous or intramuscular
injections of medications.

Fig. 5-8. The contents of the airway kit (see also Table 5-1).
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The physician diagnostic kit is a separate bag attached by velcro to the top flap of
the emergency kit, adjacent to the parenteral medications. This kit can be removed
and transported to the field for diagnostic evaluation. Additional equipment is main-
tained in the side pockets of the bag (Table 5-1).

Summary

The most important aspects of emergency care are preparedness and selection of per-
sunnel trained in assessment and treatment of emergency conditions. Preparedness
involves six factors: (1) equipment, (2) personnel, (3) protocols, (4) communication,
1h) transportation, and (6) tertiary care. Each physician should have a single self-con-
tained medical kit that holds all neceseary supplies, equipment, and medication for
trentment of minor and major emergencies. These kits are now commercially avail-
uble, and only minor modifications are required to tailor the kit to the specific needs
of the physician.
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#. Management of On-the-Fleld Emergencies

Aaron L. Rubin and Robert E. Sallis

I Introduction: Though a relatively rare event, emergencies do arise during sports
competitions. Sideline physicians must be prepared to handle emergency
mituations in their role as a team physician. The key to effectively providing
necessary care to the seriously injured or sick athlete is prior planning and
preparation. The sideline physician must take steps to insure they have proper
squipment and training to handle the most common emergencies seen during
nthletic competition. This chapter will review some basic concepts of sideline
muanagement, and discuss the evaluation and management of some common
wmergencies.

0. Field Protocol/Medical Organization:

A. Sideline physicians must have a knowledge of field conditions and possible
hazards prior to the onset of the competition. They should arrive at least
16—30 minutes prior to the beginning of the game to inspect the playing sur-
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face and introduce themselves to coaches and trainers. They should be
updated on any potential injuries or problems existing prior to the game.

B. Sideline physicians should also meet with emergency medical personnel and
determine exactly what resources are available should they be needed. They
should also take care to locate the nearest phone and be prepared to call for
emergency back up if it is not readily availalble.

C. It is also helpful for the sideline physician to introduce himself to the oppos-
ing teams coaches and trainers, as well as the referees so these individuals
are aware of their presence.

D. During the game, the sideline physician should choose a vantage point that
allows him close observation of the competition. Many times the ability to
gee an injury occur can be of great benefit in making a diagnosis and deter-
mining further treatment.

1. Sideline Medical Equipment:

A. Appropriate equipment is needed to manage many athletic injuries and is a
reflection of the planning and organization above.

B. See Chapter 6A and appendix 4.

IV. The Decislon Process:

A. Probably the most essential role of the sideline physician is determining
whether or not an athlete can return to competition. In making this deter-
mination, the physician should consider the injured athlete’s history, physi-
cal exam findings, past problems, and the wishes of the athlete.

1. In evaluating any injured athlete, the first consideration is whether or
not emergency treatment is mdlcat.ed Usually this is quite evident,
based on a brief history and exam.

2. The next consideration is if the athlete continues to compete, is there a
potential for worsening of the injury? Imunes such as fractures, liga-
mentous tears, or severe head or neck injuries have the pot.entml to
worsen if an at.h]ete continues in competition.

3. A third consideration is if the athlete continues to compebe, will this
injury predispose them to another injury? An athlete who is crippled by
a leg injury may not have the speed and agility needed to effectively
compete, and therefore put themselves at risk for another injury.

4. If the physician feels that the athlete’s continued competition will pre-
dispose to a worsening of the injury or to another injury, then obviously
these athletes need to be held from returning to play.

5. If it has been decided that the athlete may continue to compete, physi-
cians should help suggest protective measures which may allow contin-
ued competition. Examples of such measures include taping for an
ankle sprain, steri-stripping small lacerations, and padding contused
extremities.

6. Underlying this entire decision making process is the necessity for the
athlete, coach and parents (of minors) to understand any potential risks
of the athlete’s continued participation.

B. Itis meortant that physicians take an impartial view in deberm1mng return
to play issues. They must realize the importance of athletic competition to
the athlete, coach and team and do their best to help athletes return quickly
and safely to competition. However they must avoid letting coaching deci-
sions affect their judgment. Whether the injured player is the star or a
benchwarmer, should not influence the physician’s decision making process.
Similarly, there is often pressure during a close game to return a key player
who is injured. Sideline physicians must not allow their personal allegiance
to the team as a fan to cloud their decision process.

V. Disaster Plan:

A. It is critical that physicians who work on the field at athletic competitions
have a well organized plan for potential emergencies. Such a plan would
include whom to call, which hospitals to use, and who would be in charge in
the event of a catastrophic injury.

B. The components of a basic disaster plan should include placing an individual
in charge of making medical decisions. Generally this would be the physi-
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cian, but in his absence a trainer or student trainer, or even a coach, may be
called on to temporarily take charge. This individual would be in charge of
all medical decisions pertaining to the injured athlete until more experi-
enced personnel are present.

1. The disaster protocol would begin with an immediate on field evaluation

to determine the extent of the injury. If a catastrophic injury is sus-
pected, the person taking charge would direct the immediate care of the
athlete.

. Early activation of emergency medical services is critical. Plans should

be made for who will carry out this task and how it will be done (i.e., via
cell phone, pay phone, radio, walkie-talkie, etc.).
a. Plans should be thought out as to how emergency transport services
would enter the field to assist the downed athlete.
b. A coach, assistant trainer, administrator, or security person would
need to be in charge of opening gates and directing EMS personnel to
the downed athlete.

. Initiation of basic life support should begin with proper assessment of

the injured athlete’s airway, breathing, and circulation.

. Other individuals would be in charge for caring for other team members,

pulling the injured athlete’s medical files, and notifying parents and
school officials where needed.

VI. Principles of Injury Evaluation:
A. Potential on field emergencies can be grouped into three basic levels of
priority.

1.

The first priority are those injuries which pose an immediate threat to
life. These injuries require immediate treatment followed by transport
to a hospital. Such injuries include respiratory arrest, airway obstruc-
tion, acute respiratory failure, acute pulmonary edema, or pneumotho-
rax. In-addition, problems such as cardiac arrest, anaphylactic shock,
seizures, and uncontrolled hemorrhage or hypovolemia, are also poten-
tial sideline emergencies of the firat priority.

. The second priority injuries are those that are urgent and potentially

a threat to life. These injuries require urgent evaluation and treatment
when indicated. Such injuries include severe head injuries, severe neck
and back injuries, visceral injuries, facial injuries, myocardial infarctions,
seizures, burns, severe musculoskeletal trauma, heat stroke, hypother-
mia, and near drowning.

. The third priority of injuries are those which are not life threatening

and are the most common. These include joint or other musculoskeletal
injuries, lacerations, skin blisters or bullae, and puncture wounds.

Vil. Specific Injuries: Always start with ABCDE: Airway, Breathing, Circulation,
Disability, Exposure/Examination.
A. Airway Obstruction/Laryngeal Injuries

1.

2.

Airway management must include cervical spine control in the uncon-
scious athlete.

The medical team should practice the “log-roll” to move the face down
athlete to a position where the airway can be accessed. Facemask must
be removed to gain access to the airway. Specialized tools have been
developed to remove facemask attachments for football, hockey and
other athletic masks. These procedures should be practiced by medical
personnel under controlled circumstances on a regular basis.

. Airway obstruction is most often secondary to the tongue falling back

in the throat and can be easily treated by proper positioning of the head
and neck. The head-tilt method should not be performed on anyone with
potential cervical spine injury. The chin-lift or jaw-thrust methods may
be used with someone maintaining neck stabilization.

. The airway may also be obstructed by teeth, mouthguard, or vomitus,

which must be cleared.
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5.

6.

Airway may need to be maintained by use of an oral or nasal airway. If
properly trained personnel and equipment are present, endotracheal
intubation may be performed to secure the airway.
If the airway has been compromised by a neck injury such as a laryn-
geal fracture or laryngeal edema, a needle ericothytoidotomy
should be performed.
a. Find the cricothyroid membrane at the between the thyroid cartilage
and cricoid cartilage.
b. Prepare the area with skin antiseptic if time is available.
c. Insert a 14 gauge or larger needle thought the membrane entering
the trachea.
d. Ventilate as described below.

B. Breatlung

1.

2.

Opening the airway is often all that is needed for the athlete to begin
breathing again.

If breathing does not start apontaneously, mouth-to-mouth, mouth-to-
mask, bag-valve-mask resuscitation should be started. High concentra-
tion (100%) oxygen should be administered.

. Asthma and anaphylaxis can also compromise breathing.

a. Athletes with asthma should be identified during the pre-participa-
tion physical with attention to those with severe asthma and respi-
ratory compromise. They should be instructed in prevention and
keep an inhaler at the athletic venue.

b. Treatment of acute asthma includes use of albuterol inhaler 2 puﬂ's
via a “spacer,” 0.3-0.5 ml of 1:1000 epinephrine subcutaneously,
100% oxygen, and transport to medical facility for definitive therapy.

¢. Anaphylaxis is an acute allergic reaction that leads to respiratory
difficulties. This can occur due to food, medications, or exposures
such as a bee sting. Athletes with a history of anaphylaxis should
have epinephrine injection in ready to use syringes that is avail-
able commercially. Treatment is the same as asthma with addition
of IV fluids and closely monitoring patient for recurrent symptoms.

. Pneumothorax can be caused by trauma as occurs with a penetrating

injury to the chesdt or rib fracture puncturing the lung and allowing air
into the pleural space compressing the lung and compromising respira-
tion. Pneumothorax can also occur spontaneously. When this com-
presses the remaining lung tissue, a tension pneumothorax has
occurred. Keys to diagnosis include tracheal deviation, hypotension, uni-
lateral absence of breath sounds, distended neck veins, and difficulty
breathing. This problem is treated by relieving the tension by placing a
large bore needle into the second intercostal space along the midcla-
vicular line. Air should return and ventilation should improve. Definitive
treatment is provided at the emergency department.

C. Circulation and Cardiac Arrest

1.

2.
3.

If the victim is pulseless after establishing airway and breathing, chest
compression should be started.

Activation of the Emergency Medical System should be performed.
Early defibrillation has been shown to be important in survival of car-
diac arrest and should not be delayed. If Advanced Cardiac Life
Support and defibrillation is not readily available, the team physician
should consider obtaining an Automated External Defibrillator
(AED). These devices internally evaluate cardiac rhythms and deliver a
shock when indicated.

. Appropriate training in Basic Life Support should be the goal for all

individuals working with athletes. All team physicians should have
training in Advanced Cardiac Life Support.

D. Disability—Head Injuries

1.

Along with neck injuries, head injuries are the most common cause of
catastrophic sports injuries. A critical point in evaluating the uncon-
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scious athlete is to assume that a"cervical apine fracture is present until

proven otherwise. It is important that the evaluation of the unconscious

athlete begin with in-line traction of the athlete’s neck until the cervical
spine can be determined to not be injured.

. Cerebral concussion is by far the most common head injury seen by

the sideline physician. Milder forms can often times be evaluated and

sent back to competition. However, athletes with persistent symptoms,
especially memory loss or any loss of consciousness should not be
allowed to return to competition.

a. Evaluation of an athlete’s mental status and neurologic status are
imperative prior to making decisions on return to play.

b. Various grading systems, such as those developed by the Colorado
Medical Society and the American Academy of Neurology, can be
quite useful in helping to make decisions on returning athletes to
competition after a cerebral concussion (see Table 31-3).

. Cerebral contusions represent a more severe sports related head

injury. This injury is essentially a bruising of the brain. It can best be

seen with an MRI, and cannot be diagnosed clinically.

a. Symptoms include a persistent headache or neurologic defect, and in
severe cases may include seizures.

b. The treatment of cerebral contusion is entirely symptomatic and
generally the symptoms resolve over time.

. Intracerebral hematomas are a much more severe effect of sports

related head injury. This occurs when there is bleeding into the brain

substance itself. This also can be demonstrated on MRI as well as CT
scanning.

a. The symptoms of an Intracerebral Hematoma are similar to contu-
sions but are often more severe and they may rapidly progress to
death.

b. These injuries should be promptly transported to a neurosurgical
medical center, as surgical evacuation may be needed to reduce
intracranial pressure. If available on the field, the athlete should be
intubated and hyperventilated. Also, the administration of intra-
venous mannitol can help to reduce intracranial pressure as well.

. Epidural hematomas occur from arterial bleeding between the skull

and the dura of the brain. This is frequently associated with a temporal

skull fracture and involves tearing of the middle meningeal artery.

These injuries can also be quite readily seen with CT or MRI scanning.

a. Classic symptoms of Epidural Hematoma include an initial short
loss of consciousness followed by a lucid interval. This lucid period is
associated with increasing headache, and a progressive deteriora-
tion in the level of consciousness usually within one to two hours.

b. Treatment of an Epidural Hematoma is prompt surgical evacuation.
This injury can be quite treatable if caught early, to prevent perma-
nent neurologic injury. Therefore, quick transport from the field to a
neurosurgical center is imperative.

. Subdural hematomas can also occur in association with athletic com-

petition. These are caused by a venous bleed between the brain surface

and the dura. These injuries are often associated with damage to the
underlying brain tissue. This injury is easily seen on CT scanning or
MRI.
a. Symptoms of a Subdural Hematoma typically depend on the acuity.
(1) Acute subdural hematomas typically present with an uncon-
scious athlete showing focal neurologic signs. This is often asso-
ciated with significant underlying brain injury and generally has
a poor outcome.

(2) Subacute or chronic subdural hematomas can also be seen.
These often present with relatively mild symptoms of headache
along with mild mental, motor or sensory signs. Symptoms fre-
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quently develop over 24 hours to two weeks or more. These are
more often seen in older patients due to tearing of the bridging
veins between the brain and the dura.

b. Treatment for Acute Subdural Hematoma is surgical evacuation
which can lead to full recovery. Thus, stabilization (A, B, C), early
recognition of the diagnosis and rapid transportation to a neurosur-
gical center with administration of high concentration oxygen is
imperative.

E. Spine Injuries
1. Cervical spine injury should always be assumed in the unconscious or

5.

poorly responsive athlete.

. Any athlete with neck pain, weakness, numbness, neck spasm or ten-

derness should be assumed to have a cervical spine injury until cleared
by appropriate exam and radiological evaluation.

. If suspected injury, the athlete should be moved only when adequately

trained personnel and equipment are available. The contest should be
stopped and the athlete moved directly to the ambulance after proper
cervical spine immobilization and the athlete placed on a backboard. If a
helmet is worn, it should be left on the athlete with any face guard
removed to allow access to the airway. Equipment has been developed
for removal of facemasks. The helmet is better removed in the emer-

, gency department after appropriate radiographs of the cervical spine

have confirmed no fracture is present. Taping the helmet to the back-
board and supporting the helmet with sandbags can provide excellent
cervical spine immobilization. Shoulder pads should also be left in place,
as it is difficult to properly immobilize the athlete if they are removed
with the helmet in place.

. If the athlete is in danger for other reasons, such as in diving accidents

or if in respiratory arrest, they may have to be carefully moved so fur-
ther treatment can take place. Careful immobilization of the spine dur-
ing rolling the patient in the water or on the field must be accomplished.
Lower spine injury requires similar immobilization until complete eval-
uation in the emergency department has been performed.

F. Abdominal and Pelvis Injuries

1.
2.

3.

Injury can rapidly lead to hypovolemic shock secondary to blood loss.
Most oommonly injured organs are the spleen and liver. This is followed
by injuries to the pancreas, bowel, kidney, bladder, and blood vessels.
Most athletic injuries involve blunt trauma as opposed to penetrating
trauma.

. Symptoms of significant injury include abdominal pain, nausea, vomit-

ing, and symptoms of shock. Signs include abdominal tenderness, rigid-
ity, and rebound, rigid abdomen, hematuria, and hypotension.

. Treatment includes intravenous access and fluids, not allowing oral

intake, transport to emergency department for definitive diagnosis and
treatment.

G. Eye Injuries:
1. Severe eye injuries are occasionally encountered in association with

sports participation. Basketball and baseball are two of the most likely
sports in which a physician would encounter an ocular emergency.

. Physicians should be prepared to undertake an appropriate ocular

examination and initiate correct early diagnosis and treatment in cases
of on-field ocular trauma. Even though most severe injuries will need
treatment by an ophthalmologist, it is imperative that the sideline
physician do a thorough initial evaluation of the athlete with an injured
eye. In general, more mistakes are made because of not looking than not
knowing about ocular injury.

. Examination should begin with a baseline visual acuity test. Athletes

who have decreased visual acuity in the injured eye must be assumed to
have more serious injury until proven otherwise.
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. Gross inspection of the eye is often revealing and can demonstrate

contusions or lacerations. It is particularly important to observe the
eyelids and orbit for symmetry and to look for ptosis of the eyelids or
proptosis of the globe on the injured side.

. The cornea and the sclerae should be examined closely for signs of

perforation or rupture, which is generally indicated by darkly pig-
mented uveal tissue herniating through a laceration.

. The anterior chamber should also be looked at closely for signs of

bleeding or hyphema.

. Extraocular muscles should be tested in all directions. The pupils

should also be checked for size, shape and reaction to light. Lastly, a
fundoscopic examination should be undertaken to assess the ocular
media as well as the status of the retina.

3. Probably the most common injuries seen by the sideline physician
include corneal abrasions, foreign bodies and lacerations in and around
the eyelids.

4. More severe injuries may require emergency treatment.

Lacerations to the globe generally present with pain and de-
creased visual acuity. On exam there is often distortion and dis-
placement of the pupil. When this injury is suspected, manipulation
should be minimized, the eye shielded and the patient should be
referred immediately to an ophthalmologist.

. Orbital blow out fractures can occur due to direct trauma to the

eye, such as occurs with a baseball. These fractures most commonly
involve the floor and the medial wall of the orbit, and present with
diplopia, obscured maxillary sinus cavity on x-ray, and hypesthesia
of the face. CT scanning can be quite helpful when such an injury is
suspected. The eye should be covered with a patch and immediate
referral for ophthalmologic evaluation as well as ENT evaluation is
critical in treating this injury.

. Retinal hemorrhage and edema can occur as a result of direct

trauma to the eye, or by transmission of force to the retinal surface
from a contusion injury to the globe. These often present with
decreased visual acuity or distortion of vision. These generally are
treated symptomatically. The eye should be patched for comfort and
the athlete transferred for appropriate evaluation from an ophthal-
mologist. .

. Retinal detachment can also occur as a result of repeated trauma

in and around the eye. These frequently present with complaints of
lightening flashes or sparks in the visual field. These can be seen
with an ophthalmoscope but often are difficult to visualize. Fre-
quently, in order to see peripheral lens detachment, it i3 necessary
that the pupil be dilated. When this injury is suspected, these need
prompt ophthalmologic evaluation and treatment.

. Hyphema refers to the presence of blood in the anterior chamber of

the eye. This usually occurs after a contusion to the globe. When pres-
ent, this indicates more serious intraocular injury and a risk for
delayed re-bleeding. The athlete should be kept quiet and calm and
transported for prompt, urgent ophthalmologic evaluation.

H. Dental Injury:
1. The sideline physician may also encounter serious dental injuries as a

result of sports related trauma. Generally the severity of the injury
can be appreciated by direct inspection and physical examination.
Most severe injuries need prompt treatment from ENT physicians and
dentists.

. Tooth avulsions are among the more common dental injuries treated

on the sidelines. The tooth that is completely displaced from its socket
can be replanted with varying degrees of success depending for the most
part on the length of time it is out. In general, if it can be reinserted
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within a few minutes after avulsion and if the periodontal ligament
fibers attached to the roots have not been damaged by rough handling,
the avulsed tooth may recover full function.

a. The vitality of the root surface elements can be maintained by
replanting the tooth as socon as possgible after avulsion. The tooth
should be rinsed in tap wgter to remove loose debris, but the root
surface should not be brushed or handled.

b. The tooth can be reinserted into the socket, after which the patient
should bite on a piece of gauze or a tea bag to apply gentle pressure
to completely seat the tooth. Follow-up evaluation by a dentist for
definitive treatment is necessary as 80on as possible.

c. Ifit is not possible to replant the tooth at the time of the accident, the
patient should take the avulsed tooth to the déhtist as quickly as
possible. During transport the tooth should be kept moist. Keeping
the tooth in the athlete’s mouth inside the buccal vestibule is an
excellent place for transport. However, this may not be feasible,
especially in athletes who may have altered levels of consciousness.
An excellent and often readily available transport medium is milk.
Alternatives include commercially available media as well as saline,
and a last resort is tap water.

L Ort.hopedlc Injuries: (see individual chapters for more detailed information)
1. Emergencies include open fractures, hip or knee dislocations, other dis-
locations and fractures with neurovascular compromise.

2. Open fractures should be covered with sterile dressing, splinted in
position found and transported to the emergency department. Consider
possible fracture with loss of skin integrity in vicinity of injury to be an
open fracture until proven otherwise.

3. Trained individuals can reduce knee dislocation by providing linear
traction and straightening the leg. Evaluate and document neurovascu-
lar status before and after treatment. The diagnosis of a hip or knee dis-
location must be transported to the treating physician in the emergency
department so studies can be performed to rule out vascular injury and
fracture and to allow for definitive treatment.

4. Other injuries with neurovascular compromise should be splinted and
transported to the emergency department. Reduction should be at-
tempted if there will be a significant delay in treatment.

6. Reduction of hip dislocations should probably be performed in the hos-
pital under general anesthesia and not on the field. These patients can
generally be transported on a spine board for adequate immobilization.

6. Reduction of some dislocations, such as shoulder, finger or elbow, can be
attempted to decrease pain unless fracture is suspected. Some dislocations
are easier to reduce if done early, before muscle spasm and pain become a
factor. All reductions should have follow-up radiological examination to
rule out associated fractures. Reductions can generally await transport to
the emergency department, and are done on the fisld for the comfort of the
athlete. One should never attempt reduction without proper training and
should not consider it inappropriate to refer to the emergency department
if in doubt. Neurovascular status must always be checked and docu-
mented as part of the examination before and after reduction.

a. Shoulder dislocations can often be reduced more easily soon after
it occurs. There are multiple methods for reduction of an anterior-
inferior dislocation of the gleno-humeral joint (the most common
shoulder dislocation). Neuro-sensory testing must be performed and
documented before and after reduction. If reduction does not easily
occur, the athlete should be splinted in position and transferred to
the emergency department. Several simple and effective techniques
of on-the-field reduction of the anterior shoulder dislocation follow:
(1) One easy method is to have the athlete clasp his hands together

and, seated on the ground, wrap these over the knee. He then
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leans back applying anterior traction to their shoulder. This usu-
ally results in relocation.
(2) Ifthe dislocation is seen rapidly before pain and muscle spasm set
' in, the humeral head may be reduced by gentle in-line traction.
(3) With the athlete seated or lying down and as relaxed as possible,
gradually bring the arm into an overhead position (Statue-of-
Liberty) with the shoulder usually reducing when reaching over-
head. Then bring arm down across the chest and placed in a sling.

(4) The athlete lies prone on a training table with the affected arm
hanging off of the table. Traction is applied or weights applied
(starting with 10 kg). Reduction should occur as the athlete
relaxes. To aid in this reduction, the outer, lower edge of the
scapula may be manipulated toward the midline to bring the gle-
noid over the humerus.

. Finger Dislocation

(1) Dislocation of the metacarpophalangeal joint can be
attempted by flexing the wrist and interphalangeal joint (finger),
pulling gentle in-line traction and pushing the metacarpal head
into position then flexing the MCP joint. The MCP joint is then
splinted in mild (30 degrees) flexion and the athlete sent for
appropriate radiography. Repeated attempts at reduction should
not be attempted. These are often irreducible by closed means.

(2) Dislocation of the interphalangeal joint can be accom-
plished in a similar manner, pulling in-line traction, hyperex-
tending the phalanx, sliding the base of the phalanx distally
opposite the head of the proximal phalanx, and flexing the inter-
phalangeal joint. This is the more common case of dorsal disloca-
tion when the distal bone rides dorsally on the proximal bone.
Splinting iri 20-30 degrees of flexion and appropriate radiogra-
phy should follow.

. Elbow Dislocation

(1) Most common dislocation is posterior with the radius and ulna
displaced posterior to the distal humerus.

(2) Reduction with an assistant providing counter-traction, the
wrist is grasped and steady traction is applied. Sometimes this
can be aided by the assistant gently pushing the olecranon while
the wrist is being pulled.

(3) While traction is maintained, gently flex the forearm.

(4) Splint is applied and patient sent for radiographs.

(6) If the dislocation is not directly posterior, reduction in this man-
ner may not be successful. Further, a fracture fragment may
block reduction. Thus, if reduction is not easily performed on-
the-field or in the training room, referral to an appropriate facil-
ity for radiographs and reduction is necessary. Splinting prior to
transport will make the athlete more comfortable.

J. Heat Injuries: (see chapter 11 for more detailed information)
1. Heat injuries are commonly seen in athletes participating in sports dur-

ing the summer months in which temperature and humidity are high.
Severe heat injuries have been seen with decreasing frequency in foot-
ball players, as coaches have come to realize that these injuries are pre-
ventable if their athletes consume adequate amounts of water.

. The most important point is prevention of heat injuries that can be eas-
ily accomplished by adequate consumption of water. Athletes must be
informed about the importance of drinking water before, during and
after exercise.

There are spectrum of heat injuries in which the sideline physician will
encounter.
a. Effort-induced muscle cramps are probably the most common,

and early sign of heat related injury. These are thought to be gener-
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ally due to sodium depletion, along with dehydration. Typically these

cramps occur in the calf muscles of the exercising athiete. These can

be treated with oral rehydration, stretching and ice on the sideline,
and generally are a minor nuisance. After the cramps have stopped,
return to play may be allowed.

b. Heat exhaustion is a more severe form of heat injury. This typi-
cally occurs because of hypovolemia. Athletes with heat exhaustion
will show a slight increase in their core temperature (but less than
104°F). Typically, these athletes are sweating profusely and appear
flushed. They often demonstrate orthostatic syncope. Treatment of
athletes with heat exhaustion involves removing them from compe-
tition and placing them in a cool environment in the shade.
Effective cooling can be accomplished with cool water mist and fans.
Oral hydration with eold water is usually all that is necessary. More
severe forms may need IV hydration and even brief hospitalization.

c. Heat stroke is the most severe form of heat injury. This occurs
when there is thermo-regulatory failure. These individuals have
extremely high temperatures above 104°F. Often there is no sweat-
ing and their skin can appear very hot.and dry, though sweating
does not preclude the diagnosis of heat stroke. The hallmark of heat
stroke is mental status changes, as well as coma and even seizures.
Eventually, individuals with heat stroke progress on to multisystem
organ failure. Heat stroke has a high mortality, especially if the tem-
perature is above 107°F (42°C) or if coma lasts longer than two
hours. The key to treatment of athletes with heat stroke is a rapid
cooling. This can be accomplished with cool water mist and fans, as
well as placing ice packs over the major vessels in the axilla, groin
and neck. Athletes with heat stroke should be transported immedi-
ately to a hospital where the administration of cooled intravenous
fluids can also be helpful to lower the core body temperature. Often
times these athletes need oxygen and mechanical ventilation and
intensive treatment of other organ system failures.

d. The key to treating heat related illness is prevention. Physicians
must be aware of athletes who are at particularly high risk. Various
precautions can be taken to decrease the risk of heat related illness:
(1) Athletes should wear light colored clothing which breathes well.
(2) It is important that athletes be gradually acclimatized to the

heat before vigorous exercise is undertaken. Generally, this
period should include 10-14 days of increasing levels of exercise
in the heat prior to prolonged participation.

(3) Most important is that athletes be encouraged to drink water.
They need to hydrate, before, during and after their exercise.

(4) Athletes undertaking daily exercise in the heat should monitor
their weight. Athletes whose weight is not returning to the pre-
vious day’s level should not be allowed to continue participation.

(6) Finally, athletes should be encouraged to get themselves in good
physical condition prior to beginning strenuous practices in a
high heat stress environment. Athletes who are in poor condition
and attempt to exercise in hot and humid conditions are much
more likely to have problems.

K. Other (MI, Bleeding)
1. Suspected Myocardial Infarction

a. More likely to effect older athletes or spectators with risk factors of
hypertension, diabetes mellitus, previously diagnosed heart disease,
smoking, hyperlipidemia, lack of regular exercise, positive family
history of coronary artery disease.

b. Symptoms include chest pain or tightness, diaphoresis, nausea, dys-
pnea, and feeling of impending doom.
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c. Early access to emergency department care is essential in decreasing
morbidity and mortality in myocardial infarction.

d. Immediate electrocardiographic monitoring, early use of aspirin (162
to 325 mg chewed), oxygen at high flow, nitroglycerin, and rapid
transport to the emergency department.

2. Bleeding

a. Bleeding must be controlled with attention to preventing blood con-
tamination of other athletic personnel and the physician.

b. Direct pressure over the wound using sterile gauze held in gloved
hand is usually sufficient to stop bleeding.

c. Excessive bleeding or arterial bleeding, may require emergency
department transportation to control bleeding or, in extreme cir-
cumstances, blood transfusion.

d. The blood-contaminated materials must be disposed of following
universal precautions.

luYoutod Readings

Mellion MB, Walsh WM, Shelton GL (Eds.): The Team Physician’s Handbook, 2nd
Kdition. Hanley and Belfus, Philadelphia, 1997.

'I-II0-7R, Massimino F (Eds.): ACSM™s Essentials of Sports Medicine. Mosby, St. Louis,
107,

t atu RC (Ed.): Neurologic Athletic Head and Neck Injuries. Clinics in Sports
Medicine 17(1). W. B. Saunders, Jan, 1998.

" wiale PD, Hulstyn MJ (Eds.): Primary care of the injured athlete (Part I and II),
'linicn in Sports Medicine 16(3 and 4). W. B. Saunders, Jul and Oct, 1997.



6. EVENT COVERAGE

William O. Roberts

I. Medical Team and Prevention Pianning
A. Mass-participation events have an inherent risk for medical casualties and
should be approached as planned disasters.

1. The primary purpose of the medical team is to ensure competitor safety.

2. A secondary purpose of the medical team is to prevent emergency room
overload.

3. The risks for different event types are unique, although the general
strategy for injury prevention and care is shared from event to event.

4. The weather, condition of participants, and exact field and course condi-
tions cannot always be predicted and will account for many of the event-
to-event differences in injury.

B. The medical operations planning and services can be divided into three
phases.

1. Pre-event phase prevention strategies

a. Develop primary prevention strategies to keep the risk of an event to
a minimum for the competitors.
b. Develop secondary prevention protocols to decrease severity of

injury.
2. During the event, implement secondary prevention strategies to halt
progression of injury or illness associated with the activity.
3. After the event, analyze the outcomes of the prevention strategies and
implement new strategies for the future.
C. Event physicians are not always covered by “Good Samaritan” laws.
1. Members of the medical team should inform their malpractice carriers.
2. Event insurance should extend coverage to the medical providers.

Il. Preparation for injury Care at Mass Participation Events

A. Anticipate and prepare for the common problems and the uncommon cata-
strophes associated with the event type from literature descriptions and
from data collection at each specific event.

B. The predicted incidence of injury during an event is used to project the needs
for staff, supplies, and equipment and can be estimated by the equation:
(Anticipated number of participants) x (casualty incidence).

1. The event-specific variables
a. can be calculated after 2 to 3 years of experience.
b. Based on literature ranges as follows:
(1) Running (41 km), 1% to 20%
(2) Running (<21 km), 1% to 5%
(3) Triathlon (225 km), 15% to 30%
(4) Nordic skiing (66 km), 6%
(5) Triathlon (61 km), 2% to 5%
(6) Cycling (variable), 6%
(7) Nordic skiing (55 km), 5%
2. The risk of sudden cardiac death in marathoning is in the range of
1:50,000 to 1:100,000 entrants.
C. Casualty types in an endurance event include
1. Exercise-associated collapse.
a. Hyperthermic
b. Normothermic
¢. Hypothermic
2. Trauma
a. Macrotrauma is common in collision and contact sports and in high-
velocity endurance events.
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b. Microtrauma is common in all repetitive activities and affects the

tissues most frequently used.

¢. Skin trauma is common in areas of friction and during falls.

3. Random medical emergencies of low incidence but high public visibility,
such as cardiac arrest, insulin shock, asthma, and anaphylaxis are life-
threatening and should be considered in the medical plan.

4. Drowning and near-drowning are risks in water events.

D. Medical protocols should be agreed upon in advance to speed the diagnosis
and treatment of multiple casualties. Some standard intervention protocols

include.

1. Exercise-associated collapse
a. Symptoms include exhaustion, fatigue, nausea, stomach crampes,

lightheadedness, heariacke, * .g cramps, and palpitations.

b. Signs include abnormal rectal temperature, unconsciousness,

altered mental status, central nervous system (CNS) changes,
mnblhty to walk unasasisted, leg muscle spasms, tachycardia, vomit-
ing, and diarrhea.

c. The classification scheme is outlined in Table 6-1.
d. The management protocol

(1) Diagnosis and documentation

(a) Initiating the medical record

i) Presenting symptoms

ii) Medical history

iii) Vital signs, including rectal temperature, blood pressure,

pulse, and respiration

iv) Mental status and orientation
v) Walking status

vi) Other physical examination findings

(2) Fluid replacement and redistribution

(a) Ambulation to promote the muscle pump in mild casualties
(b) Supine position if person unable to ambulate
(c) Elevation of legs and buttocks to restore pooled blood to the
circulation
(d) Oral fluid intake is the preferred method of rehydration in all
miild cases and in moderate cases (persons who can tolerate
oral intake)
(e) Intravenous fluids are administered when patient unable to
tolerate oral fluids.
i) Hyponatremia has been shown to occur in marathon and
longer races.
¢ May be a reason for poor response to treatment
* May be a reason to transfer a casualty who is not
responding to the usual treatment protocol

Table 6-1. Exercise-associated collapse

V'wiaieler Mild Moderate Severe
Wi thermic T2103°F (39.6°C) T2106°F(40.5°C) T2106°F (41°C)
tmothermic 97°F<T< 103°F 97°F<T<103°F 97°F<T< 103°F
Wy mithermic T<97°F(36°C) T<95°F (35°C) - T<90°F (32°C)
Hry aymptoms No apecific symp- Inadequate oral CNS changes
and signa toms or signs; intake, extra Unconsciousness
walk with or fluid loss, unable
without to walk, severe
assistance muscle spasm

1 444 eniral nervous system.
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il) Avoid administration of intravenous (I.V.) K* until the
serum K* is knmown.
iii) Lactate should not be used in hypothermic casualties.
(3) Temperature correction and maintenance
(a) Hyperthermic exercise-associated collapse (EAC)
i) Stop exercise.
ii) Move to cool or shaded area.
iii) Remove excess clothing.
iv) Institute active cooling (temperature > 1056°F) protocols:
(see Chapter 11) until cooled to 102°F.
v) Control continued muscle contractions with diazepam 1
to 5 mg by slow i.v. push.
vi) Monitor temperature every 5 to 10 minutes to assess effi-
cacy of treatment and avoid overcooling.
(b) Hypothermic EAC
i) Handle gently.
ii) Move to warm area.
iii) Remove wet clothing.
iv) Dry skin.
v) Insulate with blankets.
vi) Begin warming protocols (Chapter 12).
vii) Monitor temperature at regular intervals.
(¢) Normothermic EAC
i) Maintain temperature.
ii) Monitor temperature if not improving.
(4) Fuel supply for energy replacement
(a) Oral glucose solutions
(b) Intravenous (I.V.) glucose solutions with 5% dextrose
(c) Dextrose 50% in water (D50W) 50 ml by 1.V. push
(d) Blood glucose which can be measured from the great toe or
ear lobe before using a home glucose monitor
(6) Disposition
(a) Transfer to an emergency facility should be considered if
i) a casualty is not responding to usual treatment.
ii) a severe casualty is not responding rapidly.
iii) automatic transfers criteria are met.
(b) When clinically stable and normothermic, an athlete can be
discharged from the medical facility.
(c) Discharge instructions
i) Fluid and energy replacement
ii) Criteria for reevaluation
iii) Follow-up recommendations for severe casualties
2. Leg cramp protocol :
. A neural etiology is suggested by recent evidence
Fluid and fuel replacement.
. Assisted walking
. Avoidance of massage until athlete is well hydrated.
Medications
(1) Consider diazepam.
(a) 1 to 5-mg IV push
(2) Consider Mg** sulfate.
(a) 5-g.i.v. loading dose
3. Advanced cardiac life support
a. If cardiac arrest occurs,
(1) the chances of survival are low in the marathon, especially in the
last 16 km of the race.
(2) cardioversion should be attempted as soon as the cardiac rhythm
is determined.
(3) consider the following modifications to the ACLS protocol early
in the resuscitation effort:

PR DR
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(a) substrate repletion with 50% dextrose in water.
(b) high-dose intravenous epinephrine (5 to 10 mg).
(¢) sodium bicarbonate.

4. Anaphylaxis

a. Subcutaneous epinephrine

b. Intramuscular diphenhydramine (60 mg)

5. Insulin shock and/or hypoglycemia

a. Concentrated oral glucose solutions

b. Dextrose 60% in water (D50W) 50 ml by i.v. push

c. Subcutaneous glucagon

6. Advanced trauma life support.

a. For closed head injury and concussion in sports in which helmets,
are used, casualties should be transported with the athlete’s helmet
on if the airway is open and breathing is adequate.

E. Transfer protocols should be determined in advance.

1. Participants with suspected cardiac chest pain should be transported to
a hospital emergency facility rather than delayed by evaluation in the
medical facility at the race.

2. “Automatic transfers” at the Twin Cities Marathon include cardiac
arrest, respiratory arrest, hyperthermia with seizure, rectal tempera-
ture less than 94°F, and shock.

F. Integrate all protocols into the Emergency Medical Services system.

. Protecting the Athletes and Volunteers From Injury
A. Define hazardous conditions that will require the event administration to
alter, postpone, or cancel the activity.

1. The usual behavioral adaptations that an individual would follow in nor-
mal circumstances are relinquished to the medical team during athletic
contests. ;

2. Common conditions such as lightning, combined high heat and humid-
ity, cold stress, traction, wind speed, and air pollution can pose risk to
life and limb.

3. Consider the possibilities in advance and decide how the safety plan will
be implemented if conditions are deemed hazardous.

a. The safety plan should include an evacuation alternative and ade-
quate shelter or protection for participants and volunteers.

b. The protocol should be published in advance.

c. Risks of the event in the current conditions should be announced at
the start.

d. Volunteer safety should be considered in the event planning.

4. Heat and cold recommendations

a. The risk of heat illness increases above 65°F (18°C) or 50% relative
humidity.

-b. The American College of Sports Medicine has suggested a tempera-
ture cascade for risk modification in endurance running events uti-
lizing the wet bulb globe temperature (WBGT), which measures the
combined thermal stress from the wet bulb, dry bulb, and radiant
energy or black globe thermometers (WBT, DBT, BGT).

(1) The WBGT = 0.7 WBT + 0.2 BGT + 0.1 DBT.
(2) A WBGT thermometer can be purchased from Metrosonics,
Rochester, NY (1-716-334-7300).
(3) A WBGT can be calculated with the following tools:
(a) a sling psychrometer for dry and wet bulb temperatures.
(b) a copper toilet bulb painted flat black with an air condition-
ing thermometer positioned so that the sensor is in the cen-
. ter of the globe for black globe temperature.
c. A colored-flag system can be used to signal visually the thermal
injury risk of current weather conditions to competitors.
(1) The flags can be displayed at the start and at predetermined
sites along the course.
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(2) In conditions that are not expected to change the start may be
the only gite where the flag is displayed.
d. The modified American College of Sports Medicine color-coded flags
based on WBGT to indicate the risk of thermal stress are:
(1) Black flag: Extreme risk—WBGT is above 28°C (82°F).

(a) Races should be canceled, postponed, or modified if condi-
tions exceed this level at starting time.

(b) If the event cannot be cancelled, it may be prudent to advise
the participants of the risks and advise no competition.

(2) Red flag: High risk. WBGT is 23° to 28°C (73° to 82°F).

(a) This signal indicates that all runners should be aware that
heat injury is possible and any person particularly sensitive
to heat or humidity should probably not run.

(b) Advise participants to slow pace and stress hydration.

(3) Yellow flag: Moderate risk. WBGT is 18° to 23°C (65° to 73°F).

(a) The air temperature and radiant heat load will increase dur-
mgtheconneofthencelfeonductadmthemormngorearly
afternoon.

(4) Green flag: Low risk. WBGT is 10° to 18°C (50° to 65°F).

(a) This does not guarantee that heat injury will not occur—only
that the risk is low.

(b) Both hyperthermia and hypothermia can easily occur in this
temperature range.

(6) White flag: Lower risk for hyperthermia, but increasing risk for
hypothermia. WBGT is below 10°C. (50°F).

(a) Hypothermia may occur, especially in slow runners during
long races, and in wet and windy conditions.

(6) Blue flag: Increased risk for frostbite and hypothermia, especially
in fast—moving activities. Ambient temperature less than 20°C

(—4°F).

(a) Consider cancellation or postponement.

(b) Advise added layers of clothing.

B. An impaired competitor policy should be developed and published prior the
event to allow the medical staff the opportunity to intervene in cases of sus-
pected heat, cold illness, or suspected cardiovascular compromise.

1. No competitor should be disqualified for medical evaluation.
2. At the Twin Cities Marathon, to proceed in the race, an athlete must
a. be oriented to person, place, and time.
b. progress with straight-line movement toward the finigh.
c. maintain a good competitive posture.
d. look clinically fit.

C. Notify local hospital emergency rooms of the event date, location, start and
finish times, and the anticipated casualty types and numbers.

D. Preparticipation screening is probably not cost effective

1. It is useful to have a space on the back of the race bib for name, emer-
gency contact, health problems, allergies, and medications.

E. Education for competitors and volunteers

1. Competitor education should include safety measures and risks for the
competitors, recommended fitness levels, hydration recommendations,
and medical volunteer identification.

2. Medical volunteers should

a. “first dono harm.” .

b. stay within the limits of training for medical services and licensure.
c. for recurrent events, use standard colors or uniforms.

d. be readily available.

F. Race scheduling should be based on the geographic location and anticipated
environmental conditions.

1. The event should be planned with the safety of all the athletes given the
highest priority during a safe season of the year.
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2. Particular emphasis should be directed to the start and finish times,
which can markedly alter the injury rates for heat and cold stress.

In potentially hot, humid conditions it is best to start in the early
morning hours, that the race will be completed before the tempera-
tures rise into high-risk ranges.

G. Course considerations
1. The start should be located away from steep downhill areas, especially if
wheelchair athletes are to participate.

Some variations that may decrease the risk of injury due to crowding
at the start include wave (sequential) and split starts.

2. The course should be assessed for hills, turns, and immovable objects,
traffic control, altitude changes, and open water, which may increase the
risk to the athletes.

3. The type and location of course aid stations should be established.

The options include major aid stations that provide full medical care
and minor aid stations that provide comfqrt care, fluids, and first
aid.

. Aid stations should be located every 15 to 20 minutes according to the

average race pace along the course, i.e., at intervals corresponding to

about 15 or 20 minutes of race time. The interval may need to be

shortened for very large fields to improve access.

(1) An alternative to a fixed aid station are mobile medical aid teams
in buses or vans supplied with medical equipment.

. First-response teams on motorcycles or bicycles equipped with an

automatic defibrillator can decrease the time to defibrillation in
cases of cardiac arrest.

. Some form of shelter for participants who drop out will be necessary

in inclement weather.

(1) School buses can be used for drop outs who are well

(2) A stationary ambulance or tent provides shelter for drop outs
who are ill.

4. The finish area should be equipped and staffed as a major medncal sta-
tion or field hospital.

The medical area can be subdivided into triage, intensive medical,

intensive trauma, minor medical, minor trauma, and skin areas (or

tents).

(1) A medical records coordinator and crew is useful to improve col-
lection of medical data.

. The medical team will also be responsible for triage in the finish lme

chute and postchute areas.
(1) Sweep teams should patrol the remaining finish areas for casual-
ties.

. An advanced life support ambulance should be available for immedi-

ate transport to the nearest hospital emergency facility.

. Shelter should be available for finishers who are well.
. A dry clothes shuttle should be provided from the start to the finish

area to ensure that warm dry clothing is available to the participants

at the finish.

(1) In cold conditions, a portable clothes dryer will allow casualties
to dry sweaty clothing and to leave the medical area when imme-
diate access to dry clothing is not available.

H. Transportation for competitors who cannot finish the event.
1. Competitors who drop out, even if well will need some form of trans-
portation to the finish area.

10% to 40% of entrants may drop out.

2. Il or injured competitors will have to be transported to prevent progres-
sion of illness or injury.

3. In the finish area, wheelchairs, litters, and stretchers are used to trans-
port casualties who are unable to walk with assistance.
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I. A bloodborne pathogens polwy should be implemented, using modlﬁed uni-
versal precautions as a minimum standard.
1. Sharps and contaminated waste disposal should be provided.
J. If a death or other adverse medical event occurs a protocol should be in place
to inform the relatives and the news media.

IV. Supplies, Equipment, and Staffing for a Mass Particlpation Event

A. Fluids and foods should be available at the start, finish, and transition
areas, and at every fluid station along the course.

1. Fluid stations should be located at every 15-20 minutes (of the race
pace) and every 10 minutes of the race pace for very large fields (more
than 15,000).

2. Fluid quantities

a. Provide 6 to 12 ounces of each fluid for each competitor at each loca-
tion.

(1) Double the fluid amounts for the start, finish, and transition
areas.

3. Fluid types

a. Water will suffice for shorter races.

b. Carbohydrate-electrolyte solutions can improve performance for
events lasting longer than 50 minutes and may be safer for running
distances greater than 42 km.

(1) Decrease the nsk of water overload and hyponatremia.

4. Cups

a. Provide three cups per entrant per aid station.

b. Provide six per entrant at start, finish, and transition areas.

5. High carbohydrate foods and fruits should be available at the finish and
along the course for longer events.

a. Select foods based on the preferences of the competitors.

6. The fluid and food types and course locations should be published in ad-
vance of the event so that the competitors can use the same fluids in
training.

B. The equipment and medical supplies for a major aid station are shown in
Tables 6-2 to 6-4, those for minor aid stations are shown in Table 6-5.

1. Intravenous fluids recommended for events are as follows:

a. less than 4 hours—D,!/, NS or Dy NS.

b. more than 4 hours—Ds NS

c. It is prudent to avoid fluids containing K* until a serum K* has been
measured.

2. Medications that have proven useful at the Twin Cities Marathon and
other races include

a. Advanced cardiac life support (ACLS) drug kits with epinephrine,
atropine, lidocaine, procainamide, bretylium, verapamil, Na bicar-
bonate, morphine, Dgoa W.

b. DgoaW.

c. Albuterol MDI and nebulizer.

d. Epinephrine (Epi-pen).

e. Antihistamine.

f. Valium.

g. Acetominophen.
C. Stafﬁng the medical team

1. Physicians, acute care nurses, paramedics, emergency medical techni-
cians, certified athletic trainers, persons trained in first aid, and non-
medical assistants form the medical team.

2. Common sources of medical volunteers apart from the hospital and
clinic staff include the American Red Cross, Explorer Scouts, community
ambulance services, National Ski Patrol, Civil Bicycle Patrol, Civil
Defense, and the National Guard or Armed Services Reserves.
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Table 6-2." Medical supplies for an event®

ulpment
Jandage scissors
Bntteries
Blue light
Cone
('otton tip applicators
Cups
Kmesis bags (airline
type)
Kmesis basin
Kxamination gloves
Kyeo patch pads
Flashlight
Fluorescence stain
strips
Meoasuring tape
Moist towelettes
(individual)
Oto-ophthalmoscope
I’aper :
’aper bage (lunch size)
Fon
IMastic bags (Ziploc)
Rod bag
Heflex hammer
Mafoty pins
Nharps box
Mlings
Hphygmomanometer
Htothoscope suction:
machine
‘I'hermometer (rectal):
Clinical
High temperature
low temperature
'I''n snips
‘l'ongue blades
Urinals
Water jug
Vor trauma
Aluminum padded
aplint
Ibnck board
Mnnkets
C'nat padding (3", 4”,
6 rolls)
t‘arvical collar (hard)
Corvical collar (soft)
Crutches
Klastic bandage (2”7, 3”,
4”, 6" rolls)
tinrbnge bags

leo

Ice chest
Knee immobilizer
Plastic bags
Sand bags
Screwdriver
Splints
cardboard
inflatable
Stretcher
Turkey baster
(suction bulb)

For skin and wound
care
Lidocaine 1%
Alcohol swabs
Bacitracin ointment
Band-Aids
Benzoin adherent
Elastic bandage
4" & 6”)
Forceps
Irrigation syringe
or bag
Kling gauze
Nasal packing
- Needle holder
Needles (30, 25, 22, and
18 gauge)
Normal saline for
irrigation (260 mL to
1,000 mL)
Petroleum jelly
Provodine iodine rolls)
Scalpel (#10, #15, #11)
Scissors
Silvadene cream
Soap (small can shave
cream)
Steri-strips
Sterile gloves
Sterile barrier (full and
fenestrated)
Sterile dressing (2"x2",
4"%4", 8"<TY2")
Sterile basin
Suture (3-0,4-0, and
6-0 nylon)
Suture kits
Syringes (10 cc, 5 cc,
and 3 cc)
Tape
Adhesive (2", 17, 27)
Paper (1/2”, 1” rolls)

For airway & ALCS
Bulb suction or turkey
baster
Cricothyrotomy kit
Defibrillator and
monitor
Endotracheal tubes
* (3 mm, 56 mm, 7 mm)
Laryngoscope (plastic—
adult and pediatric
size)
Mouth-to-mouth mask
Nasal pharyngeal
airway (three sizes)
Oral airway (three
sizes)

Oxygen tank and
administration set
Ventilation bag, mask,
and reservoir with

CO0, whipple
Intravenous fluid -
Butterfly catheter
(18, 22, and 26
gauge)
D5% /2 NS (or D6%NS)
- 6500 mL
Intravenous
administration sets
Tourniquet
Vein catheters (16, 18,
and 22 gauge)
Medications
Acetaminophen
Albuterol nebs
Albuterol MDI
Atropine
Cardiac
DsoW (50 mL)
Demerol
Diazepam
Diphenhydramine
Epinephrine 1:10,000
Epinephrine 1:1,000
Lidocaine (Local)
Morphine
Sodium bicarbonate
Naloxone
Nitroglycerin SL
Opthaine
Propranolol
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Table 6-3. Equipment for mass participation endurance events
at major aid stations®

Air conditioner
Ambulance: advanced cardiac life support (1)
Blankets, wool or synthetic (160)
Chairs (12)
Clothes dryer, portable
Cots (50)
Extension cords (3)
Fans
Flashlights (6)
Heater (1 propane gas with fuel for 8 hours)
Ice (6 bags, large)
Lights (trouble or clamp) (12)
Massage towels (100)
Mylar-aluminum or plastic blankets (6,000)
Plug strips (3)
Portable toilet (1 at finish tent)
Portable electric generator (1)
Portable telephone (1)
Respiratory humidifier (2)
Security fencing (400 feet)
Shelter
Tents (1—30 x 50 in finish area)
Vehicles
Buildings
Stretchers
Tables (6)
Tubs for immersion cooling
Wash stand (1 at finish tent)
Wheelchairs (10)

*See Table 1. N

5Twin Cities Marathon numbers for 6,500 participants and an injury rate of 1.8 per 1,000
entrants.

¢Larger size required for higher injury rates.

Table 6-4. Medical supplies for mass participation endurance events
at major aid stations®

#11 acalpel blades (100)*

1/8” cord (100 feety

Advance cardiac life support kits (3)
Autolet (1)

Blood glucose sticks (1 box)
Clipboards (50)

Contaminated waste container bag (2)
DgoW, 50-mL preloads (50)
Defibrillator-monitor pack (1)
Diaper pins (3 dozen)

Examination gloves (3 boxes)

Facial tissue (6 boxes)

Home glucose monitor (1)
Intravenous set-ups (60)



Table 6-4. (continued)

6. Event Coverage 63

intravenous fluids 500-mL bags
1 NS for events >4 hours
1)8 'ANS for events <4 hours (50)
Medical record forms (200)
Oaygen tanks with regulators and masks (2)
1'sns (80)
I'hysician’s kit (see Chapter 5A)
Kharp instrument disposal container (2)
‘Termometer covers (200)
Tharmometers (rectal)
ligh-temperature range—110°F (1)
Clinical (200) ,
low-temperature range-70°F (10)
Wet wipes (6 boxes)

NN, normal saline.
* Keolimate numbers for expected casualties.

*I'win Cities Marathon numbers for 6,500 participants and an injury rate of 1.8 per 1000

sulrants.
" Tw hang intravenous bags.

Table 8-5. Minor aid station supplies

#1) scapel blades

4«4 gause pads

Alhuterol MDI .
Almbhol or betadine preps
Automatic defibrillator
Havitracin ointment
Hand-Aids

'haire

{'linical rectal thermometer
'phoard

(N7 T]

Klastic wrap

Kmeais bags

Vacial tissue

tiarhage bags®
Handi-wipes

lee

Mendical record forms
Mulaakin

Mylar or plastic “blankets”
Nun aterile tongue blades
1'aper towels

Pan

Punlight

1"whot ventimask

Vape (adhesive) Y2” and 17
Vassline, 14 jars (3-6)
Wil hlankets

“t wi haad and arm holes to make windbreaker.
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Table 6-6. Injury record form®

(side 1)

MARATHON MEDICAL RECORD - CONFIDENTIAL 19__

Race#_____ Location: Finish / Aid Station Mile Arrivel time
Name i time

Age _____ Gender M/F Finish Time Best previous time

Previous marathons: Entered Finished

Weekly Mileage Pre-race injury/illness Y / N Describe:

Skin, Bones, & Joints

Complaint: Pain Blister Abrasion Bleeding Cramps Swelling
Other
Tissue: Skin Muscle Tendon Ligament Bone
Other -
Location: Toe R/L Knee R/L
Foot R/L Thigh R/L
Ankle R/L Hip R/L
Calf R/L Back R/L
Other
Diagnosis: Blister Tendinitis
Sprain Abrasion
Strain Cramps
Bursitis Stress Fx (suspected)
Fasciitis
Other
Notes:
(side 2) , .
Medical Problems Armrival time _ .
Race#___ Discharge time _____
Symptoms & Signs
Exhaustion Lightheaded Stomach cramps
Fatigue Confused Leg cramps
Hot or Fever Headache Rapid heart rate
Vomiting Nausea Palpitations
Unconscious CNS changes Muscle spasms
Other

Mental Status: Alert or Responds to: Voice / Touch / Pain

Orientation: Person/Place/Time
Walking Status: Alone / With assistance / Unable
Other

Time Temp BP Pulse IV fluids Meds/Rx

(rectal)

Notes:
Diagnosis
EAC Other IV fluid Y/N
Hyperthermic: mild / mod/severe DsoW Y/N
Normothermic: mild / mod/severe ER transfer Y/N
Hypothermic: mild / mod / severe Discharge home Y/N

2This form can be printed on two sides of a 8 /2" x 5 !/2" heavy paper card.
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D. Communications systems should be developed for the medical team to con-
verse with spotters and medical personnel on the course and at the aid sta-
tions. '

1. Such systems can be achieved with portable or hard-wire phonea or
hand-held radios.

2. Communications can be coordinated through a central dispatcher
located in the medical area at the finish.

3. The emergency phones access system with 911 can be used in urban
areas by any volunteer to summon an ambulance.

K. Medical and race records should be kept to document care, calculate inci-
dence of casualties, project future needs, research injury rates and trends,
and document environmental conditions. An example is shown in Table 6-6.

V. Postrace Review
Conduct a postrace review to determine what went right and what went wrong
and to develop proposed changes to improve the medical delivery system.

Vi. Summary
A. Competitor safety is the primary goal of the medical team.
1. Prevent injuries by not permitting unsafe activity.
2. Stop the progression of injury once it has occurred.
3. Relieve the emergency rooms of minor casualties.

Suggested Readings

American College of Sports Medicine. Position statement on the prevention of ther-
mal injuries during distance running. Med Sci Sports Exerc 1985; 17:9-14, (to be
rwissued in 1996). '

Kline 8, Roberts WO, Thorson DC. Team sports in hot weather: guidelines for modi-
tying youth soccer. Physician Sportsmed 1991; 19:67-80.

Junes BH, WO Roberts. Medical management of endurance events, In: Guidelines for
the team physician. Cantu RC, Michell LJ, eds. Philadelphia: Lea & Febiger,
1991:Ch. 28 in ACSM.

l.aird RH. Medical care at ultra endurance triathlons. Med Sci Sports Exerc 1989; 21
tauppl 5):222-5 1989.

fuherta WO. Exercise associated collapse in endurance events: a classification sys-
tam. Physician Sports Med 1989; 17:49-55.

Nubertson J. Sports medicine manual for long distance running. Indianapolis: The
Athletics Congresa/USA. 1986.
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! BUILDING AEROBIC POWER

(.arl Foster and Curtis Brackenbury

Whether an athlete is simply beginning systematic training for an upcoming season
ur iu recovering from some particular illness or injury, the term “get in shape” will
almost invariably be used. Other than applying to some ultraspecialized athletes
10.y., competitive weight lifters), the term “get into shape” almost invariably implies
improving aerobic power. Even athletes in sports that are largely anaerobic in terms
of the specific energy systems used during competition (football, baseball) find that
prescason improvements in aerobic power allow better recovery during subsequent
sport specific practices. Therefore, with very few exceptions, building aerobic power is
u conditioning factor common to all athletic participants.

Assessment . ) :
Kxcept in older persons, those with known cardiovascular, respiratory, or metabolic
linease or risk factors for developing these diseases, there are few contraindications
to nerobic exercise training that are not otherwise included in the preparticipation
physical or under the term “good clinical judgment.” Accordingly, diagnostic testing
v probably not indicated for most patients likely to be treated by “sports medicine”
physicians. However, many of the same techniques that are used with diagnostic
¥raded exercise testing can be useful in terms of assessing exercise capacity and pro-
viding advice regarding exercise training. Common to most exercise capacity tests is
evaluation of the maximum oxygen uptake (Vo,ma,), which is regarded as the best sin-
kle index of aerobic power.V, ., can be expressed in a variety of ways. Most common
are: (1) the gross value (L/min), (2) the value normalized for body size (ml/min/kg
body weight), (3) the value normalized for body size and an assumed average resting
metabolic rate (METSs), or (4) normalized as percentages of age- and sex-associated
norms. All have their place. In ordinary clinical practice (without the availability of
uns exchange'technology necessary for the direct measurement of Voyma,), the use of
vither METs or percentage predicted values is probably most useful.

The Bruce treadmill protocol is the exercise test most commonly used in the United
States and can serve equally well for diagnostic studies or for simple exercise capac-
ity assessment (Table 7-1). With either a portable heart rate (HR) monitor or electro-
cardiogram (ECQG), the maximal HR can be determined. Because much of exercise
prescription is based on HR and because the individual maximal HR is widely vari-
uble in relation to norms, advice about how to train effectively is best given based on
1 measured maximal HR. Under ideal conditions, the exercise protocol will be com-
pleted without use of handrail support. However, a large percentage of athletes will
feel compelled to use the handrails during their exercise test. Because equations for
estimating Vo,mes are available for both nonhandrail-supported and handrail-
supported exercise (Table 7-1), whether the patient uses handrail support or not is
not critical. If it is inconvenient to use the Bruce treadmill protocol, recent data sug-
gest that Vg, can be estimated from the estimated Vo, requirement of the last
treadmill exercise stage completed without reference to a specific exercise protocol on
the basis of the following equations:

Vogmax = 0.69 * (V02 requirement) + 3.3 (handrail support allowed).
V(,Zm,,, =0.87 * (\'/02 requirement) — 7.1 (no handrail support allowed).

A calibrated cycle ergometer can be used just as effectively as treadmill testing to
assess exercise capacity The exercise capacity must be corrected for body size since
large unfit persons will still have a fairly high absolute exercise capacity measured in
watts. On the basis of an exercise protocol that increases 25 W/min, METSs can be esti-
mated from the Watts of the last completed stage and body weight shown in Table 7-2.
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Table 7-1. Treadmill exercise protocols

Bruce
METSs achieved

Time Speed Grade

(min) (mph) (%) No HRS With HRS
1 1.7 10 1.8 1.7
2 1.7 10 3.0 2.9
3 1.7 10 4.6 44
4 25 12 5.2 6.0
5 26 12 6.0 5.6
6 2.5 12 6.6 6.4
7 34 14 73 6.9
8 34 14 8.2 16
9 34 14 8.6 8.3

10 4.2 16 9.7 9.0

11 4.2 16 11.0 9.6

12 42 16 12.1 10.3

13 5.0 18 13.3 11.0

14 5.0 18 14.5 116

15 5.0 18 16.7 12.2

16 5.5 20 16.8 12.9

17 6.6 20 17.9 13.6

18 5.5 20 18.9 14.2

Modified Bruce
METs achieved

Time Speed Grade -

(min) (mph) (%) No HRS With HRS
1 14 0 18 1.7
2 1.7 5 3.0 2.9
3 1.7 10 4.6 44
4 2.0 11 5.2 5.0
5 2.4 11 6.0 5.6
6 2.5 12 6.6 6.4
7 28 14 7.3 6.9
8 3.2 14 8.2 7.6
9 34 14 8.6 8.3

10 3.6 16 9.7 9.0

11 3.8 16 11.0 9.6

12 4.2 16 12.1 10.3

13 4.2 18 13.3 11.0

14 4.6 18 14.5 11.6

15 5.0 18 15.7 12.2

16 5.0 20 16.8 12.9

17 5.3 20 179 13.6

18 5.5 20 189 14.2
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Table 7-3. Predicted values

Male Female Male Female

Treadmill Treadmill Cycle Cycle

Ay Max HR METs METs METs METs
urINNY 200.000 14.000 11.600 12.150 9.760
14 tHH) 198.000 13.700 11.400 11.850 9.550
INRLET) 196.000 13.400 11.200 11.550 9.350
1NN 194.000 13.100 11.000 11.260 9.150
ININN) 192.000 12.700 10.800 10.850 8.950
WY IHK) 190.000 12.400 10.500 10.550 8.650
1) ) 188.000 12.100 10.300 10.250 8.450
LT 186.000 11.800 10.100 9.950 8.250
[OREI] 184.000 11.500 9.900 9.650 8.050
INK) 182.000 11.200 9.700 9.350 7.850
10NN 180.000 -~ 10.900 9.500 9.050 7.650
RRLL]) 178.000 10.500 9.300 8.650 7.450
YR 176.000 10.200 9.100 8.350 7.250
104 IMH) 174.000 9.900 8.900 8.050 7.060
1 IHN) 172.000 9.600 8.600 7.750 6.750
1) 170.000 9.300 8.400 7.450 6.550

SO 168.000 9.000 8.200 7.150 6.350
N 166.000 8.700 8.000 6.850 6.150
RN 164.000 8.300 7.800 6.450 5.950
o 162.000 8.000 -7.600 6.150 5.750
I 160.000 7.700 7.400 5.850 5.550
TPRTT1] 158.000 7.400 7.200 5.550 5.350
IXRITN 166.000 7.100 6.900 5.250 5.050
w0 164.000 6.800 6.700 4.950 : 4.860
oo 152.000 6.500 6.500 4.650 4.650
T 160.000 6.100 6.300 4.250 4.450
1) IHN) 148.000 5.800 6.100 3.950 4.260
IR 146.000 5.500 5.900 3.650 4.050
N 144.000 5.200 5.700 3.350 3.850
[LXCLT 142.000 4.900 5.500 3.050 3.650
LT ] 140.000 4.600 5.300 2.760 3.460

LPRE(T] 138.000 4.300 5.100 2.450 3.250

MP e ;v-rngn reating metabolic rate; HR, heart rate.

Nunintive values for METs during both treadmill and cycle ergometer exercise
1vwta in relation to age and sex are shown in Table 7-3. These normative values are
haaed un sodentary North American populations, with a “normal” range of variation
480 1o 1 16% predicted. Accordingly, in most sports medicine applications (e.g., pre-

=+=~un evinluations) exercise capacities in excess of 115% of predicted values probably
v=presont minimal levels of fitness and 130% of predicted values represents more
Arapranhile lovels of aerobic power. .

Fhere nre a variety of field tests for Vo,p.,. For younger and/or more athletic per-
awun (he hest currently available test is based on the relationship between Vo,
awl performance in a 1-mile run/walk, modified by age, sex, and body mass index
AtH “I'he full equation is:

v vl e kg 1) =108.94 - B.41x(Mile) + 0.34(mile)? + 0.21(Age * Sex) - 0.84(BMI),

w bt Mile in 1 mile run/walk time in minutes, sex = 0 if female and 1 if male, and
Ml - hg/m?,

hi the lnat few years, the use of portable enzyme-based blood lactate analyzers has
had mignificant impact on the assessment of exercise capacity for several reasons:
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(1) Blood lactate may be a more accurate marker of sustainable exercise capacity
than Vgoma,, (2) maximal testing may not be required, (3) HR targets for exercise
training can be developed on the basis of the blood lactate response to exercise, (4) the
portability of HR monitors and blood lactate analyzers facilitate field evaluation.
Normative data have been less systematically collected for blood lactate responses to
exercise than for Vo,,... At present, evaluation of exercise capacity using blood lac-
tate technology is, like gas exchange technology, beyond the scope of most clinical set-
tings and requires the support of appropriately trained exercise physiologists.

Tralning Guidelines

Exercise works in much the same dose—effect/dose—side effect way as most drugs. The
components of exercise dose are the frequency, intensity, and time (FIT) of the exer-
cise session. Frequency and time of training are fairly easy to assess. In many sports
medicine applications (e.g., general fitness), training frequencies of three to four
times weekly for 20 to 40 minutes produce excellent results. Obviously, in athletes
who are particularly dependent on endurance, greater total amounts of training are
indicated. However, even the most serious endurance athletes rarely perform more
than three to five “heavy” training aessions per week. Generally, increases in Vggnex
of about 20% are possible in previously sedentary individuals in 6 months of training.
Generally, the fitter the person at the beginning of the training period, the less
improvement will be observed. Although more difficult to obtain, blood lactate-based
methods of assessment will be more revealing of changes occurring in already athletic
persons than of changes in Vo, 0r incremental exercise test performance.

Most of the “art” of prescribing exercise is related to intensity, which may be
assessed in relation to % Voymas, % HRiper, ZHR reserve (difference between resting
and maximal HR), or HR in relation to blood lactate. At the same time, intensity is
the factor most potent relative to the development of basic endurance and the most
difficult to manage relative to side effects. The more rapidly a person wishes to
achieve desired levels of fitness, the more important is intensity. With fairly intense
training, very good progress may be evident in as little as a few weeks. We have
observed increases of 5% to 10% in Voymax (1/min) in speed skaters and ice hockey
players (who are quite fit even during vacation periods) over the course of 10 weeks
of summer training. However, intense training is generally less comfortable and
requires a relatively well-motivated person.

General guidelines for exercise prescription are shown in Table 7-4. For serious
endurance athletes, the training plan is usually based on ZHR,,,, zones. The relative
proportion of training time with the HR in defined zones is the subject of intense
debate. Most authorities recommend that no more than 25% of the total training time
should be performed at loads exceeding the aerobic—anaerobic threshold (blood lac-
tate 2 4.0 mM or HR 2> 80% max). A simpler method of estimating exercise intensity
is the rating of perceived exertion (RPE), developed by Gunnar Borg of Sweden. This
method links quantitative indices of perceived exercise intensity and verbal anchors
(Table 7-5). For most purposes, RPE values of 3 to 4 relate to 60% to 70%HR,,, and
an RPE of 5 is approximately equivalent to 80%HR,,,,.

Interval Tralning

Many athletes prefer to use interval training (alternating hard and easy periods) to
allow development of both speed and endurance simultaneously. Interval training is
usually described in terms of the intensity of hard and easy segments, the duration of
the hard segment, and the ratio of hard to easy segments. For general conditioning,
an intensity that approximates the greatest achieved load during a maximal graded
exercise test, the average pace for a 1-mile run/walk, or 120% of the workload at a
blood lactate concentration of 4 mM represents a convenient intensity. For aerobic
training, fairly brief (10-20 seconds) hard segments with a ratio of 1:1 may be very
satisfactory. For young male athletes, this might be represented by 80- to 100-m runs
at about 1-mile pace with a new one beginning every 30 seconds. Continued for 15 to
20 minutes, such practice provides both aerobic training and fairly high muscular
loading. If the duration of the hard segments becomes greater than about 20 seconds,
the ratio of hard to easy must increase (often into the range of 1:2 to 1:4) and the
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Table 7-4. General guidelines for exercise training

I'at nmeter General fitness . Preseason fitness Endurance

Freguancy 34 times weekly 3-5 times weekly 6-10 times weekly
(2—4 hard sessions)

Ininnaily

iR, 60%-75% 70%-80% 60-70%, 256%

70-80%, 50%
80-90%, 15%
>90%, 10%

(TS 20—40 min 30—45 min 30-120 min
(weekly total 2

2.5 race duration)

v

wouerubic contribution to the exercise bout increases. With specialist endurance ath-
tuiea. the intensity of the hard segment is often reduced into the range of 90% of
i, or to the HR associated with a blood lactate concentration of
t wM The duration is often increased into the range of 3 to 5 minutes and the ratio
ot hurd Lo easy may be 2:1 to 5:1.

1'tnae-Tralning

Muauy nihletes prefer to use so-called cross-training either to meet general fitness
snale or W continue training despite injuries preventing sport specific training. If
mumculurly similiar training (e.g., cycling, stairclimbing, or water running by run-
orrsi n used, the training value of cross-training, on a minute-by-minute basis, is
veolmbly 76% of specific training. If this contributes to greater regularity of training,
«uninnzes the risk of injury in athletes making a comeback, or allows maintenance of
"hean during injuries, it is certainly worthwhile. If some sport-specific training can
-0l e performed, even muscularly dissimiliar training (e.g., swimming by runners)
probnhly has 50% of the value of sport-specific training on a minute-by-minute basis.

#rugression of Tralning

t e uf the hallmarks of aerobic training is its progressive nature. This is comparable
o upward titration of various pharmacologic agents. The general rule of thumb is
that the total training load should not progress more rapidly than about 10% a week.
Mo rupid progression of the training load is frequently associated with injuries. For
vunny nthletes beginning preparation from “ground zero” before an athletic “season,”

Table 7-5. Rating of perceived exertion scale (Borg Scale)

Rating Verbal description

0 Rest

Very easy

Easy

Moderate
Somewhat hard
Hard

Very hard

Very, very hard
Maximal

SOOI A WNH-

ot
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it is probably reasonable to start at about 15 minutes at an appropriate effort (70% to
80% HR,,,), three times weekly. Because this represents 45 minutes of effort weekly,
the ordinary progression would be about 4.5 minutes a week. Rounded, this would
suggest 20 minutes three times weekly in the second week, 20 minutes four times
weekly in the third week, and 25 minutes four times weekly in the fourth week, pro-
gressing to 30 minutes four to five times weekly in 10 weeks. For older or more ortho-
pedically fragile persons, the rate of progression might be slowed somewhat and/or
cross-training might be used to minimize the likelihood of orthopedic side effects.

Suggested Readings

American College of Sports Medicine. ACSM’s guidelines for exercise testing and pre-
scription, (5th ed.) Baltimore: Williams & Wilkins, 1995.

Cureton KJ, Sloniger MA, O’Bannon JP, Black DM, McCormack WP. A generalized
equation for prediction of VO2 peak from 1-mile run/walk performance. Med Sci
Sports Exerc 1995;27:445-51.

Edwards S. The heart rate monitor book. Sacramento: Fleet Feet Press, 1992.

Foster C, Lemberger K, Thompson NN. Functional translation of exercise responses
from graded exercise testing to exercise prescription. Am Heart J 1986;112:
1309-16.

Foster C, Crowe AJ, Daines E, et al. Predicting functional capacity during treadmill
testing independent of exercise protocol. Med Sci Sports Exerc 1996;28:752-76.

Maud PJ, Foster C, eds. Physiological assessment of human fitness. Champaign, IL:
Human Kinetics, 1995.

McConnell TR, Foster C, Conlin NC, Thompson NN. Prediction of functional capacity
during treadmill testing: effect of handrail support. J Cardiopulmonary Rehabil
1991;11:255-60.



h BUILDING STRENGTH

Wwilliam J. Kraemer and Fred S. Harman

& nervise Stimulus and Program Design

v the pant 25 years, strength training has gained widespread acceptability as an
swupantant component of a physical conditioning program for purposes ranging from
<pwn i proparation to improving physical fitness and health. Strength is only one per-
formunce variable of human skeletal muscle that can be improved using methods
svalving external resistance universally known as resistance training.

Fhe primary objectives in resistance exercise iraining programs are to prescribe
sy Ml ucute and chronic exercise regimens that result in improvements in muscular
strength, power, hypertrophy, and/or local muscular endurance. The types of pro-
wrwiim customized for specific attainment of these goals yield a variety of workout
dewiygnin (Table 8-1). The effectiveness of these prescriptions is dependent on the con-
N ation of the exercise stimulus so that chronic application of the exercise sessions
=pecificnlly dictates the body’s adaptational response. The program specificity is thus
A-hauul hy the frequency of exercise. The body’s adaptation to the frequency of train-
iy immfluenced by several factors regardless of the program design. These factors
i hude (1) individual genetic predisposition to exercise stimulus, (2) the pretraining
Nuoan fevel, and (3) age. The genetic “ceiling” is the primary basis for the absolute
Ivvel and/or magnitude of training adaptations. Pretraining fitness levels and age
determine the type of initial training program that can be tolerated and percentage
«l mprovement that will be observed. As a person progresses from an untrained to a
lvwined ntate, the magnitude of strength increases will be larger for untrained per-
«unn than for highly strength-trained athletes. It is important that the design of the
rewistnnee training program be tempered by realistic goals for training expectations.

Variables That Influence Training Adaptations

I'raining Specificity

k eorcine specificity is defined as the training adaptations achieved by training one
miiecle group that are not realized in other muscle groups. For example, training
alaptations resulting from training the thigh muscles are not realized by the muscles
in the nrms. Exercise adaptations are specifically related to the mode, velocity, and
muinbolic demands of exercise and to the joint angles used. Muscle that is not
1rew ruited will not realize any training adaptations.

P'vpw of Resistance Exercise
Musintance exercise training is the general heading that encompasses several types of
Iraining modalities.

| Jsometrics. Isometrics or static resistance training refers to a muscular action in
which no change occurs in length of the muscle. The generation of muscular force
s innuflicient to move the mass. This type of resistance training is performed
ngninst an immovable object such as a wall, a barbell, or a weight that exceeds the
maximal concentric strength capacity of the person. Visual feedback has been
shown to enhance isometric training resuits. Isometrics can be performed with
wunk muscle groups working against stronger anatomically opposed muscle
xroups. Increases in strength from isometric training are related to the number of
contractions performed, the duration of the contractions, the type contractions
(msbmaximal or maximal), and the frequency of training. Because in most studies
involving this type of training several of these variables are manipulated simulta-
neously, it is difficult to measure any one variable. In addition, this type of train-
ing i highly joint angle specific in that strength increases occur at the joint angle
truined and not necessarily at the remaining untrained angles. A carryover effect
uf nhout + 20 degrees around the joint angle at which training is directed.

77
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Table 8-1. Specific characteristics of workouts needed
to attain optimal training objectives®

One repetition maximum strength

TRAINING OBJECTIVE

Program characteristics

In choice of exercise, the specific types of muscle actions (e.g., concentric or
isometric etc.) and movement patterns needed are emphasized.

Exercises to be emphasized (e.g., large muscle groups) are performed earlier
than assistance exercises in a training session.

High-intensity (typically less than 10 RM) resistances are varied over time
(periodized) 1 to 5 RM (heavy); 6 to 10 RM (moderate); more than 10 RM (light).

A moderate to long duration of rest periods (2 to 7 minutes) are used, especially
when heavier resistances are lifted.

A moderate to a high number of sets (3 to 8 sets) is performed for major muscle
groups (a low to moderate number of sets is used for assistance exercises (1 to 3
sets)].

POWER

Program characteristics

In choice of exercise, the specific movement patterns for power development are
typically related to multijoint total body movements (e.g., Olympic-type exercises
such as power cleans, hang pulls and so on) when no momentum ends in a joint
when using free weights, eccentric actions are typically deemphasized.

Isokinetic, pneumatic, or hydraulic modalities are used for isolated joint high-
speed movements (e.g., bench press), so that deceleration of the mass is not
inappropriately promoted.

Exercises to be emphasized are performed earlier than assistance exercises in a
training session.

High-intensity (typically less than 10 RM) resistances are varied over the
training cycle [(periodized) 1 to 5 RM (90% to 100% of 1 RM) (heavy); 6 to 10 RM
(80% to 90% of 1 RM) (moderate); more than 12 RM (less than 80% of 1 RM) (light)],
yet rarely is a set of repetitions performed for more than five repetitions in a set,
whether a heavy, moderate, or light load is used. Power development lags behind
strength as to the load used. Therefore, in a specific set, the number of repetitions
performed will be slightly lower than the number in the RM load.

Duration of rest periods is moderate to long (more than 2 to 7 minutes); the
heavier the resistance the longer the length duration of the rest period.

A moderate to high number of exercise sets (3 to 6) is used. A low to moderate
number of sets is used for assistance exercises (1 to 3).

MUSCLE HYPERTROPHY

Program characteristics

The greatest possible variety of exercise choice or movement patterns, is used,
including a large amount of isolation exercises, along with use of concentric and
eccentric muscle actions.

A great variety of exercise orders is used; muscles to be emphasized being
exercised earlier in a session.

Moderate to high intensity (6 to 12 RM) is used; even greater numbers of
repetitions sometimes result when the intensity is lowered at the end of set and
additional repetitions are completed. Variation in loads with training is employed.

The rest period is brief (less than 1.5 minutes).

A multiple number of sets is performed per muscle group, including warmup
sets (3 to 10).
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Table 8-1. (continued)

Viae repetition maximum strength

1o Al MIUNCULAR ENDURANCE

1'vogram characteristies

i choice of exercise, the specific movement patterns and types of muscle
4 tionm needed are emphasized.

Muscles to be emphasized in training are exercised earlier in a workout.

Intensity is low (more than 12 RM)

leat periods are moderately long depending on the number of repetitions in the
-« tmore than 2 minutes).

A low to moderate number of sets is performed per exercise (2—4).

HAL ouetition maximum. )

¥ ne b ot the RM load ranges and rest period time ranges (approximate zones) shown implies the
e+ ul various narrower ranges within it, the zone depending on the training status of the trainee
asul the phase of the training cycle.

' ynamic constant external resistance. Also inappropriately termed “isotonic”
1aining, dynamic constant resistance training refers to training in which force is
penernted using a constant external load over the full range of motion (ROM). Free
weights and stack plate machines are the most common types of equipment.
luwever, the force generated by a muscle or muscles during the performance of
theae exercises is not constant through the full ROM, but varies with the mechan-
wnl ndvantage of the involved joint (i.e., strength curves).

I Concentric and ectentric. Dynamic muscle actions can be performed with two
1ypen of muscle actions. Concentric (muscle shortening) and eccentric (muscle
lengthening) actions constitute the two forms of a resistance exercise. The genera-
tin of muscular force is higher during the maximal eccentric muscle actions than
i 1 during maximal isometric or maximal concentric muscle actions. Training
with cecentric loads greater than 100% of the concentric 1 repetition maximum
M) has been shown to result in delayed muscle soreness, especially in untrained
permona at the start of a resistance training program.

+ Varlable resistance. Variable resistance exercise incorporates use of equipment
with n mechanical device (e.g., lever arm, cam, or pulley) that alters the resistance
throughout the ROM of the exercise in an attempt to match the increases and
decrennes in strength (strength curves) throughout the ROM of the exercise.
Mtudhen have demonstrated that although theoretically attractive, due to varia-
vionm in limb length, point of attachment of the muscle’s tendon to the bones, and
lnnly wize, the construct of one mechanical arrangement that would match the
»tyenyth curve of all persons for each particular exercise is difficult to conceive.

n laokinetics/hydraulice/pneumatics. Isokinetics refers to a muscular action
performed at a constant angular limb velocity. Unlike in other types of resistance
1onining, there is no set resistance to meet in isokinetics; rather, the velocity of
muvement is controlled. The resistance offered by the isokinetic apparatus cannot
b aeceelerated; any force applied against the apparatus results in an equal reac-
vinn force. Isokinetic, hydraulic, and pneumatic resistances allow rapid move-
menta with resistance but without development of a momentum curve because
there in no acceleration of a significant mass. Power development of isolated joints
appears to be most effective using these types of equipment.

hevelopment of a Single Workout

nevoral variables describe each resistance training session, and the combination of
vaiinblon in a training program determines the type of exercise stimulus presented to
the budy and, subsequently with training, the body’s adaptations. Five basic vari-
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ables describe a resistance training session: (1) choice of exercises, (2) order of exer-
cises, (3) intensity or load, (4) length of rest periods between sets and exercises, and
(6) number of sets. These are termed “acute program variables” and can be used to
describe any type of resistance exercise protocol. An infinite number of possible vari-
able combinations in an resistance exercise session may be implemented. Defining
exactly what is being done for each acute program variable during a training session
enables deliberate modifications in that program based on the adaptive responses of
the trainee to a known exercise prescription. A solid history of the needs of the
trainee (needs and goal analysis) helps in this process as it relates to the injury pre-
vention, biomechanical requirements of the sport being trained for, and sports meta-
bolic demands. Changes in the exercise prescription are based on the alterations
in the acute program variables. Clinical judgment based on testing and achieving
training goals provides a quantitative rationale for changes in‘A resistance training
program.

Choice of Exercise

The choice of exercise is related to the specific muscle actions that require training.
These decisions can be facilitated by an appropriate biomechanical analysis of the
sport and/or injury site profile performed in the needs analysis of the resistance exer-
cise program design process. Changes in the angle of the exercise functionally alters
the neuromuscular recruitment patter for the exercise. The type of muscle action (i.e.,
concentric, eccentric, or isometric) used will affect such variables as strength gains
made over the ROM and the spatial orientation of the exercise [i.e., two-dimensional
control in resistance exercise equipment (fixed-form movements) versus multidimen-
sional control in the use of free weights (free-form movements)]. Because the pre-
scription of exercise is based on the specific needs of the athlete, no one type of muscle
action is superior in every situation; the selection of exercise depends on good clinical
judgment. For example, isometric exercise may be indicated in a rehabilitation pro-
gram in which movement is limited. Conversely, dynamic concentric/eccentric exer-
cises may be necessary during training for a sport. Major considerations must be
given to the biomechanical specificity, safety of the exercise at the angle chosen, and
the ability of the method to provide appropriate recruitment of muscle fibers.

Order of Exercise

Conventional selection of exercises in resistance training programs has proceeded
from large to small muscle groups. In the past 20 years, some competitive lifters have
used “preexhaustion” methods in which the opposite sequence pattern of exercises is
used. Nevertheless, for maximum intensity to be achieved, large muscles are usually
exercised first in an exercise session when strength/power development is the pri-
mary concern. Other methods of ofdering the exercise include performance of the
more complex exercises first, pairing push/pull movements, and pairing exercises for
agonist/antagonist muscles. In circuit weight training, order should proceed from
arm to leg or arm-arm to leg-leg as the exercises move from station to station. This
order selection is related primarily to the pretraining fitness level of the individual.
The greater the experience level, the higher the tolerance for consecutive exercises
performed per muscle group. Because the resistance commonly used in circuit train-
ing is much lighter (40-60% of the 1 RM), this probably becomes more of a concern if
the resistance is increased or if the rest periods are reduced to less than 1 minute.
The order of exercise will dictate the degree of continuous stress placed on the mus-
cle or muscle group. For example, executing consecutive exercises for the pectorals
using the bench press, incline press, and dumbbell flys places an increased duration
of stress on the muscles of the chest than does use of the bench press, leg press, and
shoulder press.

Exercise Intensity

In resistance training, the intensity of the exercise is determined by the objectives of
the program (strength, hypertrophy, power, or local muscular endurance) and the
associated masses to be lifted. These resistances are commonly identified as the load
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«f the nnercises depending on the method of opposing force created by the exercise
«yuipment. The load is the acute program variable most studied because it is per-
vstvadl to be the primary component that elicits training adaptations. The basic strat-
~¢v unad to achieve training adaptations as well as provide a framework for decisions
+gmding intensity is the RM, which is the mass that permits the performance to
«shnuntion of a chosen number of repetitions without sacrifice of safe exercise form.
e HM in a continuum of training zones such as strength/power that is divided by
repatition number. Implied in this number is the load that will permit completion of
n anlocted RM (e.g., 10 RM) or completion within an RM zone (e.g., 3 to 56 RM). Also
Aim Insed by the RM is the associated level of strength of the individual (e.g., 1 RM
~punls maximal force production for slow velocities). From an administrative view-
1wt proacribing RM zones is much easier because one knows what the athlete is
= hinving during each training session. However, some exercises (e.g. Power exer-
+innm) wtill need to be prescribed by % of IRM as they cannot be performed to extreme
tubigun It is important not to go to complete failure to limit joint stress even when
neing RM zones!

1 cngtth of Rest Periods

In 1onintance training, the amount of rest allowed between sets and exercises must be
«wwifled in the program design. This variable appears to be related to the develop-
sunt of high-intensity muscular endurance and muscle hypertrophy. High volume
«iim « ropetitions) with moderate intensity (e.g., 8 to 10 RM) and short rest periods
wppwnsrn to be the primary configuration of the stimulus for development of excep-
thnl muscle hypertrophy. Toleration of short rest workouts is vital because han-
Al of moderately heavy loads (e.g., 10 RM) together with short rest period lengths
1 winute) can produce disruption in the acid/base system, as indicated by blood lac-
tale lovels ranging from 8 to 20 mM in young healthy adults. Circuit weight training,
w which short rest periods and light loads are used, has not demonstrated large
v reases in muscle hypertrophy, but high lactate levels have been observed (10 to
14 mM/1,). The associated moderately heavier loads (e.g., 10 RM) handled for suffi-
vt duration by moderately to highly trained athletes under such low rest condi-
thun mny interact with more optimal muscle tissue remodeling mechanisms in the
Jevelopment of greater hypertrophy. Manipulation of the rest period length allows
wintnbwlic configuration of the resistance training workout and will have impact on
the lmuls that can be handled for a given set of an exercise. Typically, in programs
lenigned for optimal development of strength and power, longer rest periods are used
“more than 2 minutes) allow greater recovery and the ability to lift heavier loads in
wm v mot of an exercise. The creative use of rest period length in a training session can
snve time and can also be a potent tool to stimulate physiologic adaptation specific to
the hinenergetics of the sport and physical demands placed on the muscle.

Number of Sets -~
I e number of sets performed for a given exercise has been another acute program
«niinble of considerable interest for 45 years or more. The use of multiple sets for an
wanicine still appears to be the most effective method of producing more rapid and
grentor absolute gains in strength, power, and muscle hypertrophy. In untrained
perwonn, few differences are observed in the first 8 to 12 weeks of training with
vrpard to the number of sets as exercise toleration improves. As longer (more than
+ munthu) programs continue, the volume (sets x repetitions) of exercise becomes
wore influential if improvements are still desired. Furthermore, the effects of higher
-uhumen of total work influence changes beyond strength, such as body composition,
+uloric expenditure, and local muscular endurance. The optimal number of sets
leponds on the specific goal of the program for that muscle or muscle group and on
the trnining level of the athlete. For example, early in a training program, due to the
lnw level of strength fitness, a person may not need much of a stimulus to create an
sinptational change. Therefore, performing only one or two sets of an exercise may
hw more than enough to stimulate the initial training adaptations. Furthermore,
same “ansistance” exercises may not require as many sets as the “core” or primary
(text continued on p. 83)
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Table 8-2. Sample program guidelines using periodization concepts

General Prepreparation phase. Six to 8 weeks used for general strength
conditioning to allow the individual to gain toleration of performing a strength
training program. Teaching of exercise technique should be stressed with light
resistance. Start at a low intensity that allows the trainee to perform at least 12 to
16 repetitions with resistance. Start with a low volume of exercise by using only one
or two sets and a low number of exercises. Add exercises as the trainee learns how
to perform the exercises properly. The key is to introduce the trainee to the concept
of a strength training workout. Usually large muscle group exercises are periodized
and small muscle group exercises (e.g., arm curls, leg curls) are performed with a
moderate intensity (8 to 10 RM). Nevertheless, these exercises can be periodized
like the large muscle group exercises. The number of times that the training cycle
phases are performed will be determined by the amount of time available before the
season begins. Several shorter cycles are believed to better than one long one;
therefore, the duration of each phase has been typically reduced to as little as 2-
week cycles. Typically, a minimum of 6 weeks is allowed for the three cycle phases
to be completed. Children (prepubescent) and older adults usually train two to three
times a week to ensure proper recovery.

Preparation phase. A cycle length of 2 to 4 weeks is chosen that will be used for all
of the following lift cycles. This phase formally starts a training cycle because the
number of exercises and initial toleration should already be established from the
prior cycle. Two to three sets of each exercise should be performed at an intensity
that allows 12 to 15 repetitions. This will create a high-volume, low intensity
stimulus. A rest period of 1 to 2 minutes is allowed between sets and exercises.

Power phase. Using the same cycle length of 2 to 4 weeks, the trainee uses a
resistance that allows only 8 to 10 repetitions and performs two to three sets of each
exercise. Rest periods of 1.5 to 2 minutes are allowed between sets and exercises.
Again technique ia stressed together with progression in the resistance that can be
used for the repetitions performed. Sets of 5 with 8-10 RM (70-85% of IRM) can be
used.

Strength phase. Using the same cycle length of two to four weeks and using a
resistance (children use a different resistance that allows 68 repetitions) that
allows only three to five repetitions. Trainees perform two to three sets of each
exercise. Rest periods of 2 to 2.5 minutes are used between sets and exercises. Again
technique is stressed together with progression in the resistance that can be used
{or the repetitions performed.

Transition phase. As the competitive sport season begins an “in season”

program is initiated. The in-season program may vary the workout between heavy,
light, and moderate intensities as used below in the method of periodized training.
The key is to maintain strength and power but, due to the sport season, to reduce
the total amount of exercise

NONLINEAR PERIODIZED TRAINING

1. Initially, a general prepreparation phase identical to that described is used.

2. In the nonlinear periodizing training method, 8- to 12- week cycles of training
are used: On different days, the trainee uses a light (12 to 15 RM, 2 to
3 sets, 1 to 2 minutes of rest) day; heavy (3 to 5 RM, 2 to 3 sets, 2 to 3 minutes of
rest) day or a moderate (8 to 10 RM, 2 to 3 sets, 1.2 to 2 minutes of rest) day.

The rationale is that varying the workout within the week allows the athlete

with adequate recovery and variation. At the end of a training cycle, the athlete
enters an in-season program using the same method of intensity variation but a
reduced number of exercises or sets to decrease the volume of training.
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rameines for a particular muscle group. Therefore, the acute program variable of the
number of sets is a potent tool in development of the exercise volume in a resistance
naining program. Not all exercises in a workout have to be performed for the same
number of sets.

Perlodization (Varlation in Tralning)

the primary value of periodization is the manipulation of trammg vanab]es such as
thn number of repetitions performed per set, the number of exercises performed, and
the rent periods between sets to provide for variation in training and optimize the
~wreime stimulus. The key to the modern concept of progressive overload is variation
nwil recovery from training. The body needs variation in the exercise stimulus and
r+enl Lo ¢enhance tissue remodeling. Periodized training has been shown to be superior
to mingle and constant set (e.g., three sets of 6 RM) training in building strength,
power, and muscle size. The benefits realized from these variable manipulations
i hude the controlled culmination of a peak athletic performance; larger gains in
«trangth, power, and muscular size; prevention of overuse injuries; prevention of
s training; and less boredom from training. Resistance training has one of the low-
rat liyury rates (children to adults) per exposure time if the rate of progression is not
v last and, most important, if proper exercise and spotting techniques are used. As
«:laptation to resistance exercise begins, the volume of exercise can be increased by
woulifying the program variables, such as intensity. Increases must be gradual and
shinuld match an individual’s ability to tolerate the exercise stress.

P'remmnture increases in an exercise program can lead to undue cardiovascular and
wusculoskeletal stress and possible injury. Yet without adequate overload, physio-
Iyt ndaptation of skeletal muscle does not occur. Therefore a balancing strategy is
i oflect whereby the exercise stress should be sufficient to elicit physiological adap-
tntion without causing injury. This condition is of special concern when resistance
~enicine programs are designed for sedentary persons and the elderly. The success of
» hisving the desired objectives of the resistance training program is dependent on
the hulunced emphasis of low injury incidence and appropriate degree of physiologic
«teomnor regardless of the type of exercise regimen or equipment used. This balance
anif the effectiveness of the program is achieved by periodic evaluation through test-
iy, nnd changes should be made when necessary. Table 8-2 provides some example
pogenm guidelines for resistance training using basic periodization concepts.
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9. FLEXIBILITY

Karl Anthony Salesi

Flexibility may be defined as the range of motion (ROM) possible at a given joint or
group of joints. It is therefore incorrect to say that someone is flexible, as the person
may be flexible only at a specific joint or joints and have limited motion at other joints,
which may limit the person’s ability to function normally. Lack of flexibility or hyper-
mobility both may result in awkward patterns of movement and may predispose an
athlete to muscular injury. Flexibility may be essential to achieving desired fitness
goals but, this idea is often based primarily on observation rather than research.

I. Neurophyslologic Basls
A. Muscle receptors are required for proper muscle function, as they provide

continuous information from each muscle to the nervous system.

1. The receptors provide information regarding muscle length and muscle
tension and how rapidly length or tension is changing.

2. Receptors that provide this information are muscle spindles, which are
found in the muscle belly and provide information on muscle length and
the rate of change of length.

3. The Golgi tendon organs in the musculotendinous junctions provide in-
formation on muscle tension and information on the rate of change in
tension.

H. Types of Responses .
A, Static response. The response of both the primary and secondary ending is to

provide information to the central nervous system (CNS) regarding length. The
muscle spindle is stretched slowly, and the neural impulses generated from
this deformation are transmitted from both the primary and secondary end-
ings. The impulse increases in direct proportion to the degree of the stretch.
These impulsea are transmitted as long as the receptor remains stretched; the
nuclear chain fibers are believed to be responsible for this function.

. Dynamic response. The dynamic response is a function of the primary end-

ings, where the muscle spindle is stretched suddenly. The powerful stimula-
tion of the primary endings results in the rapid rate of change in length and
causes extreme activity. The primary receptor transmits this increased
number of impulses only while the length is changing. When the length
ceases to increase, the rate of impulse charges decreases to the original level
except for a small static response. The nuclear bag fibers are believed to be
responasible.

. Stretch Reflex: This lends itself to the stretch reflex, sometimes termed the
myotatic reflex, which indicates that whenever a muscle is stretched, excitation
of the spindle causes a reflex contraction of the muscle.

A. Neurocircuitry of the stretch reflex. The stretch reflex is a monosynaptic

B.

pathway in the spinal cord that originates in the muscle spindle.

Dynamic Stretch Reflex. The dynamic stretch reflex is elicited by strong
afferent neural signals from the primary ending of the muscle spindle, where
the muscle is suddenly stretched. This signal is transmitted to the spinal
cord, which results in an instantaneous reflex contraction of the same mus-
cle from the site of origin of the the signal. The function of this response is to
oppose sudden changes in the length of the muscle, such as when a muscle
contraction opposes the stretch. This stimulation discontinues a fraction of a
second after the muscle stretches to its new length; however, a weak static
stretch reflex contraction persists for a prolonged time. This continues to
cause a muscle contraction as long as the muscle is maintained at its exces-
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sive length and is elicited by a continuous static receptor signal transmitted
by both the primary and secondary endings.

Athietio Tralning Application and Development of Flexibllity Programs
A ‘I'wo components of a stretch reflex include a phasic or jerky type stretching
and a static maintained stretching.
| The phasic response or the dynamic response is faster, stronger, and
causes a more synchronous discharge from the muscle spindle.
2. The static response, which is slower and weaker, causes an asynchro-
nous discharge from the spindle.
'he key to understanding flexibility is to understand the rate of response of the
stivtch reflex proportional to the amount and rate of stretching. An example is
lmiincing movements in stretching that cause the muscle to contract propor-
tional to the vigor of the bouncing.

Conlldomlom for Flexibllity Program
Time: 15 to 20 minutes to stretch the major muscle groups in an organized
manner to minimize time.

IV Location: Usually in a gym or field with utilization of all resources available.

' Sport: With concentration on different areas of the body that may be used
more frequently (Examples: Emphasis on upper-extremity flexibility exer-
cimes versus lower-extremity flexibility exercises for swimmers and soccer
players, respectively).

Therapeutic Methods
A The basics of stretching requu'e a thorough musculoskeletal examination to
rule out contraindjcations. The procedure or type of stretching depends on
type and seriousness of the injury. .
1. Passive stretching may indicate a more serious injury and may require a
stretched position to be held for 2 minutes in area of soft tissue restrictions.
2. Proprioceptive neuromuscular facilitation (PNF): Apply slight traction
to the joint to ensure minimal articular movement and have the athlete
contract all muscles and resist.

Types of Stretching

Miretching can be defined as any therapeutic maneuver designed to lengthen

tslongate) soft tissue structures and thereby increase range of motion (ROM).

A Ballistic stretching. A rapid stretching movement is often characterized as
bouncing. The bouncing method of toe touching, lateral flexion of the trunk
with the arms raised overhead, and the pectoral stretch executed by flinging
the arms in a transverse abducted position is often used.

1. Rapid stretches on muscles result in a partial contraction because the
stretch reflex is activated.

2. Ballistic stretching is ineffective in enhancing flexibility, promoting full

"ROM of motion of a joint as well as promoting relaxation of the muscle.

I}, Static stretching. Static stretching involves a slow stretch and maintenance
of the position for several seconds to 1 minute.

1. Static stretching is less likely to produce the myostatic stretch reflex.

2. Emphasize the importance of relaxing the stretched muscle and achiev-
ing full ROM.

¢ P’roprioceptive neuromuscular facilitation (PNF)

1. The muscle to be stretched is placed actively to its limited end ROM
(longest position).

2. The athlete forcefully isometrically contracts the muscle to be stretched,
using a partner or a wall. This forceful isometric contraction may stimu-
late the Golgi receptors so that relaxation may be facilitated in the mus-
cle immediately after the contraction. The athlete should contract in a
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graded manner to the maximum tension in 2 seconds and then hold for
a maximum of 4 seconds.

3. Immediately thereafter, a gentle external force is applied to the segment as
the athlete contracts the muscle group opposite to the group being
stretched (this stretch is maintained for 4 seconds and is then repeated).

Vill. The Optimal Method of Stretching
The purpose of stretching is to enhance the permanent lengthening and
relaxation of the muscle, which ultimately will lead to an increase in flexibility.
A. Slow static stretching is recommended and involves a low application force
of longer duration.

1. Easy stage. The muscle is slowly stretched with little resistance for 20 to
30 seconds and where relaxation should occur and the stretch reflex is
inhibited.

2. Developmental state. An added stretch is used and held for 30 seconds
or longer. No painful or drastic stretching should occur during this
period. The muscle has time to relax, and a stretch reflex is dissipated
again.

3. There is evidence that slow static stretching causes less muscle soreness
than ballistic stretching. Sudden tension is placed on the tissue during
ballistic stretching, which can result in small tears in the connective tis-
sue or muscle fibers that can lead to pain and swelling.

B. WARMUP
Warmup should involve only a related activity that puts the muscle at a
physiological advantage, i.e., the muscle actually heats up.

1. This increases cardiovascular and pulmonary responses whereby where
more oxygen is supplied to the working muscles, as a result of a more
rapid dissociation between O, and hemoglobin at higher temperatures.
Vascular responses decrease as oxygen becomes more accessible to the
cells. Metabolic processing increases; therefore, muscles improve their
ability to contract and relax, resulting in a more efficient and forceful con-
traction. As muscle viscosity diminishes, contractions become easier and
smoother, and more efficient and therefore require less energy. Activity of
the gamma nerve fibers decreases, in turn decreasing occurs and the sen-
sitivity of the muscle spindle to stretching, thereby relaxing the muscle.

2. Warmup should be intense enough to increase body temperature (5 min-
utes of progreasive muscular exercise) while avoiding general muscular
fatigue.

3. Warmup should include some movement specific to the activity.

4. The longer the event, generally the shorter the warmup.

5. Warmup before atretching is not advisable in a cool or cold environment.

C. Because flexibility is specific, stretching exercises should include specific
muscle groups used in the specific sport along with general flexibility exer-
cises for each of the major areas of the body.

1. Stretching will enhance flexibility only of the joints being stretched.

2. Because there are individual differences in flexibility, flexibility training
should not be a contest.

D. While cooling down stretching after post activity allows the following to
occur:

1. Permanent elongation

2. Reduction in muscle spasm (relaxation)

3. Removal of metabolic byproducts, reducing muscle soreness

IX. Stretching Application in Sports Medicine
A. Uses in rehabilitation
Stretching is applied to specific conditions in which adaptive shortening of
soft tissue around joints and the subsequent loss of ROM may result from
initial injury.
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1. Prolonged immobilization (e.g., casting or splinting) after a fracture or
surgery, leads to long-term static conditions and often faulty positioning
of joints and soft tissue.

2. Neuromuscular disease or trauma often leads to paralysis, spasticity,
muscular imbalance, weakness, pain, and difficulty moving through the
ROM.

3. Connective tissue and joint diseases lead to pain, muscular spasm,
inflammation, and weakness and can alter the structure of soft tissue.

4. Tissue pathology resulting from trauma leads to inflammation, edema,
ischemia, hemorrhage, and formation of dense fibrous tissue replacing
normal soft tissue. These soft tissues lose their normal elastic and plas-
tic properties, resulting in loss of motion.

B. Uses in injury prevention
Lack of normal flexibility (increased or decreased) potentially predisposes an
athlete to injury.

1. Full ROM is necessary for successful execution of athletic skills.

2. Normal resting lengths and adequate excursion of extensibility of the
muecle tendon unit may afford some protection against injury.

X. Stretching Programs and Usefulness In injury Prevention

A. An example of injury is repeated-use injury caused by of a sport that tends
to make a muscle too tight. Running increases the likelihood of developing
tightness in gastrocnemius and hamstring muscles. Such tightness in the
calf could interfere with normal foot function. Tightness in the hamstrings
could alter the movement of the leg during the swing phase of running.
Therefore, biomechanical problems of the foot or leg can be reduced by
proper implementation of a stretching program. Shoulder and elbow injuries
can increase the tightness of the external rotator and abductor muscle
groups. Therefore, lack of full ROM of a joint as well as lack of proper
mechanics could lead to overuse injuries.

B. Increased flexibility or hypermobility can also predispose an athlete to
injury; e.g., increased flexibility in the ankle joint can result in inability to
exert more force in some movements. However, without the proper amount of
strength and coordination to bear weight, the foot can be placed in' an inap-
propriate biomechanical position, predisposing the athlete to some type of
injury.

Xl. Indications and Contraindications for Stretching
A. Indications

1. When ROM is limited as a result of contracture, adhesions, and scar tis-
sue formation, leading to shortening of muscles, ligaments, connective
tissue, and ekin.

2. When contractures interfere with everyday functional activities and
activities of daily living (ADL).

3. When there is muscle weakness and opposing tissue tightness. Tight
muscles must be stretched before weak muscles can be effectively
strengthened.

B. Contraindications

1. When a bony block limits ROM.

2. After a recent fracture.

3. Whenever there is evidence of an acute inflammatory or infectious
process or when heat and swelling is evident in or around joints.

4. Whenever there is sharp acute pain during joint movement or muscle
elongation or when empty end feel is noted where there is no physical or
mechanical endpoint; e.g., sharp unusual pain often occurs in acute bur-
sitis during muscle stretching, because no real end of ROM is reached
due to pain.

5. When a hematoma or other indications of soft tissue trauma are
observed.
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6. When contractures are short and soft tissues are providing increased
joint stability in lieu of normal structure (or mechanical) stability or
muscle strength.

7. When contractures are short and soft tissues are the bases for increased
functional activities, particularly in athletes with paralysis or severe
muscle weakness.

8. When the point of movement stops or occurs before a normal atop or end
feel should have occurred. This may be evident in contracted ligaments
or capsules in someone with rheumatoid arthritis or osteoarthritis and
is termed premature end feel.

9. The point of movement occurs after a normal stop or extended end feel
(frequently termed instability hypermobility).
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10. THERMOREGULATION

Peter B. Raven

Bocause human energy generation for movement is only 25% efficient, 756% of our
metabolic energy production is added to the body as heat. When we perform pro-
longed exercise in ambient environments with temperatures above 22°C (71.6°F),
sxercise capacity is reduced. More important, when we exercise in excessive heat
(more than 30°C or 86°F) or high humidity (i.e., relative humidity above 50%; the
higher the humidity, the greater the danger), serious illness or death may occur if
ndequate care is not taken. Heat illness (or injury) occurs as thermoregulatory mech-
aniams fail to cope with the competing processes of external heat loss and metaboli-
cnlly produced heat. When this occurs, the body’s core temperature continues to rise
and heat illness may occur, especially if rectal temperature exceeds 39.0°C or
102.2°F. Heat illness has a broad spectrum of symptom severity, ranging from heat
cramps and heat-induced dehydration to heat exhaustion and heat stroke.

Thermoregulation

Thermoregulation is the physiologic process by which one’s body temperature is reg-
ulated. A generalized description of the regulatory process is to consider the body as
n balance. The balance point is the central temperature “set point” and is that tem-
perature at which the body’s core temperature is regulated. For this balance to be
maintained, heat lost must equal heat gained. Regulation of the body’s temperature
Is an active physiologic process; e.g., when the body is hot, it sweats. The regulated
central body temperature of the adult human is accepted as 98.6°F or 37°C and
ranges between 97°F (36.1°C) to 100.4°F (38.0°C). Oral temperature measurements
are approximately 1°F (0.6°C) less than rectal temperature. Core temperatures have
both a seasonal (hotter in summer than in winter) and a circadian or diurnal varia-
Lion of approximately 1°F, lowest in the morning (4 to 6 a.m.) and highest in late
afternoon (4 to 6 p.m.). Women have variations in core body temperature related to
ovulation; approximately 1°F increase in core temperature at ovulation in regularly
cyclic women. Besides the core temperature, the average skin temperature (Tsg) and
the average body temperature (T) are additional ways of describing the body tem-
perature. The skin temperature (Tgx) i8 the surface temperature and reflects the
ambient environmental temperature, especially in the cold (i.e., the skin is cold in
cold temperatures and hot in hot temperatures). The average body temperature (Tg)
in the sum of the weighted average core and skin temperatures:

Ty = 0.Tee + 0.3 Ts.

The physiologic factors that add heat to the body include metabolic heat from diges-
tion of food, unconscious tensing of muscles, exercise, and shivering. Environmental
heating of the naked body occurs at ambient temperatures above 82.4°F (28°C) and
with direct solar radiant heating.

The physiologic factors that result in heat loss are evaporation of sweat (major in
humans) and panting (minor in humans, except at high altitude and during
helium/oxygen breathing during scuba dives, in which respiratory heat loss can be
large). The environmental factors that result in heat loss of the naked body include
radiant, convective, and conductive heat transfer when the temperature of the envi-
ronment is less than 82.4°F (28°C).

The physiologic process of thermoregulation is an active process by which the body
physiologically responds to heat loss or heat gained. Heat is gained or lost according
to the thermodynamic principals, which encompass a set of physical concepts. The
first law of thermodynamics (i.e., heat lost equals heat gained), can be rewritten to
summate these physical concepts for humane: M+t W+ K+ Ct Rt E = S, where

921
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M is metabolism; W is Work [going uphill is positive work (+W) and going down hill
is negative work (-W)]); K is conduction; C is convection; R is radiation; E is evapora-
tion; and S is storage. Simply stated, the contracting muscles are the engine that gen-
erates heat (more heat is produced in going down hill than in going up hill) which is
added to the body. The blood is the coolant which picks up the heat from the muscles
and is pumped by the heart to the skin to allow cooling to occur through the physical
principles of heat transfer (convection, conduction, radiation). However, because heat
is only transferred from a hot to a cold environment when the human exercises in the
heat, evaporation of sweat is the only means available for cooling the skin because
the environment is hotter than the skin. As the blood passes within the skin it is
cooled, and on its return to the working muscles the blood picks up more heat and is
then pumped back to the skin to be cooled.

Heat Lost

Heat flows down a gradient, i.e., from hot to cold. All four physical avenues of heat
exchanges can play a part in heat loss. The greater the body surface area to body
weight ratio, the faster a person will lose or gain heat; e.g., a neonate left in a cool
room (24°C) will lose heat much faster than an adult.

1. Conduction. The flow of heat that occurs when objects of two different temperature
touch (the heat flows from hot to cold) is conduction. As an example, pick up a bag
of ice and notice how quickly your hands become cold. The heat of your hand flows
to the bag of ice. Conduction plays a relatively minor part in heat loss.

2. Convection. Heat loss is directly related to air movement across the body because
it always reestablishes an optimum heat flow gradient. For any given air temper-
ature, the loss increases with the square of the wind velocity up to 60 mph, i.e.
wind chill.

3. Radiation. The rate of cooling of an object varies directly with the thermal gradi-
ent between its surface and objects in its environment. The rate of cooling is
directly proportional to the fourth power of the difference between the tempera-
tures of the two objects. Changing skin temperature by physiologic means causes
the skin-to-air heat gradient to be altered. The means by which humans can
change skin temperature is primarily redistribution of blood flow from the central
volume circulation (heart, lungs, and splanchnic bed) to provide more blood flow to
the skin. In the heat, this redistribution is not stimulated by metabolic drive but
is redirected by central nervous system (CNS) innervation of the sympathetic ner-
vous system. However, in the cold, the increased metabolism of shivering and the
hormonal stimulation of metabolism by catecholamines and thyroxine provide a
stimulus to increase the circulation to the muscles and reduce the circulation to
the skin.

4. Evaporation. Evaporation is by far the most important avenue of heat loss in a hot
environment. Evaporation of 1 liter of sweat rids the body of approximately 700
keal. In very hot conditions, heavy exercise may result in whole body sweat rates
approaching a maximum of two liters per hour. Dripping sweat is not evaporated
and, therefore, does not play a role in cooling, however it does increase the rate of
dehydration. As the relative humidity of the environment rises, there is less oppor-
tunity for the sweat to evaporate, and the amount of dripping sweat increases.

Heat Gained: Energy Production

1. Exercise. Humans are approximately 26% efficient; therefore, only 25% of energy
is used to perform muscular work. The other 75% is added to the body as heat. At
the beginning of exercise, blood flow increases to the active muscles to support
metabolic demands. At the same time, blood flow to the skin increases to dissipate
the enhanced heat production. This increased flow to the muscles and skin occurs
because of increased cardiac output (CO) and redistribution of regional blood flow.
To compensate for the redirection of blood flow, the body reduces circulation to the
visceral organs through sympathetic vasoconstriction. The body’s ability to bal-
ance these competing demands can be overwhelmed by exercising in conditions of
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high external heat load. A high ambient temperature reduces the gradient
hwtween the air and skin, reducing effective convective cooling and sweat evapora-
tion. The body attempts to compensate by enhancing skin blood flow and cuta-
neous blood volume. This peripheral shunting of blood leads to a decrease in
ventral venous pressure, cardiac filling, and stroke volume. In these conditions,
the heart rate (HR) must therefore increase to maintain the same CO at a fixed
exorcise intensity. If the exercise and thermal load are sufficiently severe, the HR
van reach its maximum and CO will be insufficient to meet the competing
iiemands. In these conditions, hyperthermia with resultant heat injuries and ill-
nean may occur if specific precautions are not taken.

¥ During cold exposure, shivering is an involuntary mechanism by which the body
addn heat to itself. Unfortunately, it is costly in terms of use of the muascles’ energy
substrates and is only 11% efficient; i.e., only 11% of the energy generated in pro-
lucing shivering is added to the body as heat. Table 10-1 summarizes daily heat

t'wntrol Theory: Central and Peripheral Integration

o contral controller is a thermostat to which our body temperature is referenced is
lwlioved to be situated in the anterior preoptic hypothalamus (APH). However, other
»ien in Lhe hypothalamus (such as the posterior preoptic hypothalamus) have been
«hown to interact with the efferent responses. In terms of control theory, the APH is
the Jucus of the “set point” about which afferent signals generate an error signal (the
s11or in the difference between the set point temperature and the actual temperature)
wml, dopending on the amount of error, the efferent response occurs. Indeed, the
hypothnlamus can be viewed simply as a thermostat that switches the physiologic
+oaponnos on and off when the body is too hot or too cold.

The body appears to be responsive not only to a central temperature change and a
peir ipheral temperature change, but to respond more accurately to an integration of
the two afferent inputs (i.e., from the core and the skin). The body’s physiologic
vrupinne to the error signal of being too hot or cold is to alter its shell in terms of insu-
Intion The changes in the shell of the body are accomplished physiologically by alter-
ing hlood flow to different areas of the body. The degree of response that the body
makos depends on the degree of error (or difference from the set point) assessed at the
Al

Nocause the sweat glands are controlled by sympathetic cholinergic receptors and
Whiund flow redistribution is controlled by sympathetic adrenergic receptors, medica-

Table 10-1. Partitioning of heat loss of a subject whoee
daily energy exchange is 3,000 Kcal®

Cool Environment Hot Environment

Muchanism of loss Kcal % Kcal %

Itwdiation, convection,

and conduction 1,950 66 — -
B vaporation of water

fHum akin and lungs and

liloration of CO, 900 30 3,000 100
Warming inspired air 90 1 — —
Uvine and feces (specific heat

ul themo excreta over

that of the blood and water) 60 4 — —
Iwtal daily heat loss 3,000 100 3,000 100

Ripsivalont to a daily schedule that includes light work in cool environment and a hot environment.
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tions affecting the sympathetic adrenergic system (e.g., « and p-adrenergic blockers)
and the muscarinic receptor release of acetylcholine (ACh, e.g. atropine) compromise
the body’s ability to thermoregulate and should be used cautiously or not at all by
anyone exercising in the heat.

Suggested Readings

Gisolfi CV, Lamb DR, Nadel ER, eds. Exercise, heat and thermoregulation. Volume 6,
Perspectives in exercise, science, and sports medicine Wm P. Brown, Chicago.
Illinois, 1993:389.

Pandolf KB, Sawka MN, Gonzalez RA, eds. Human performance: Physiology and
environmental medicine at terrestrial extremes. Dubuque, IA: Brown & Benchmark,
1988:1-634.



It EXERCISE IN THE HEAT AND HEAT INJURIES

lames Moriarity

I he 1ragedy of heat stroke is that it so frequently sirikes highly motivated young individuals under the dis-
whne of work, military training and sporting endeavors. Under other circumstances, these same individu-
ol would have rested when tired, taken liquid when thirsty, or remained at home when ill.”

- §. Shibolet

[ ‘l’ho Spectrum of Heat Injury in Athletes

.

K.

. Heat syncope is the orthostatic collapse of an athlete during or after exercise

as a consequence of decreased or insufficient venous return to the heart. It is
not associated with central nervous system (CNS) symptoms or hyperthermia.

. Heat exhaustion is the inability to continue exercising in the heat. Rectal

temperature is generally less than 104°F (40°C). CNS symptoms may be
present but consciousness maintained.

Exertional heat stroke occurs in a previously healthy person who collapses
while exercising and whose rectal temperature is above 40.6°C (105°F). CNS
symptoms predominate and are always present.

. Exertional rhabdomyolosis is sudden onset of acute muscle pain occurring

during or shortly after brief, often heroic, exercise. Associated with dissemi-
nated intravascular coagulation, acute renal failure, and cerebral edema.
Effort-induced muscle cramps are involuntary contractions of exercising
muscles during or following strenuous activity in the heat.

il. The Pitfalls of Ambient Temperature, Core Temperature, and Heat lliiness

A

Man’s ability to thermoregulate allows exercise to progress in a wide range
of clinactic conditions. The addition of heat and humidity to exercise has
long been known to affect both performance and sense of well-being.
Thermoregulation maintains core temperature in a physiologic range.
Without this adaptation, heat generated from exercising muscle would soon
elevate core temperature to levels incompatible with life. Heat generated
from exercising muscle is transferred to the environment by the processes of
conduction, convection, radiation, and evaporation of sweat. As the ambient
temperature and humidity increases, the transfer of body heat to the envi-
ronment is slowed, stopped or, when ambient temperature exceeds body
temperature, actually reversed.

The incidence of all forms of heat injury increases with increases in ambi-
ent temperature. Heat illness, including heat stroke, also may occur in rela-
tively cool, dry environmental conditions. Although regard for high ambient
temperature and humidity is justly important, exercise-induced heat injury
may occur in comfortable climactic conditions.

. Measuring temperature during sports activities in athletes suspected of hav-

ing heat injury is not always easy. Mercury thermometers, infrared scanners
to measure tympanic membrane temperature, and rectal thermistors have
been used. The rectal temperature as measured with a rectal thermometer is
still the gold standard with which other measurements are compared and is
an essential requirement for the diagnosis of heat stroke. Tympanic mem-
brane measurements require operator training and knowledge of their limi-
tations in evaluating exercising athletes. Rectal thermistors with a thin
flexible rectally inserted probe provide continuous temperature measure-
ment valuable in monitoring temperature in a heat-injured athlete.

One of the difficulties in evaluating heat iliness in athletes is that well-
acclimated athletes exercising in the heat can attain a rectal temperature
of 102° to 104°F without exhibiting any signs of heat illness. The presence of
increased temperature as an isolated finding in an otherwise normal athlete
should not be construed as evidence of or criteria for heat illness. Rectal tem-

95
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peratures will remain elevated for as long as 30 minutes after cessation of
exercise. Rectal temperatures less than 104°F (40°C) in the absence of CNS
symptoms is not an indication for aggressive cooling techniques when less
aggressive methods may be suitable. Conversely, temperatures higher than
104.4°F (40.2°C) with CNS symptoms are always an indication for use of
aggressive cooling.

Conversely, an elevated core temperature is not a requirement for the
diagnosis of serious heat illness. Many athletes who experience cardiovascu-
lar collapse and mental confusion during exercise in extreme heat have been
shown to have core temperatures that are only mildly elevated or, surpris-
ingly, below normal.

Failure to document rectal temperature in a timely interval i8 a common
finding in cases of athletes with heat stroke. Core tempegrature less than
105°F (40.6°C) measured remotely in time (more than 15 to 20 minutes) in
an athlete who has collapsed with symptoms of heat stroke does not rule out
heat stroke as a diagnosis. In addition, core temperature may change rapidly
in an athlete with heat illness necessitating frequent or continuous monitor-
ing of rectal temperature.

. It is tempting to view heat syncope, heat exhaustion, and heat stroke as a
continuum with progression from one stage to the next occurring through
the increase in core temperature. No evidence suggests that such a contin-
uum exiats. It is too simplistic to think that heat illness in athletes can be
prevented by frequent measurement of core temperature and by cessation of
activity as the core temperature rises. It is equally misguided to categorize
heat illness as syncope, exhaustion, or heat stroke based solely on core tem-
perature measurements.

iil. Exercise-Associated Coliapse (EAC) in the Heat: initial Evaluation
A. Athletes do not present with a diagnosis, they present with symptoms. One

of the most common symptoms noted in strenuous exercise lasting more
than a few minutes is EAC, a clinical term used to describe the phenomenon
of an athlete collapsing during or after a competitive event or practice.
Because EAC occurs most often in road races, many of which are held during
the summer months, heat injury is often the diagnosis made in collapsed
athletes.

The etiology of EAC and syncope is multifactorial, including heat illness,
hypoglycemia, hypothermia, arrhythmia, volume depletion, and others. EAC
during race events is more common in athletes who have concurrent illness or
faster race times and in those who have previously experienced heat illness.
Collapse during activity is more often associated with significant physical
findings than is collapse at the end of an activity.

. Because collapse of an athlete from heat is such an alarming event, physi-
cians and trainers who must treat such athletes on the practice field or road-
side must make an initial assessment that will expeditiously eliminate
conditions that demand immediate intervention and action. Once life-threat-
ening diagnoses are considered and dismissed, a less urgent evaluation can
be made to assess the various forms of heat illness. Table 11-1 shows points
to be considered in the initial assessment of athletes who collapse from heat.

Table 11-1. Initial evaluation of an athlete who collapses in the heat

Remove athlete from harm’s way (i.e., water, traffic).

Assess and initiate the ABCs of life support if required.

Measure temperature.

Assess level of consciousness.

Determine whether emergency cooling is necessary and, if so, implement it.
Make initial diagnoses and remove the athlete from heat, evaluate and treat.
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In the following discussions of treatment of heat injury, it is assumed that
such an initial evaluation has been made.

V. Pathophyslology of Heat Injury
A Heat syncope

1.

2.

Heat syncope is defined as collapee of an athlete on cessation of active
exercise due to insufficient cardiac output (CO) to the brain.

Heat syncope results from rapid decrease in central venous blood
return as muscle “pumping” of blood decreases the conclusion of exer-
cise. Dehydration is also a critical factor. High ambient temperature and
humidity contribute to an increased incidence of heat syncope since
blood volume must be “borrowed” from the central circulation and re-
directed to the peripheral circulation to aid in thermoregulation. Loss of
body fluide through sweating, respiratory-insensible water loss, diar-
rhea, or lack of access to fluids may contribute to dehydration.

. The clinical presentation of an athlete with heat syncope is one of

lightheadedness, orthostasis, dizziness, nausea, or frank syncope. Other
signs of heat injury such as confusion, disorientation, loss of conscious-
ness (LOC), and acute muscle pain are not evident. Core temperature
may or may not be elevated. Sweating is generally evident. The pulse is
elevated, and blood pressure (BP) is low. Athletes with heat svncope
generally become symptomatic at the conclusion of a race or between
episodes of vigorous exertion. Heat syncope occurs most often during
exercise on days 1 to 5 of heat acclimation. During this time, the athlete
has not yet achieved maximal plasma volume and renal salt conserva-
tion.

. To treat heat syncope and ensure rapid recovery, have the athlete

assume a recumbent position and initiate simple cooling procedures such

as fanning, shading from the sun, and oral rehydration. Athletes who

experience one episode of heat syncope on a given day are at great risk of
recurrence and should not be permitted to practice for the remainder of
the day.

. Heat exhaustion

Heat exhaustion is defined as the inability of an athlete to continue
exercise in the heat. Whereas heat syncope is a specific diagnosis, heat
exhaustion may be better categorized as a syndrome with a constella-
tion of symptoms and presentations. It is the most prevalent heat-
related condition.

. The etiology of heat exhaustion is the effect of hyperthermia on CNS

(Central Nervous System) function and/or the sustained, compromising
demands that thermoregulation places on the body's organ systems.
Eventually, the failure of an essential organ, usually the cardiovascular
system or the CNS, renders the athlete incapable of further effort.
Failure may occur at the cellular level, the organ level, or both.

. The clinical presentation of heat exhaustion is characterized by weak-

ness, lassitude, confusion, memory impairment, headache, orthostasis,
frank syncope, muscle cramping, and decreased performance. Temper-
ature measurements are generally elevated, in the range of 37° to 40°C.
Hypothermia in the range of 35° to 36°C is not rare and should alert the
physician to the possibility of hypoglycemia. Pulse is rapid, respirations
are elevated at rest, and blood pressure (BP) measurement shows a
narrowed pulse pressure. Sweating is generally present. Signs and
symptoms of dehydration are often evident. Symptoms that are predom-
inantly those of the CNS should alert health care providers to the possi-
bility of impending heat stroke and the necessity for core temperature
monitoring and rapid cooling.

Heat exhaustion is more common in the young, the elderly, those who
are not acclimated, the obese, those who are less fit or sleep deprived, and
those with recent or intercurrent illness. Like that of heat syncope, the
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incidence of heat exhaustion varies directly with ambient temperature,
sun exposure, and humidity. Although heat syncope is characterized as a
transient, single event (usually at the end of exercise) with rapid recov-
ery, heat exhaustion may begin insidiously or abruptly at any time dur-
ing the exercise and with more prolonged duration of symptoms.

Attempts have been made to subcategorize heat exhaustion into
water-depletion and salt-depletion models. Clinically, the two are diffi-
cult to distinguish. During exercise lasting less than 1 to 2 hours when
fluid intake has balanced fluid loss, when weight loss is apparent, and
when the patient demonstrates cardiovascular orthostasis, volume
depletion undoubtedly is the critical factor in the development of heat
exhaustion. In longer endurance events or during cumulative, intense
practice sessions for several days if adequate fluid sources are available
and weight has been maintained, consideration of salt depletion and tis-
sue hyponatremia is more preseing. In such circumstances, the choice of
fluid to be infused (if necessary) is more controversial.

Currently, controversy exists over the proper fluid treatment for
marathon runners who collapse and are diagnosed with heat exhaus-
tion. Traditionally, EAC in marathon runners was presumed to be the
result of hypernatremic dehydration (water-depletion model) from loss
of hypotonic fluid during the race. Some clinicians maintain that dilu-
tional hyponatremic dehydration, resulting from excessive consumption
of hypotonic fluids (salt-depletion model) is more common.

Also relevant to evaluation of heat exhaustion and fluid and salt sta-
tus is knowledge of an athlete’s relative state of acclimation. Athletes
are more likely to require salt-containing fluids and foods early in the
course of acclimation than later.

4. In treatment of heat stroke the initial assessment of an athlete is the
same as that outlined in the section on evaluation of EAC. A diagnosis of
heat exhaustion mandates careful temperature monitoring to ensure
that critical hyperthermia does not develop. The athlete should be
moved to a shady or cool location, lying recumbent with the legs and
pelvis elevated, with vital signs monitored. Equipment such as shoulder
pads, helmets, and other padding should be removed. Cooling with fans,
iced towels, and plenty of cool liquids is indicated. In an athlete who
manifests orthostatis or tachycardia, administration of intravenous
fluids may be necessary.

Asking the athlete about recent illness, weight loss from sweating,
acclimation, sleep deprivation, gastrointestinal (GI) upset, previous
heat problems, and current medications may provide a clue to causality.
Athletes with core temperatures that continue to rise despite active cool-
ing measures should be transported to a medical facility. If the athlete’s
core temperature is subnormal, hypoglycemia may exist.

Preferred fluid replacement treatment for athletes clearly demon-
strating signs of heat exhaustion with findings of orthostasis, weight
loss evident on weigh-ins and weigh-outs, reduced urine amount, and
increased specific gravity is rapid infusion with normal saline or
Ringer’s lactate until urine output is established. For athletes with
symptoms of heat exhaustion but normal weights, a history of relatively
clear urine, and no orthostatic changes, a slower and more conservative
approach that permits ad libitum oral fluid intake, a longer time away
from practice, and time for the kidney to regulate fluid and electrolyte
imbalance is advocated.

5. Return to competition should be based on severity of symptoms, par-
ticularly with regard to CNS status, core temperature, and ability to self-
hydrate. Many athletes will manifest signs of heat exhaustion that
respond quickly to simple cooling measures and to “time out” for 15 to
30 minutes. An athlete with normal temperature and mental status can
resume activity, but should do so with caution and under close observa-
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tion. Athletes who exhibit confusion, irritability, or lethargy should not
be allowed to return to play for that day and should be screened carefully
the following morning for coneideration of further activity. Athletes with
severe heat exhaustion including syncope, temperatures as high as 39°C,
and CNS symptoms are at greater risk of heat stroke and recurrence of
heat exhaustion. These athletes should be restricted from high-intensity
workout for a minimum of 48 hours and gradually reintroduced to
intense workouts. Frequent monitoring of temperature during workouts
is advised.

(' Heat stroke

1.

Exertional heat stroke is defined as collapse of a previously healthy
exercising athlete who exhibits severe neurologic impairment (most
commonly unconsciousness) and has a rectal temperature higher than
40.6°C (106°F). As distinct from heat exhaustion, which is a failure of
performance, exertional heat stroke is a failure of homeostasis and
threatens the survival of the athlete. Once initiated, heat stroke sets off
a series of cascading pathologic events that, left untreated, may be fatal.

The incidence of exertional heat stroke is difficult to determine.
Approximately 175 deaths yearly in the United States are reported to be
heat related. Among amateur football athletes, 84 deaths due to heat
stroke were recorded for the years 1955 to 1990. The mortality of heat
stroke is 10% to 25% and is directly correlated with the duration of ele-
vated temperature and duration of coma.

. The precise etiology of heat stroke is not known. Current theory sug-

gests an “energy-depletion” model in which hyperthermia alters cellular
ability to produce energy and maintain cell membrane integrity. Cellular
swelling is characteristic of heat stroke. The brain is especially suscepti-
ble to hyperthermia, and CNS impairment is also characteristic of heat-
stroke.

Exertional heat btroke, like ‘all heat illness, is more likely to occur in
athletes who are not acclimatized or who are unfit. Some persons may
demonstrate a persistent inability to tolerate exercise in the heat.
Medications may also interfere with themoregulation (Table 11-2).

. Heat stroke ia diagnosed in an athlete who collapses in the heat and

who exhibits neurologic impairment and a body temperature of 40.6°C
(105°F) or higher. Twenty-five percent of heat stroke victims will have
prodromal symptoms and 75% will not; all will have neurologic symp-
toms, including coma. The frequency of some clinical characteristics of
heat stroke are shown in Table 11-3.

Table 11-2. Medications affecting thermoregulation

Heta bliwkors

| waalives

Antililatamines

M.ammmnine oxidase inhibitors
Vhenalbiazines

Ahonhnl

Vel lve

Aut holinergics

Muthyhlopn

I

T amwunatriclors

1hge of abuse
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Table 11-3. Clinical characteristics associated with heat stroke

Characteristic %
Coma 100
Convulsions 72
Confusion/agitation 100
Hypotension (systolic BP <90) 35
Dry skin 26
Rectal temperature >41°C 55
Vomiting 71
Diarrhea 44

Adapted from Epstein Y, Sohar E, Shapiro Y. Exertional heatstroke: a preventable condition. Isr
J Med Sci 1995;31:454462.

Central nervous symptom dysfunction is the result of thermal injury
to the brain. Core temperatures above 40.6°C (1056°F) are considered to
initiate brain cellular edema in humans. Fatality rates of heat stroke
are directly related to the duration of coma.

The clinical progression of heat stroke has three phases.

a. In the acute phase, CNS symptoms predominate. Delirium, confu-
sion, coma, ataxia, dysarthria are present, along with GI dysfunc-
tion, hyperventilation, and lactic acidosis.

b. In the hematologic/enzymatic phase, there is leukocytosis of 20,000
to 30,000 WBC cells/deciliter, hemorrhagic diathesis with bleeding
from venipuncture sites, hemoptysis, purpura, melena, hypofibrino-
genemia, prolonged prothrombin time (PT), increased FDP (fibrin
degradation products), and decreased platelets. Muscle enzymes
characteristically are very high with, creatine phosphokinase (CPK)
peaking at 24-48 hours.

c. In the late phase of heat stroke, disturbances in renal and hepatic
function begin. Bilirubin and hepatic enzymes are elevated. Blood
urea nitrogen (BUN) and creatinine levels begin to increase.
Twenty-five percent to 30% of persons with heat stroke have acute
renal failure.

4. Heat stroke is a true medical emergency and must be treated as such. Once
a diagnosis of heat stroke is made the victim must be cooled aggressively
and immediately and then evacuated to a medical facility. A treatment
plan for persons diagnosed with heat stroke is shown in Table 11-4.

What constitutes the best method of aggressive, emergency cooling is
controversial. Techniques using cool (not iced) water immersion and
spray mist with fan cooling have been shown to lower core temperature
rapidly without inducing shivering. For someone with heat stroke who
cannot be transported quickly to a cooling site, continuous bathing with
copious amounts of tap water, removal of clothing, fanning, and reloca-
tion to the shade is a suitable emergency procedure to lower dangerously
high temperatures.

Aggressive cooling techniques should be discontinued when rectal
temperature decreases to 38.5°C (101.3°F). Because rectal temperature
decreases slowly, one can “overshoot” the mark and induce hypothermia
and unnecessary shivering.

5. Return-to-play criteria for an athlete with heat stroke mandate that the
athlete be fully recovered from any complications of heat stroke and be
evaluated for heat tolerance. The term heat tolerance, or acclimation to
heat, implies that the athlete is able to adapt physiologically to exercise
in the heat. After an athlete recovers from heat stroke, acclimation may
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Table 11-4. Emergency treatment for athletes with heatstroke

Meyard situation as a medical emergency.

F.uergetic, aggressive cooling: ice bath, ice packs, copious water bathing with
funning

Itnetal temperature monitoring with rectal thermistor

Alrway management

(taygen 6 L/min by mask

Fatablish intravenous (i.v.) line

I)iazepam to control seizure activity if present

¥luid resuscitation with normal saline or Ringer's lactate; 2 L in first hour,
mllowed by rate in accordance with hydration

Minimize shivering if possible, administer chlorpromazine 50 mg i.v. or
dingepam i.v.

{'ardiac monitoring
trine flow measurement with catheter: if CVP adequate mannitol may be
ninunistered at dose of 0.26 mg/kg or furosemide 1 mg/kg to maintain urine output

Hadium bicarbonate may be considered in cases of rhabdomyolosis

Anuria, uremia, and hyperkalemia may require dialysis

¥Froquent measurement of serum chemistries, enzymes, and coagulation factors
Treat with fresh frozen plasma, cryoprecipitate, and platelets if necessary

Adapted from Epstein Y, Sohar E, Shapiron Y., Isr J Med Sci Exertional heatstroke: a pre-
»wuinble condition. 1995;31:454—462.

occur in as little as 2 months and as long as one year. Heat tolerance is
evaluated by measuring rectal temperature response and heart rate (HR)
response to controlled exercise for a 6-day period (Armstrong et al.).

k.. Muscle cramps

1. Muscle cramps are involuntary contractions of exercising muscle and
most commonly occur in athletes exercising in the heat.

2. The prevailing theory regarding the etiology of muscle cramps is that
they occur secondary to a generalized deficiency of sodium and chloride
as a consequence of sweat loss and dehydration. Their exact cause is
unknown. Other proposed etiologies include deficiencies of magnesium,
potassium, calcium, or glucose and accumulation of hydrogen ions and
lactic acid. Myoneural theories describe alterations in stretch receptors,
synaptic irritability, and failure of Na/K-ATPase—dependent pumps.
Although muscle cramps occur more commonly in hot and humid condi-
tions in fluid-depleted athletes, in cool weather athletes with full blad-
ders may experience severe cramping. Severe muscle cramping in
athletes has been associated with malignant hyperthermia, which
affects muscle function.

3. Muscle cramps commonly present during activity and mimic an acute
extremity injury. They may not become evident until after exercise has
ceased and the athlete is leaving the practice field. Muscle cramps may
be a component of heat exhaustion or heat stroke, Cramps, especially if
generalized, are excruciatingly painful and possibly dangerous if the
athlete is operating a vehicle or swimming. Once cramping becomes gen-
eralized, it is exceedingly difficult to arrest.

Although muscle cramps often have rapid onset, many athletes
describe initial tightness followed by muscle fibrillation and fascicula-
tion with a progressive crescendo to a painful contraction. Muscles sus-
ceptible to cramping include all those of the extremities, gluteals,
abdominals, and back.
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4. The classic sideline treatment for heat cramps is stretching of the
affected muscle. Massaging the muscle after the cramp has subsided
may be helpful. Ice may be applied. For lower extremity cramping of ago-
nist/antagonist muscle groups, a squatting position will stretch of the
quadriceps, upper hamstrings, and calves. Another technique useful for
agonist/antagonist crampmg that does not respond to stretching is tight
circumferential wrapping of the muscle groups with prewrap and 3-inch
Elasticon or Conform tape. For severe generalized cramping of the
extremities, abdomen, and back, intravenous fluid therapy with normal
saline may be useful. Judicious use of diazepam or meperidine to provide
pain relief and muscle relaxation may be necessary.

Although a variety of electrolyte products are available (including cal-
cium, salt tablets, potassium, magnesium, and phosphorus) to help pre-
vent muecle cramps, none have been shown to prevent cramping in
electrolyte-stable individuals. Neither has quinine. Vigorous stretching
programs decrease the incidence of cramping in athletes. Athletes should
be evaluated for serum abnormalities of sodium, potassium, calcium, for
thyroid function, and for glucose levels, but such abnormalities are rare
causes of muscle crampe. Early in heat acclimation, sodium loss in sweat
and urine is greater and extra salt should be added to the athlete’s diet.

Maintaining hydration is essential in lessening the incidence of heat
cramps. Athletes should be instructed to “prehydrate” before participat-
ing in competition and practice. The type of fluid to be used during com-
petition or practice to counter the loss of sodium in sweat depends on
duration of activity. Electrolyte-containing beverages are useful in coun-
tering the loss of sodium in sweat during exercises of prolonged dura-
tion. Daily weigh-in and weigh-out is a useful tool to ensure that
athletes are adequately rehydrated.

5. The athlete’s ability to return to competition is based on the severity of the
cramping episode and the intensity level of the anticipated exercise. With
minor cramps of one muscle group, the athlete can resume activity imme-
diately after resolution of the cramp. When cramps are severe, walking
and stretching on resolution of the cramping episode, followed by biking or
jogging the next day and gradual introduction of more vigorous exercise in
the next 24 to 48 hours will reduce recurrence of cramps.

V. Prevention of Heat lliness
A. Acclimation

1. Although high-intensity exercise in the heat can cause heat illness in any
athlete, heat acclimation reduces the signs, symptoms, and incidence of
most heat illness. The incidence of heat cramps, heat syncope, and heat
exhaustion decreases after athletes exercise for 1 week in the heat. Heat
stroke incidence and heat acclimation have no clear relationship. Table
11-5 shows the physiologic changes that accompany acclimation.

2. For maximum acclimation, exercise intensity should exceed 50% VOg,,.,
fluid status should be optimal, and sleep deprivation should be avoided.
Heat acclimation is rapidly lost after a few days to weeks of inactivity.
Athletes maximally trained in cool environments will not be able to
reproduce high-intensity workouts in hot environments without becom-
ing acclimatized. Exposure to heat without exercise in the heat will not
produce acclimation.

3. The minimal ambient temperature necessary to achieve acclimation is
not known. The incidence of heat injury increases as ambient conditions
exceed 21°C/50%humidity. Vigorous exercise in wet bulb globe tempera-
ture (WBGT) above 28°C (82.4°F) is not recommended by the American
College of Sports Medicine. Likewise, ambient temperatures above 32°C
with minimal wind and bright sun essentially cause “shut down” of con-
ductive, convective, and radiant heat loss. Evaporative heat lossg is
greatly impaired when humidity is greater than 70% or if restrictive,
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Table 11-5. Physiological change of heat acclimation

V'siamoter Days
flunrt rate decrease 3t 6
I'lsama volume increase 3to6
lluetal temperature decrease 5to8
I'wiveived exertion improvement 3to6
nhwenat Na and Cl concentation decreases 5to 10
Hweal rate increases 8 to 14
11ine Na and Cl concentration decrease 3t08

Adapted from Armstrong L, Maresh C. Sports Med1991;12:302-312.

sweat-soaked clothing is worn. Therefore, exercise must take place in an
ambient temperature above 21°C and in 50% humidity, preferably with
a WBGT reading below 28°C.

I Environmental factors

1.

2.

WHOT )
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N

Adr. ) Wet bulb globe temperature.

Environmental conditions obviously affect the likelihood of incurring
heat injury. One of the major methods of preventing heat injury is avoid-
ance of exercise during extremes of heat and humidity. Although simple
in theory it is difficult in practice. Outdoor practice early and late in the
day are generally less extreme than other time periods.

The WGBT index is used as a risk indicator for exercise in the heat
(Table 11-6). WBGT measurements take into account the relative con-
tributions of radiant heat, humidity, and ambient temperature in the
formula: WBGT = 0.7(wet bulb) + 0.2(black bulb) + 0.1(dry bulb). WBGT
devices can be easily assembled from thermometers, clamps, and stands
available in a general chemistry laboratory and a toilet bowl float
(metal) painted black (available from a hardware store). Alternatively,
dry bulb and wet bulb readings can be obtained from a sling psychrome-
ter and a black bulb reading taken from a thermometer placed in a black
toilet bow! float.

Heat index is a measurement that combines only ambient temperature
and humidity, without the important contribution of radiant sun energy.
Heat index can be obtained from a sling psychrometer. In general, the
combination of ambient temperature above 85°F (29°C) and relative
humidity above 60% places the heat index in the danger zone.

. If exercise activity in extreme heat is unavoidable, liquids should be read-

ily available, as should shade. More frequent rest periods should be
allowed and, if possible, workouts should be less intense and practice
shorter. Heat injuries should be anticipated. Physicians with institu-

Table 11-6. WBGT index for heat stress

Recommendation

Low risk of hyperthermia; some risk of hypothermia
Low risk of heat injury

Moderate risk of heat injury

High risk of heat injury

Extreme risk of heat injury
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Table 11-7. Coaching strategies for safe exercise in the heat

“Heat education” of athletes, coaches, and training staff
Consideration of age, acclimation, and fitness level of the athlete
High regard for ambient temperature and humidity

Scheduling of practice times in the cooler part of the day or evening
Loose fitting “breathable” clothing

Maintenance of hydration: 1-2 cups of fluid every 15 minutes

Rest periods (preferably in the shade) every 30 minutes
Availability of cooling devices: shade, fans, ice, immersion tanks
Availability of trained medical personnel

tional responsibility for the health and well-being of athletic participants
must have direct input into the conduct of practice and race events, fully
realizing that published medical standards regarding the safety of exer-
cise in the heat often go against prevailing custom. Physicians and
coaches should also be aware that minors may not be of legal age of con-
sent and that parents may not waive the legal rights of their children.
Suggestions for coaches and players to achieve successful and safe prac-
tice in extreme heat are shown in Tables 11-7 and 11-8.
C. Hydration

1. Hydration has a direct affect on the athlete’s ability to thermoregulate
and maintain performance. As plasma volume decreases, less blood is
available for transport of heat to the periphery for dissipation. Fluid loss
in the heat occurs primarily through sweating, which can attain a level
of 1 to 3 L per hour. Sweat is hypotonic, with a Na+ concentration of 40
to 60 mEq/L. Gastric emptying is slowed by the presence of fat, greater
caloric content, higher temperature, and more acidic content. Gastric
emptying is speeded by cooler liquid temperature, decreased osmolality,
and greater volume of stomach distention. Maximum gastric emptying
ranges from 500 to 100 mV/h, obviously, therefore, some athletes will find
it impossible to maintain adequate hydration during periods of pro-
longed exercise.

2. The choice of best fluid replacement is controversial. Cool water is the
most efficiently absorbed liquid and will help absorb heat in the body
cavity. The addition of carbohydrate has been shown to delay fatigue but
slow gastric absorption. Salt in the solution will have little effect on elec-
trolyte balance in the acclimatized athlete but may be a cofactor in the
absorption of glucose and water.

Table 11-8. Team member strategies for safe exercise in the heat

Understand the impact of heat on performance and health.

Prepare for the season: achieve peak conditioning.

Prepare for the heat: train in the temperature and humidity you will practice in.
Delay exercise if you are ill; take no medication unless advised to do so.
Minimize unnecessary clothing, bracing, and tape.

Drink 16 ounces (2 cups) of fluid before and 8—16 ounces every 15 minutes during
practice.

Replenish fluids after practice (2 cups of liquid for every pound lost).
Replenish muscle energy by eating a high-carbohydrate diet.

Salt your food.

Sleep is essential; get 8 hours of sleep each night.
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Table 11-9. Contents of a heat bag

lectal thermometers Lubricant

IHimnd pressure cuffs Stethoscopes

thal nirways Tongue blades
Flashlight and batteries Alcohol wipes
Anliseptic scrub Dressings

ttyringes and needles Venipuncture supplies
Intravenous catheters and tubing Normal saline (2L)

1y, molution Parenteral diazepam
lape Band-aids

I'ape cutters Scissors

Inapusnble gloves Sterile gloves

Hional

lartal thermistor thermometer Tympanic membrane thermometer
thing peycohometer Glucometer

3. A recommendation for fluid replacement in exercising athletes is pre-
exercise hydration with 16 ounces of fluid 15 to 20 minutes before exer-
cise and 8 ounces of fluid every 16 minutes during exercise. Postexercise
consumption of fluids should be adequate to produce dilute urine.

4. Athletes in heavy training regimens involving multiple daily workouts
as is common in late summer football, soccer, and cross-country pro-

. grams, are at greater risk for cumulative salt, carbohydrate, and water
deficit. Athletes with large amounts of lean muscle mass may lose signif-
icant hepatic and muscle glycogen. Water is stored with glycogen at a
rate of 2.6 g (ml)¥/g glycogen. Consumption of diets high in carbohydrate
with liberal added salt will facilitate water absorption and help maintain
hydration.
1) Medical preparation for exercise in the heat

1. Anticipation of heat injury by medical personnel implies that necessary
provisions for treatment of heat injury are in place. Table 11-9 describes
the contents of a heat bag that should be readily available on the prac-
tice field, race tent, or other medical location for emergency treatment of
athletes with heat injury.

2. On-site equipment needed to treat heat-injured athletes adequately are
immersion tanks filled with cool or iced water, large cooling fans, hoses,
cots, and a tent or building to provide shade. Access for emergency vehi-
cles and personnel should be considered in choosing a practice site.
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12. EXERCISE IN THE COLD AND COLD INJURIES

Wayne K. Gersoff

Cold-related problems for the athlete represent one of the most common athletic envi-
ronmental hazards. Although cold-related problems are usually associated with win-
ter sports, like skiing, skating, mountaineering, and snowshoeing, there is risk too in
other sports, including running, cycling, swimming, and hiking.

1. Cold-Weather Physiology
A. Body requirements. Core temperature (37.6°C or 99.6°F) must be main-
tained within a narrow range (4°C or about 12°F).
B. Heat production. Body heat is generated by four mechanisms.

1. Basal heat production. Heat is produced by normal metabolic processes
and is adequate under resting conditions but inadequate for colder envi-
ronments.

2. Muscular thermoregulatory heat. The heat that is produced by shivering
increases body heat three to five times basal level but also uses large
amounts of energy.

3. High-intensity exercise-induced heat. The heat produced during various
activities involving increased muscular activity generates 10 times basal
heat production but can only be maintained for several minutes.

4. Mild to moderate exercise-induced heat. Because of its lower rate and
intensity this heat only produces an approximate five times basal heat
generation, but it can be maintained for a longer time.

C. Heat conservation

1. Constriction of peripheral vasculature. When the body is exposed to cold,
blood flow is shunted away from the surface area of the body to the core.

2. Body insulation. The layer of subcutaneous fat helps conserve heat.

3. External heat sources. Clothing and other external heat sources aid heat
conservation.

D. Heat loss. Heat production must be balanced by heat loss. Most heat produced
by the body is lost through the skin. The body loses heat by four methods.

1. Conduction. Direct heat loss occurs from contact with materials that
conduct heat better than air. Immersion in water increases the cooling
rate 100 times faster than air.

2. Convection. Loss of heat is caused by the motion of air or water across the
body surface; heat is lost in relation to the velocity of the air or water.

3. Evaporation. The best way to control heat loss is to prevent evaporation.
When water evaporates, heat is lost. One third of evaporation occurs
through the lungs and two thirds occurs through the gkin.

4. Radiation. From 56% to 65% of the body’s heat loss is caused by radia-
tion; the loss is related to the mass of the body and its surface area.

li. Specific Cold Injuries

A. Local versus systemic. Local injuries occur when the shell temperature is
exposed to freezing temperatures but the core temperature is maintained.
These include frostnip, chilblains, and frostbite. If the cold induces a drop
not only in the peripheral temperature but also in the core temperature,
then hypothermia can be produced.

B. Frostnip. A condition that develops slowy and results in blanching of the
skin, frostnip is associated with reversible ice crystal formation on the gkin’s
surface. It will affect the tips of the ears, nose, cheeks, fingertips, chin and
toes. Frostnip is often confused with frostbite. Treatment is to provide grad-
ual warming of the tissue by the contact of a warm hand, by blowing hot
breath on the body part, or by holding the injured body part in the axilla or
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groin area. Do not rub the skin with snow. As the tissue gradually warms,
the color returns and there may be tingling in the body part.

}. Chilblains, trench foot, and immersion foot. These are commonly grouped

together because they all result from repeated exposure of bare skin to cold
water or from repeated exposure of an extremity for prolonged periods of
time, usually at temperatures around freezing. Chilblains can occur on
the hands and feet. The lesions are localized, erythematous, or cyanotic, and
are often raised as plaques or nodes. This injury initially results in red, hot,
swollen, and tender skin. The first symptoms are tingling, burning, numb-
ness, and coldness. In most cases, there is almost complete recovery.
Treatment involves gradual rewarming in an appropriate environment. If
this environment is not available then the limb is at risk for re-exposure and
further injury from the cold and wet environment. Immersion foot and
trench foot share a similar pathophysiologic basis. Both are secondary to an
extremity exposed to a cold wet environment for an extended period of time.
While immersion foot is associated with immersion of the extremity in cold
water, trench foot is caused by cold, wet exposure on land. Diagnosis of this
injury is strongly based on history and physical examination. While different
treatment plans have been suggested, little of therapeutic value occurs from
these treatments. Most important to treatment are elevation of the leg and
prevention of systemic infections. Most often, observation and pain control
should be carried out until the extent of injury declares itself, and then, if
necessary, surgical debridement or amputation is performed.

Frostbite. One of the worst local cold-related injuries, frostbite is caused by
actual freezing of the skin. Body areas commonly involved in frostbite injury
are the fingertips, earlobes, tip of the nose, toes, and any exposed areas of
the skin. Frostbite can be classified into various stages based on the degree
of injury. First-degree frostbite usually is associated with local pain and dis-
comfért. There is usually a numbness, redness, or swelling of the affected
area. Second-degree frostbite displays all of the prior symptoms along with
the development of a superficial serous blistering. Third-degree frostbite
brings on development of deep hemoserous blistering. Fourth-degree frost-
bite involves the deep soft tissue. This includes bone and may result in pos-
sible mummification of the tissues, requiring amputation. Several factors
increase the risk of frostbite. These include constricting clothing, smoking,
atherosclerosis, arthritis, diabetes mellitus, use of vasoconstrictive drugs,
previous cold injury, immobilization, and hypothermia. The affected tissue
may be waxy yellow or mottled blue. If vesicles or bullae form in 6 to 24
hours, the tissue will be lost. If the area is more severely frostbitten, black,
dry eschar forms in 9 to 15 days. Mummification and autoamputation occurs
in 22 to 45 days. Treatment of frostbite should be directed toward prevention
of any further injury to the tissue and of the necrosis of any damaged tissue.
Rubbing or massaging frostbitten tissues is strongly contraindicated. The
accepted therapy for frostbite is rapid rewarming; a whirlpool device is ideal.
The water temperature should be 40° to 42°C (104° to 108°F). The use of dry
heat, such as from a campfire, car exhaust, or radiator is contraindicated,
because these types of heating are slow and not equally distributed. In addi-
tion, because of numbness, the skin could be burned. If out in the field, the
frostbitten part should not be thawed unless there is a mechanism available
to keep it thawed. If the frostbitten part is thawed and allowed to refreeze
there is a greater risk of more extensive damage. During the rewarming
process, the victim will experience pain relative to the degree of frostbite.
The victim may require analgesic support and should be instructed that the
pain is not a dangerous sign but is, rather, a part of the natural process of
rewarming. Hospitalization is generally recommended for those with frost-
bite injuries greater than first-degree.

. Hypothermia is a systemic injury. It will occur when the body’s core temper-

ature decreases to less than 95°F or 36°C. Hypothermia causes 500 to 700
deaths per year in the United States. It can occur at almost any altitude and
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in any temperature lower than body core temperature. Individuals at
increased risk for hypothermia include accident and trauma victims, the
very young and the very old, people with chronic metabolic disease, people
with acute or chronic alcoholism and/or acute intoxication or drug overdose,
and those who are mentally impaired.

1. Classification

a. Mild hypothermia occurs when the rectal core temperature (RCT) is
greater than 95°F but less than 98.6°F.

b. Moderate hypothermia occurs when the RCT is greater than 90°F
but less than 95°F.

¢. Severe hypothermia occurs when the RCT dropa to below 90°F.

2. Mild hypothermia. In this most common stage of hypothermia, symp-
toms include cold fingers and toes, shivering and chills. The person will
develop increased pulse and respiratory rates, and may experience mild
incoordination and urinary urgency. Early recognition of symptoms pre-
vents an increase in severity. The person usually can be rewarmed by
external means: The athlete should be placed in a protective shelter,
kept dry, rested, and insulated, to prevent further bodily heat loss.
Complete recovery usually will occur.

3. Moderate hypothermia. In this stage, the person will develop increased
fatigue, an increase in muscular incoordination, and loss of the shivering
mechanism. He or she will experience numbing of fingers and toes, with
actual functional loss and an altered mental status and as such are poor
reporters of their state. Physiologically, the person commonly shows
hypotension, hypoventilation, and cardiac arrhythmias, including sinus
bradycardia and atrial fibrillation. Moderate hypothermia requires
immediate treatment. The suspicion of moderate hypothermia should be
consgidered when a person shows decreased signs of shivering, slow reac-
tions, or any other altered state of mental capacity, and appropriate
treatment begun. The victim should be warmed and protected from the
environment. Attention should be directed first toward rewarming of the
body core rather than the extremities. Water immersion rewarming is
extremely dangerous, secondary to rewarming shock, where blood is
rapidly shunted to the extremities and skin from the core. If a water
bath is the only available means then the extremities should be left out
of the water and only the trunk immersed. If there is alteration of men-
tal state, the person should not be given fluids or food by mouth, to avoid
the possibility of aspiration.

4. Severe hypothermia. Severe hypothermia results in a complete loss of
shivering, marked confusion, inappropriate behavior, and visual distur-
bances as well as changing levels of consciousness. This person is at high
risk of death. The victim’s blood pressure, pulse, and respiratory rate are
markedly depressed. Pulmonary edema may develop. Indeed, these indi-
viduals may appear clinically dead. Severe danger of cardiac arrhyth-
mias exists, and electrocardiographic monitoring must be performed.
Monitoring in a medical facility is mandatory. Because the body core
temperature is lowered, the hypothermia can actually be protective, like
a metabolic icebox. The victim may not require a high pulse or blood

-~ “pressure to support life. Performing cardiopulmonary resuscitation
(CPR) prematurely may cause arrhythmias because of the fragile nature
of the cardiac muscle. Rewarming the patient is an active process and
has been accomplished by airway warming, warmed IV fluids, warmed
peritoneal dialysis, and cardiopulmonary bypass.

5. Prevention. Hypothermia is potentially life-threatening; its prevention
is of the utmost importance. Preparation probably is the best way to pre-
vent hypothermia, by preparing appropriately for the worst conditions:
arranging appropriate food supplements for duration of outdoor expo-
sure, ensuring appropriate fluid intake to prevent dehydration, provid-
ing appropriate clothing that can be worn in layers (clothing that is
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windproof, well insulated, and allows for water evaporation), and avoid-
ing getting wet, abstaining from alcoholic beverages, recognizing high-
risk situations, knowing when one is at risk, and using common sense.

M. Cold and Athletic Performance

Cold environments reduce a person’s exercise efficiency. Endurance athletes
must use additional energy for thermogenesis, which can adversely affect
performance. Anaerobic activity can also be affected. Muscle function generally
in dacreased and nerve conduction can be slowed. During exereise, an individual
in protected by increase in body temperature. However, when the energy
reserves used during exercise are depleted, the exhausted athlete is at increased
rink for hypothermia. This applies to exposure to cold in water as well. It is
estimated that the average swimmer in 50°F (10°C) can swim only about one km
hefore experiencing hypothermia.

Medical Problems Stimulated By Cold Exposure

A Cold urticaria (see Chapter 29)

B Cold-induced asthma or bronchioconstriction (see Chapter 27)

(' Raynaud’s phenomenon: Raynaud’s phenomenon represents an abnormal
constriction of the peripheral small arteries and arterioles of the hands and
feet. It is very commonly associated with exposure to cold but can also be
triggered by emotional stress. Although it can occur at any age, it is more
common after puberty and before age 40 years. Women are affected more fre-
quently than men are, Clinically, on exposure to cold, the fingers of both
hands will demonstrate demarcated blanching, which can then be followed
by cyanosis. During recovery, the cyanosis is replaced by hyperemia. In the
initial ischemic phase, the digits are cold and numb. However, in the hyper-
emic stage, throbbing, tingling, swelling, and an increase in temperature
will be felt in the digits. In these cases that are purely related to Raynaud’s
phenomendn and not to an underlying disease process, treatment is aimed at
reassurance, protection from cold exposure, and gradual rewarming. In rare
cases, a vasodilator might be prescribed to allow an athlete to participate in
n sport.



13. HIGH ALTITUDE

Robert B. Schoene

Access to high altitude for work, recreation, and habitation has increased in the past
few decades. People worldwide have recognized the pleasures of venturing to such
regions, and there is little evidence that the influx of people is abating.

Along with the enjoyment of mountain travel comes the inevitable physiologic
stress of adapting to the hypoxia which results from the lower barometric pressure
that exists at high altitude. Although the fraction of oxygen in the earth’s atmosphere
remains constant at 0.2093, barometric pressure decreases at higher altitudes and
there is less oxygen in the air. For instance, at sea level, the barometric pressure is
approximately 760 mm Hg; on the summit of Mt. Everest, it is about 250 mm Hg.
Because oxygen is vital to human life, how does the body adapt?

Adaptation

The body is resourceful in optimizing transport of oxygen from the air to the blood
and to the mitochondria in the cells. Several responses are invoked, immediately and
over time, that facilitate transport of oxygen. The important point is that although
most people adapt in a similar manner, each is slightly different, which may lead to
maladaptation or altitude illnesses. Normal acclimation is summarized briefly in
Table 13-1.

Maladaptation

Not everyone adapts well to high altitude, and most people will suffer to some degree
if they go too high too fast. It must be emphasized that each person has his or her
inherent rate at which adaptive processes proceed.

The clinical syndromes of high-altitude maladaptation can be divided into mild and
severe. The mild form is acute mountain sickness (AMS); the more severe forms are
high-altitude pulmonary and cerebral edemas (HAPE, HACE). These entities are
probably a continuum, but it is important to separate them for practical purposes,
because the latter forms are potentially fatal. Each is a manifestation of fluid leakage
from intra- to extravascular spaces, especially in the brain and lung. There are more
chronic forms of altitude illnesses, but they do not fall into the purview of this
chapter.

Acute Mountain Sickness

AMS is a self-limited form of altitude illness which usually occurs in the first 12 to
36 hours of arrival at moderate altitude (7 to 10,000 feet). It affects 25% of lowlanders
arriving at 9,000 feet. Its symptoms are headache, loss of appetite, trouble in sleep-
ing, lethargy, nausea, and vomiting. Its signs are tachycardia and mild tachypnea.
Two or more symptoms in the appropriate setting allow the diagnosis of AMS. The
symptoms may be mild to severe but usually abate at the same altitude in 1 to 2 days.

Treatment

The best way to avoid AMS is by ascending at a slower rate to allow one’s body time
to adapt. In these days of quick access and transportation, a slower rate is not always
desirable or practical, but the following guidelinee provide a structure for prevention
and/or treatment of AMS.

1. For rapid ascents to 10,000 feet or more, prevention with pharmacologic agents is
a reasonable approach. For those who are not allergic to sulfa drugs, acetazol-
amide has been used to prevent AMS. The recommended dose is 125 mg twice
daily (b.i.d.) which can be started as the person is ascending. Use of the drug
should be continued for the first several days and then discontinued, but its use
can be reinstituted if symptoms recur. The mechanism of action of acetazolamide
is not clear, but probably has to do with some of its effects, which mimic normal
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Table 13-1. Normal acclimation

Hystom Result Time
Ventilution Higher alveolar pO, Immediate and ongoing
tian exchange Improves V/Q, optimizes PaO, Immediate
Nlood Erythropoiesis to increase O, - More than 7-10 days,
carrying capacity; ongoing
Shifts in Oy/hemoglobin dissocia- Immediate

tion curve to facilitate O; loading Ongoing
in the lung (left shift) and un-
loading in tissue (right shift)
Tismues Increased capillary density, in- Weeks
creased mitochondrial density,
mild atrophy of muscle cells, and
optimization of oxidative
enzymes—all to improve O,
availability and utilization
(controversial area)

nceclimation. For persons allergic to sulfa drugs, dexamethasone, a potent corticos-
Leriod, is a viable alternative. It too can be started as the person ascends, in doses
of 4 mg four times daily (q.i.d.). The drug does not facilitate acclimation, and symp-
toms may ensue or recur if its use is dlscontmued Both drugs are effective in
_ treating AMS if symptoms are noted.
4 For those who are particularly susceptible to AMS at high altitudes, it is prudent
ty use prophylactic pharmacologic measures. The guidelines outlined above also
upply to the “susceptible” individual.
In travel to high altitude (more than 10,000 feet) where medical care may not be
nceessible (e.g., an alpine climb, or a trek to the Himalayas or the Andes), sojourn-
wru should bring medication along to use at the onset of symptoms, or a portable
hyperbaric bag (a light bag the victim is placed in; with increased pressure the
uffective altitude is lower) should be available for more severe symptoms.

High-Altitude Pulmonary Edema

High-nltitude pulmonary edema (HAPE) is a severe form of altitude illness marked
iy interstitial and alveolar fluid that is very high in protein and cells. The mechanism
ul the disease is not known, but is in part secondary to high intravascular pressures
in the pulmonary vasculature, which causes leakage from the intravascular space. It
wsunlly occurs at higher altitudes than does AMS. The symptoms of dry cough,
marked shortness of breath and decreased exercise tolerance have onset in 2 to
4 dnyn, often are preceded by symptoms of AMS, and may progress to severe dyspnea,
rough productive of pink frothy sputum, and death. Because of associated right-to-
el shunting of blood in the lung, all cases have varying degrees of hypoxemia, which
1anh be severe. Some individuals are predisposed to HAPE, and it can occur in people,
wapecinlly children, living at high altitudes who reascend after a sojourn in low alti-
tude If treated soon after the onset of symptoms, all patients recover and return to
normal physical function in the remarkably short period of a few days. Unless ortho-
pedic injury occurs while patients are in remote areas, or unless severe weather pre-
vonin descent, no one should die from HAPE.

leatment .
Fven more so than in AMS, especially at higher altitudes, slow, graded ascents can
wevent most cases of HAPE, even in those who are susceptible. The following guide-
imen, however, should decrease the occurrence and/or severity of HAPE:

) For HAPE-susceptible individuals who insist on returning to high altitudes but
who will take the time to acclimate, nifedipine-XL 30 mg (q.i.d. or b.i.d.) is effective
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in preventing most cases of HAPE. Presumably, the drug minimizes the degree of
hypoxic pulmonary vasoconstriction and may explain why the degree of pul-
monary hypertension, has been shown to be quite high in HAPE victims, thereby
decreasing stress on the pulmonary microvasculature. The drug is well-tolerated.

2. Individuals with HAPE should not ascend further. If it is available, low-flow sup-
plemental oxygen is effective in preventing worsening of symptoms, and is effec-
tive in and of itself in treating HAPE. In areas where medical care is available (i.e.,
recreational ski areas), when the patient’s oxygen saturation can be increased to
more than 90% with low-flow oxygen, and if the patient has family or friends to
watch him or her, he or she can be sent home on oxygen and seen the next day in
follow-up.

If the patient is more severely ill, has concomitant symptoms. of HACE, cannot
achieve an adequate oxygen saturation while on oxygen, then descent, if possible, is
mandatory. It is important to try to effect the evacuation before the person becomes
too ill to walk or to help in the descent. A decrease in altitude of from 2,000 to 3,000
feet can be remarkably effective. The patient should stay at a lower altitude until all
symptoms are resolved but then may be able to reascend.

Several of drugs (morphine, diuretics, digitalis, and steroids) have been used to
treat HAPE, but there are reasons that many of them may be dangerous to use, espe-
cially in the field setting. If evacuation or descent from a remote setting is not possi-
ble, the portable hyperbaric bag is effective as a temporizing measure.

High-Altitude Cerebral Edema

High-altitude cerebral edema (HACE) is the most severe form of acute altitude ill-
ness, can occur with HAPE, usually occurs at altitudes of more than 12,000 feet, is
the severe end of the spectrum of AMS (i.e., brain edema), can be rapid in onset, and
can be fatal. The critical difference between AMS and HACE is the evolution from
moderate headache to severe headache, not relieved with analgesics, which evolves to
changes in mental state (confusion, greater lethargy, stupor, coma) with accompany-
ing hard neurologic signs (especially ataxia).

Treatment

The signs and symptoms of HACE must be recognized, and immediate descent must
be undertaken. Oxygen is helpful, but its administration should not delay descent.
Once a mountain climber is non-ambulatory, greater risk is incurred by those who
must evacuate the climber, and the likelihood that any of the group will be saved is
dramatically reduced. Dexamethasone should be administered immediately (par-
enterally if possible, 10 mg intramuscularly (i.m.), and then 4 mg orally (p.o.) q.i.d.),
thereafter. Recovery is almost always complete, but some cases of residual neurologic
deficits have been reported.

Miscellaneous

Exercise capacity decreases at high altitude but, with time for acclimation, can
return to near sea level values at up to more than 8,000 feet. Above these altitudes, it
is not possible to regain the same aerobic capacity that one has at sea level. The rea-
sons for the impairment in aerobic capacity are not fully understood. The explanation
that it is hypoxia does not completely explain the decrease.

Training

High-altitude training (from 6,000 to 9,000 feet), has gained much popularity,
although the benefits or detriments are not clear. On the positive side are an increase
in red blood cell (RBC) mass, which improves endurance (natural “blood-doping”), a
possible increase in respiratory muscle strength, and the psychological advantage of
training in an inspiring setting. The downsides are that the intensity of training is
necessarily less (i.e., interval training must be slower), recovery time after workouts
is longer, and there may be a prolonged gradual decline in overall strength and fit-
ness. Researchers continue to try to answer many of these questions. In the mean-
time, the guidelines for training and competing at altitude are as follows: For events
of short duration (less than 2 minutes), one should train at low altitude and arrive
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very close to the time of the event. For longer events, it is probably prudent to train
»! low nltitude but to allow a week or more at the altitude of the competition, if pos-
»ible, for some adaptation to occur, especially mollification of dyspnea, which may be
it limiting.
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14. DIVING-RELATED ILLNESSES

Alfred A. Bove and Tom S. Neuman

The sport-diver community in the United States is estimated to number more than
3 million. In 1994, 1,164 cases of diving-related injuries were reported to the Divers
Alert Network, a volunteer agency which collects diving statistics. Commercial, mili-
tary, and scientific divers constitute a smaller community but are subject to greater
depth and time exposure. With transportation readily available to tropical regions
where sport diving is popular, diving-related disorders may occur anywhere in the
United States, when a diver returns home from a distant diving site.

The weight of atmospheric gases and water on the surface of the earth or beneath
the surface of the water commonly is expressed in units of pressure. The air column
at the earth’s surface weighs 14.7 pounds per square inch (PS]), a pressure designated
as one atmosphere absolute (1 ATA). Pressure underwater increases linearly with
depth. One foot of sea water weighs 0.445 PSI, thus 14.7 + 0.445 = 33 feet of sea water
or about 10 m, which is equivalent to 1 ATA.

Underwater exposure subjects divers to increased pressure, which causes an
increase in concentration of gases in blood and tissues. Because metabolic processes
control the concentration of CO,, this gas is returned to physiologic concentration in
tissues, oxygen concentration increases, and attempts to normalize cellular concen-
tration result in small increases in oxygen concentration, except under conditions of
high oxygen partial pressure (e.g., more than 1 ATA oxygen). Nitrogen and other
inert gases maintain an increased concentration in tissues, and will become super-
saturated upon ascent from depth. Excess supersaturation will form a gas phase with
consequent tissue injury. Protocols have been established for safe decompression
(decompression tables) to prevent gas formation.

Barotrauma
As pressure increases, the volume of gas in deformable spaces diminishes according
to Boyle's law (Pressure * Volume = CONSTANT). Volume in the lungs, middle ear,
paranasal sinuses, gastrointestinal tract, etc., is reduced as pressure increases. The
tympanic membrane may be displaced inward and ultimately may rupture (ear
squeeze). Blood in the middle ear from engorged mucous membranes can cause infec-
tion and hearing loss. Prevention is achieved by ensuring that the eustachian tube is
patent and the middle ear can be equilibrated with ambient pressure before descend-
ing. Sinus squeeze occurs in a paranasal sinus with a blocked orifice, in residual air
pockets beneath a dental filling (tooth squeeze), and in the air space within a diving
mask (mask squeeze). All will produce tissue injury due to displacement of tissues
into the diminishing air space. Treatment of ear squeeze includes use of deconges-
tants, and use of antibiotics if blood is present in the middle ear with no diving
permitted until the ear has returned to normal. A ruptured tympanic membrane
usually heals without intervention if infection does not develop. Sinus squeeze may
be accompanied by epistaxis, because blood exits the engorged sinus. The injury is
usually self-limited, and treatment consists of administration of decongestants. If
acute sinusitis occurs, the patient should be treated with antibiotics. Mask squeeze
causes conjunctival hemorrhage, and engorgement of the face within the mask. The
patient will show a well-delineated injury shaped by the diving mask. No specific
therapy is needed. Squeeze is a common, usually minor consequence of diving. Middle
ear barotrauma is the most common diving-related disorder occurring in divers.
Inner ear barotrauma may occur on descent when a diver with a blocked
eustachian tube performs forceful valsalva maneuvers. The low pressure in the mid-
dle ear, combined with increased pressure in the endolymph resulting from the val-
salva maneuver may cause the round window to rupture and spill endolymph into the
middle ear. Symptoms include sudden onset of vertigo with nausea and vomiting, tin-
nitus, and loss of hearing in the affected ear. On examination the diver may exhibit
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nyatagmus, and a sensorineural hearing loss. Treatment includes management of
vartigo with medication, appropriate positioning to minimize continued endolymph
lenkage, and use of decongestants. Surgical repair of the ruptured round window is
sNen necessary to restore hearing and vestibular function. Divers who sustain a rup-
ture of the round window are advised to avoid further diving, even after surgical
1epair.

Puimonary Barotrauma

lencnuse divers breathe gas pressurized to the ambient pressure, pressure gradients
hom the breathing supply to the airways are minimized. A diver exposed to com-
jwenned air at depth will experience expansion of the lung volume on ascent, accord-
ing to Boyle’s law, because ambient pressure decreases. If the diver breathea
normally and exhales the increasing gas volume, no lung injury will oceur; but if the
{hiver uscends while breath-holding, at the surface the expanding gas will damage the
hing. Overpressure of 95 to 110 cm H,0 can initiate damage to the lung. During
sacent, expanding lung gases may not exit from the lung because of breath-holding or
lneal pulmonary obstructions (such as bronchospasm, pulmonary secretions, or bron-
vholiths). There may be other characteristics of the lung which predispose to pul-
monary barotrauma.

Nport-diving accident statistice suggest that both heavy physical exertion while
diving and rapid ascent, are common causes of pulmonary barotrauma and arterial
ynn ombolism (AGE), but many cases occur without obvious provocation. Symptoms
ununlly are evident shortly after the diver surfaces, when air is injected into the pul-
munary veins, and embolization of the heart, brain and other organs occurs. 50% of
victims are symptomatic immediately upon surfacing, and 95% of victims demon-
alrate symptoms within 7 minutes of surfacing. The most commonly involved organ
in the brain, where stroke-like symptoms are found within minutes of surfacing.
Chunges in behavior, difficulty with concentration, irritability, severe headache, and
visunl changes, may also be manifestations of AGE. Serum creatine kinase may be
mnrkedly elevated due to embolization to skeletal muscle. In severe cases, coronary
smholization will cauge ECG changes which suggest acute myocardial infarction;
1nplacement of blood in the heart and great vessels with air usually is fatal. Gas can
miygrate through the perivascular sheaths of the pulmonary vasculature to cause
mediastinal emphysema and pneumothorax, can dissect into the retroperitoneum,
und may dissect into the subcutaneous tissues of the neck. Divers breathing com-
pressed air at depths greater than 4 feet are susceptible; therefore, the injury can
wecur even in a swimming pool if a compressed air source is used. Prevention is
nccomplished by training. Treatment for AGE is recompression in a hyperbaric cham-
her (see below). Pneumothorax, mediastinal, and subcutaneous emphysema do not
require recompression therapy.

Decompresslon Sickness

K.volution of inert gas in tissues and blood due to supersaturation following diving
vnunes decompression sickness (DCS). Unlike AGE, DCS produces delayed symptoms
nfter ascent from diving and, because the gas supersaturation must exceed a thresh-
nld value, DCS usually does not occur after dives to depths of less than about 26 feet.
In h0% of cases, DCS is evident less than one hour after the diver surfaces. Aviators
may sustain DCS when flying in unpressurized aircraft above 18,000 feet, and divers
may sustain DCS when flying shortly after diving, due to the reduced barometric
pressure of most pressurized commercial aircraft. DCS is classified into two forms, a
mild, nonsystemic form (type 1), which involves skin and joints, and a serious form
itype 2), which involves the blood and several organ systems (Table 14-1). Symptoms
i"Tuble 14-2) can mimic a variety of other disorders. DCS develops after ascent from
dopth when a diver does not follow established procedures to prevent effervescence
of dissolved inert gas (nitrogen). Free gas entering the vascular system can traverse
the veins and cause pulmonary vascular obstruction. This syndrome is manifested
by chest pain, dyspnea, and cough. Buhbles and tissue injury alter vascular per-
menbility. Tn severe cases, pulmonary edema, hypovolemia, plasma loss, and hemo-
concentration will resull. A common manifestation of DCS in divers ie spinal cord dys-
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Table 14-1. Classification of decompression sickness

Type I: Pain-only decompression sickness
Limb or joint pain
Itch
Skin rash

Type II: Serious decompression sickness
Central nervous system
Pulmonary (chokes)
Systemic (hypovolemic shock)
Inner ear/vestibular

function. Symptoms include paresthesias, muscle weakness, paralysis of the lower
extremities, bowel or bladder incontinence, urinary retention, and sexual impotence.
In cases of sudden ascent from deep or prolonged dives, cerebral and spinal neurologic
symptoms and unconsciousness may accompany hypovolemic shock and pulmonary
edema. A rare symptom of DCS is sudden acute neurologic hearing loss or vestibular
dysfunction. Decompression sickness of this type usually is caused by deep, prolonged
commercial diving exposures and may result in permanent hearing loss.

A less serious form of DCS is manifested by pain in extremities and joints, itching,
or an erythematous rash. Extremity and joint pain from DCS may be confused with
pain from injuries; a rash may occur from contact with marine organisms while div-
ing, and be mistaken for DCS. Peripheral manifestations of DCS may be isolated or
accompanied by systemic manifestations. To determine whether more serious sys-
temic manifestations are present, careful neurologic examination is essential in a
diver with isolated joint pain or a rash.

Treatment of Decompression Sickness and Arterlal Gas Embolism

Treatment of DCS and AGE requires recompression in a hyperbaric chamber with
simultaneous administration of oxygen. If recompression therapy is not immediately
available, the patient should be provided 100% oxygen by tight fitting mask, and IV
fluid (normal saline) to prevent hemoconcentration. Divers with joint pains or neuro-
logic abnormalities which develop within 24 hours of a diving exposure (Table 14-3)
should have recompression treatment. Divers who have symptoms immediately upon
surfacing should be managed in a similar fashion. Inappropriate treatments have
resulted in permanent brain and spinal cord injury because of misdiagnosis. Because
there are only a few centers in the United States which can provide expert consulta-
tion in this area, it is important to identify a local treatment facility for consultation.
Persons suspected of having had a diving-related accident involving neurologic

Table 14-2. Frequency of decompression sickness-symptoms in 100 cases

Symptom Percentage of all decompression sickness symptoms
Skin itch 4
Headache 11
Fatigue/malaise 13
Bonefjoint pain 54
Spinal/back pain 11
Spinal/neurological 22
Respiratory 21

Adapted from U.S. Navy Diving Manual. NAVSEA 0994-LP001-9010. Washington, D.C.; U.S.
Govt. Printing Office, 1993.
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Table 14-3. Time of onset of decompression sickness after diving

t wmulative percentage Time of onset
50 30 minutes
85 1 hour
95 3 hours
99 6 hours
100 24 hours

Adapted from U.S. Navy Diving Manual. NAVSEA 0994-LP001-9010. Washington, D.C; U.S.
vinvt P’rinting Office, 1993.

shnormalities should not be admitted to a hospital without hyperbaric treatment
fa: ilition because prolonging the time between onset of symptoms and recompression
twestment increases the risk of permanent neurologic injury.

Adjunctive therapy has been developed to counteract the secondary (i.e., non-
whatructive) effects of bubbles. Persons with neurclogic DCS or AGE may benefit from
uid therapy to prevent hemoconcentration, use of intravenous steroids to inhibit
»erwhirn] or spinal cord edema, and of antiplatelet agents to prevent platelet aggrega-
tin hy bubble surfaces in the blood. The benefits of these interventions, however, are
tweed primarily on animal studies, and clinical trials to determine efficacy have not
wan conducted. In severe DCS, disseminated intravascular coagulation (DIC) may
Jevelop and anticoagulation may be considered. Unlike traumatic cord injury or
«truhe, prompt treatment of neurologic injury from DCS or air embolism often results
1 eneollent recovery of function.

it 1 nometimes difficult to distinguish between severe DCS and cerebral air
ribalinm. These two conditions may coexist when a diver who has been underwater
i a mynificant period of time ascends rapidly and develops pulmonary barotrauma.
Invime treatment of both injuries involves recompression in a hyperbaric chamber,
hyporbaric oxygen, and adjunctive drug therapy, it is less important to make a precise
‘agnomis and more important to institute therapy quickly. Decompression sickness
usunlly develops sometime after diving (Table 14-3). Symptoms may develop within
minules of ascent or may develop late, appearing 24 hours after a dive has been com-
uintedl. On the other hand, pulmonary barotrauma with AGE occurs immediately upon
ssivnding and may produce initial unconsciousness. Because subtle signs of pul-
wunary barotrauma may go undetected in the initial few hours after ascent, timing of
ayimptom onset should not be the only criteria for differentiating this disorder from
1M1t When pulmonary barotrauma is suspected, a chest radiograph may be helpful in
vuling out pneumothorax, mediastinal emphysema, or water aspiration. If water aspi-
vation nccompanies AGE, treatment for near-drowning should also be provided. Long
inlaywn in recompression treatment in order to obtain diagnostic tests should be
“vutiled

Hocompression therapy involves one of several available protocols for application of
p#eanure and oxygen. Commonly used protocols are U.S. Navy Table 6 for DCS and
1 ulle #i-A for AGE. These tables describe the course of pressure and oxygen to be pro-
vkl Lo the afflicted diver.

inert Gas Narcosis

bt aw narcosis (nitrogen narcosis) results from breathing air at depth greater
vhan 100 feet (four atmospheres pressure). Symptoms increase with depth, and
mwhinle losa of coarse and fine motor control and high-order cognitive skills, bizarre
<l inappropriate behavior, improper response to emotional stress, hostility and
~+watunlly, unconsciousness. At depths of 300 to 400 feet, the anesthetic effect of
-hiogen nt this pressure causes unconsciousness. Susceptibility varies; some persons
« v mnnifest severe symptoms at 130 feet. Fatigue, heavy work, and cold water can
<ot the narcotic effect of nitrogen. Symptoms disappear immediately upon sur-
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facing and often there is amnesia about the events that occurred below. In deep div-
ing, helium is used in place of nitrogen, because narcosis does not occur with helium.

Diving with Medical Disorders

Many persons with chronic medical disorders want to dive, and some disorders limit
or prohibit diving. Medication-dependent seizure disorder usually is considered an
absolute contraindication to diving. Some authorities also consider residual neuro-
logic injury from a previous diving accident a relative contraindication. Pulmonary
disorders which are usually considered to be incompatible with safe diving include
spontaneous pneumothorax, emphysema, and severe cases of reactive airway dis-
ease, with difficult-to-control clinical asthma. Individuals with mild asthma well con-
trolled with medication or those with a history of asthma without overt symptoms
appear to have no increased risk of diving-related injury. Atrial septal defect is a con-
traindication due to the risk of paradoxical embolism, and patients with coronary
disease should not dive if exercise tolerance or ischemic threshold is less than 10 to
12 mets (maximum oxygen consumption 35 to 42 mL/kg/min).

Some evidence indicates that a patent foramen ovale (PFO) may increase risk of
decompression sickness, but screening for its presence is not recommended because
of its high prevalence (about 30% of all people) and its uncertain relationship with
DCS. An echocardiogram performed to detect a PFO may be useful in patients with
clinical DCS, particularly when the severity of the injury is out of proportion to the
diving exposure. Insulin-dependent diabetes mellitus is considered by some authori-
ties to be an absolute contraindication, but many divers with well-controlled diabetes
appear to be diving safely. In most medical disorders, the prime consideration is the
need to tolerate a reasonable amount of physical exertion. Persons with exercise tol-
erance of 10 to 12 mets (see above) usually have the capacity to dive safely.

Drugs and Diving

There are few concerns regarding interaction of medications with the diving environ-
ment. Of greater importance is the need to understand the medical disorder that
prompts the drug treatment, to ensure that the disorder itself does not prohibit div-
ing. Because most sport divers are exposed to sunlight, drugs that produce photosen-
sitivity should be avoided. Sedative drugs, including antihistamines, may augment
the effects of nitrogen narcosis, but in the usual sport-diving depths, this is of mini-
mal concern. Antihypertensive medications, including B-blockers, calcium channel
blockers, and angiotensin-converting enzyme inhibitors, in moderate doses, do not
cause problems with diving, as long as exercise tolerance is adequate (see above).
Diuretics should be used with caution when divers are exposed to high ambient tem-
peratures such as those in tropical latitudes.

Suggested Readings
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Network, 1996.

Anonymous. U.S. Navy diving manual. NAVSEA 0994-LP001-9010. Washington,
D.C.; U.S. Government Printing Office, 1993.

Bennett PB, Elliott DH. The physiology and medicine of diving. Philadelphia: W.B.
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Arthur L. Boland and Shawn D. Sieler

Protective Equipment

I'rotective equipment functions either to prevent injury or to protect an injury from
repeated trauma. Equipment may prevent injury by adding mechanical support or
nnhancing proprioception. Energy from collisions is distributed over a wider area and
in directed away from specific body regions. There are many technological improve-
ments in the equipment and clothing now used to protect athletes. Lighter and more
urable plastics have replaced leather in helmets and pads. Air and gel cells are used
in nddition to foam for shock absorption in various pads, helmets, and footwear.
These advances have made equipment more protective yet lighter and less cumber-
some, facilitating both functional performance and athlete compliance. Despite these
improvements, however, fit remains the most important factor in selection uf equip-
mnnt. Equipment that is too small will not protect the body region adequately, while
wquipment that is too large will be cumbersome and restrict full range of motion
tROM). Fancy, expensive equipment that does not fit correctly will not provide the
intended protection, placing the athlete at risk of injury.

The goal of equipment manufacturers and athletic departments is to provide the
hightest, least restrictive, equipmerit while providing maximum protection. The new
and reconditioned equipment is subject to impact standards, such as helmet-testing
by the National Operating Committee on Standards for Athletic Equipment
‘NOCSAE). This is to ensure that the equipment can withstand forces likely to be
sncountered during competition. The governing body of each league specifies which
mpnpment is mandated. These bodies also ensure that equipment is designed and
pmdded so that it may not be used as a weapon against another player.

P'uds, braces, splints, and tape are among the types of protective equipment. Pads
wre used to distribute contact forces to prevent injuries. Pads are the type of equip-
ment mandated for most contact sports. Braces provide mechanical support and
rentrict joint motion, protecting muscles and ligaments. Splints provide external pro-
tection and limit joint motion. Splints may be rigid, semirigid, or soft. The materials
ranye from thermoplastics, soft elastomers, or polyethylene foam. Tapes are used
#iher to hold pads inplace or to limit joint motion, similar to braces. These different
wuipment types all have the same ultimate goal: providing protection from injury
while nllowing maximum athletic performance.

‘The protective equipment for many common competitive and recreational sports
will In desacribed. Emphasis will be on the required equipment for each sport. For
=ut h piece of equipment, the intended purpose, design, and construction materials, as
wrll an proper fit and maintenance, will be discussed.

Pootball

he following equjpment is required: helmet with face-mask; chin strap; mouth
runnl; shoulder pads; and hip, thigh, and knee pads. The football helmet protects the
el from low-velocity, high-mass collisions which may cause diffuse injuries such as
vonvuasion and diffuse axonal injury. Concussions are more than 10 times more com-
wan than focal injuries such as a catastrophic subdural hematoma. The helmet
deaign in a firm outer shell with an inner liner of energy-absorbing pads made of foam
sl inflatable air cells. The helmet is fitted by matching head size to an outer shell,
thon varying liner thickness or adjusting inflatable air cells to tailor the fit. The hel-
wol N must be rechecked within a few days of the initial fit to ensure that the air
rrlla remnin properly inflated. The four-paint chin strap is now mandatory because it
wevanta the helmet from tilting forward or backward with impact. The face mask
veuirement is that it must have more than one bar. Individual masks are chosen by
|A~|Llu'lnu vigion and facial protection, which ie determined by position and personal
povfuronce. The plexiglass shields give added eye protection and are now scratch-
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resistant and fog-free. The mouth guard is an intraoral, upper jaw retainer, which
projects to the last molar. This enables unrestricted breathing and speech while pro-
tecting the teeth and providing shock absorption from chin blows.

The shoulder pads protect the shoulder girdle and decrease the force transferred
onto the lateral acromion from collisions with other athletes or the playing surface.
There is soft padding under the firm outer shell, which is held away from the
acromioclavicular (AC) region like a cantilever. The fit is determined by chest size,
being as snug as possible without interfering with breathing. The outer pad size and
shape varies with position. Additional padding may be placed underneath, with foam
inserts or doughnut cutouts used to protect the AC joint. Other pads may be attached
to the main shoulder pad to provide protection for adjoining body regions. The neck
guard is fastened right to the shoulder pad, limiting cervical spine extension and
lateral bending. Longer anterior and posterior trim lines and newer side pads are
available to protect the quarterback’s thoracic cage, eliminating the older bulky “flak
jacket.” A plethora of non-required pads and braces are used on the upper extremity.
An example is the shoulder harness, which limits abduction and external rotation in
players with anterior shoulder instability. There are elbow, forearm, wrist, and finger
pads available to limit motion or protect bony prominences or soft tissue contusions.

The hip girdle pads protect the coccygeal area and the lateral iliac crest promi-
nence. The pads slip into inserts sewn into the shorts so that the pads remain in the
area of intended protection. The pant jersey has similar insgerts for the thigh and knee
pads designed to protect the leg from direct blows. They are made of a firm plastic
surrounded by foam. These pads are fitted to the players’ waist and leg sizes. Line-
men often prefer additional protection from prophylactic knee braces. The perceived
risk of injury outweighs the speed and agility impairment in that group. These braces
are single or double upright off-the-shelf devices designed to prevent varus or valgus
knee injuries.

External ankle support is a combination of hightop cleats, tape, and braces. The
lace-up ankle brace is used frequently. The effectiveness of bracing versus taping has
been studied extensively. The tape appears to have similar stabilizing properties
initially, but support is lost with exercise.

Hockey

Whereas football players need protection from direct forces of the playing surface and
opposing players, hockey players require additional protection from rapidly moving
projectiles and sticks. The equipment requirements for ice hockey are helmet, mouth
guard, shoulder pads, elbow pads, gloves, hip girdle and thigh pads, and shin pads.
Professionals are not required to wear face masks, although some routinely use half
shields or visors, and face-injured players may wear full masks temporarily. The
visor does not protect the upper face and eyes completely. Collegiate and other non-
professional players must always wear full-length face shields.

Hockey helmets may be suspension or foam-air combination types. The helmet is
fitted to the head size, and the outer shell is adjusted with a screwdriver; some inner
liners are adjustable with air inflation. The hockey helmet must protect against both
high-velocity, low-mass impacts (such as a puck or swinging stick) and low-velocity,
high-mass impacts (such as body to end-board contact). The helmet also protects the
ear from stick and puck injury. The face mask protects the chin, mouth, nose, and
eyes from bodily contact and flying projectiles. Face masks must be full length and
have the approval of the sponsoring league. As scratch-resistant and anti-fog tech-
nology has advanced, the trend is toward complete plexi-glass masks or combina-
tions, with the traditional wire cage. The chin strap is combined with a chin pad
attached to the mask, providing direct protection for the chin and preventing the hel-
met from tilting back and exposing the face. The mouth guard also is an intraoral,
upper-retainer type. Although goaltender helmets may be available in a variety of
styles, all will have the mandatory throat protector.

The shoulder pads provide protection of the lateral acromion and AC joint just as
in football, but are generally smaller and lighter. Longer anterior and posterior
extensions protect the midsection from satick and puck contact. These pads are fitted
by chest size and now extend down to the top of the hip protection. Many women
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1uu oy players prefer the standard shoulder pads developed for men; however, pads
<ith roliof for the breast area made specifically for women are readily available. Neck
«.llw wnd shoulder harnesses are optional equipment, just as they are in football. The
- Hew padu cover the bony prominence of the olecranon and prevent slashing stick
ispinien to the forearms. The gloves extend from elbow pad to the finger tips. The pro-
e tion in dorsal, while the palm is thin leather, allowing for better feel while han-
1oy o atick. The palm is protected when the fingers are wrapped around the stick or
« hi-nr the fiat is clenched. If the leather is torn, purposely or through extended wear,
1. apaned fingers are at significant risk for injury.

Ihe hip girdle and cup provides firm shell and foam protection for the sacrum, iliac
-v»atn_nnd groin. Groin protectors specifically for women are available, and are defi-
tely recommended to prevent pelvic injuries. The thigh and shin protection is now
=i h nnterior and posterior. The shin-knee pad combination has a raised firm plastic
<hinll slong the anterior crest of the tibia. The posterior and superior foam extension
¢rvon ndded protection from sticks and pucks, especially during shot-blocking. The
sukle han minimal protection from this pad and, together with the foot, is lightly pro-
tecfonb only from the skate.

| aurosse

e 1equirement for men’s college lacrosse is: helmet, face mask, mouth guard, shoul-
Av1 pnds, elbow pads and gloves. Women are required to wear only the helmet, face
wuak, nnd mouth guard. Most of the equipment has a function and design similar to
thnt of hockey equipment. The players not only have low-velocity, high-mass impact
«ith nnch other and the playing surface, they are subject to repeated contact from a
stik or firm ball moving at high speeds. Most of the equipment is similar to hockey
in aize, shape, and function.

The helmet is sized to the head and is supposed to sit off the crown of the skull. The
i e musk is mounted onto a short visor, which keeps the mask slightly further from
the Ince. This provides both additional protection and visibility. The chin strap
directly protects the chin and prevents helmet motion. The shoulder pads are nearly
wlontical to hockey pads, though even smaller and lighter. The elbow pads and gloves
romplete the requirement for upper-extremity protection while providing maximal
fuel for stick handling.

Roocer .

Hwcor players need protection from direct force to the anterior crest of the tibia. The
voninct may be from an opposing leg, foot, or shoe cleat. The tibia is protected with a
light shin guard worn and taped under each sock. There are a few preferred types of
splinta, all made of rigid or semirigid materials. The protection derives from a single
lurygo pad or multiple vertical slats. They are based on leg size and are chosen mainly
fm lightness, not protective quality. The men and women use essentially the same
squipment.

Fieid Hockey

I'articipants in field hockey also need protection to the lower leg. The impact comes
hrom the other competitors, their asticks, and the firm ball. Field hockey pads are
nearly identical to those used in soccer. Unlike other contact stick sports, in field
hockey the hands are not well protected with specialized gloves. Instead, golf- or
sailing-type gloves are used, mainly to aid with grip and to prevent blister formation.

Wrestling

Wrentling requires the use of head gear to prevent the ear from repetitive trauma.
The development of “cauliflower ear” may be a lasting deformity. The firm ear pro-
tector i8 covered by foam to protect the other competitor and is secured by a chin
atrap. If the head gear is dislodged or rotated, the match will often be delayed to
replace the gear correctly. Boxers and water polo participants are the other athletes
who require ear protection.
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Baseball

Most nonprofessional leagues require batters to wear helmets with protection for
both ears. The helmet is design to absorb the shock of the fast-pitched baseball.
Because an impact from the ball is a relatively rare event, low-recovery foams may be
used. These foams have maximal energy-absorbing capacity. Unlike football, in
which prevention of diffuse injuries is the main concern, focal injuries like acute
subdural hematoma directly under the impact site are most common in baseball and
are thus the main priority of prevention. It is the responsibility of the batter to turn
the exposed face away from a pitch directed at the head. This self-preservation turn-
ing is a learned maneuver and requires split-second reflexes as well as appropriate
coaching instruction. Some Little Leaguers are now required to have additional facial
protection consisting of a face bar attached to the helmet.

The catcher wears specialized gear for protection from the swinging bat, and from
the pitched baseball, which rapidly changes direction just a few feet away. Like those
of hockey goalies, the helmet and face mask in baseball must provide throat protec-
tion. Serious neck and airway problems have been caused by splintered bats and foul
balls. Most masks have a throat extension built onto the lower portion. The chest pro-
tector is soft foam, to lessen impact. The catching shoulder is protected by the chest
pad, while the dominant shoulder is exposed so that throwing is unimpeded. A cup
absolutely is needed to protect the groin area. The thighs have no pads, but are pro-
tected by the squatting posture of the catcher. The shin pads are foam under a raised
firm shell. They span from the ankle, across the knee, to the lower thigh. All equip-
ment is made to match the particular body size.

In-line Skating

In-line skating is performed on concrete and asphalt surfaces shared by bikers and
motorists. This, combined with the rapid speeds attainable, puts the skaters at risk
for serious head injuries. A securely strapped helmet is therefore strongly recom-
mended. The helmet is different in design than those for football and baseball. It is
designed for one massive impact at a higher velocity. The foam liner is crushable, a
type that can absorb the most impact. The {iberglass outer shell is designed to self-
destruct on impact, also enabling maximal force dispersion. After an accident, the
helmet must never be used again. The wrist guards contain a rigid plastic longitudi-
nal slat which deflects the impact of a fall from the outstretched hand and wrist. It is
very rare for a skater to incur a wrist fracture while wearing these guards. The knee
and elbow pads mainly help reduce the frequency and severity of abrasions. Similar
recommendations can be made to skate-boarders.

Cycling
In many states, it is mandatory for children to wear a helmet while riding a bicycle.
Helmet wear is strongly recommended for all cyclists because of the risk of pre-
ventable head injury. The helmets’ design is described in the above section on in-line
skating.

Summary -

Protective equipment must not be heavy or cumbersome, or athletes will not comply
with established recommendations. The equipment must provide the maximum pro-
tection while being least restrictive. Most equipment now is certified as meeting
safety standards intended to guarantee some minimal amount of protection. The
most important measure, however, is ensuring proper fit of the equipment, to ensure
the maximum benefit from modern equipment design and to comply with league
rules. Frequently used equipment requires regular maintenance. Finally, optional
an:;ldB custom pads are available which may be tailored to each athlete’s particular
needs.
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Ann C. Grandjean, Kristin J. Reimers, and Jaime S. Ruud

In Part I of this chapter, we outline nutrition guidelines for calories, carbohydrate,
prulein, and fat. In Part 11, we review fluid and electrolyte concepts. In Part III, we
provide information to guide athletes whose goals are fat loss, rapid weight loss, or
woight gain.

PART I. ASSESSING THE TRAINING DIET

i. Energy Requirements

Energy requirements depend on many factors such as body size, demands of the

sport, period of training, training conditions, age and nontraining activity level.

Significant intra- and interindividual variation exists in energy requirements.

Among the highest reported energy intake groups are male swimmers, cyclists,

triathletes, and basketball players, with intakes as high as 6,000 kcal/day being

reported. Groups with lower energy intake include female figure skaters, gym-
nasts, and dancers, who may consume as few as 1,200 kcal/day. Based on per
kilogram of body weight (bw), the highest intakes (65 kcal’kg bw) reported are
those of adolescent swimmers and the lowest (28 kcal/kg bw) are those of
wrestlers during the competitive season. Examination of individual data shows
un even larger range of energy intakes, from a few hundred calories to more than

7,000 calories.

A. Estimating calorie requirements is difficult due to significant day-to-day,
season-to-season, and athlete-to-athlete variation. However, general esti-
mates of calorie requirements can be derived by energy balance techniques
or by equations.

1. Energy balance techniques. In the presence of stable weight, energy
intake equals energy output/requirement. Assessment of energy intake
is best achieved by analyzing one or more accurate, complete 3-day food
logs.

2. Equations for estimating daily energy needs. A simple rule of thumb to
estimate energy needs is to multiply the athlete’s weight in pounds by
one of the following factors: activity level for males, light—17, moder-
ate—19; heavy—23; activity level for females, light—16, moderate—17,
and heavy—20.

. Carbohydrate Requirements

Carbohydrate (CHO) requirement for most situations are not known due to wide
interindividual and intersport variation. In most research conducted to deter-
mune CHO requirements, runners and cyclists have been examined in laboratory
wettings. Data from these studies has been extrapolated to athletes in other
sports because no better data currently exist. As more applicable data become
available, current recommendations may change.

A. Range of requirements. Research indicates that athletes training or compet-
ing frequently at high intensities (more than 70% VO,y,,) for prolonged
periods of time (more than 60 min) have a high CHO requirement; approxi-
mately 8 to 10 g CHO/kg bw/day will maintain muscle glycogen. Examples
include distance runners and triathletes. Athletes whose training and com-
petitions consist of brief periods of high-energy output, alternating with
shurt periods of rest, such as those of sprinters, weight lifters, and football
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players, have lower CHO requirements; 5 g CHO/kg bw/day will support
training. Regardless of sport, 200 g CHO/day is considered the minimum
requirement. Along this continuum of CHO requirements, actual intakes
vary significantly. Unless a problem with performance is observed, a drastic
change in CHO intake is not indicated.

Protein

Athletes have increased protein requirements as compared with sedentary per-
sons. Although, in the popular press, carbohydrate is emphasized and protein
deemphasized as being essential to diet, adequate protein intake is not to be
assumed in all athletes.

A. Factors that increase an athlete’s protein requirements include:

1. Low-calorie diet. An important factor affecting protein requirements is
the interrelationship of protein and energy (calories). Increasing energy
intake improves nitrogen balance. Therefore, protein requirements
increase as energy intake decreases.

2. Vegetarianism. Because digestibility and amino acid composition of
plant protein is inferior to animal protein, vegetarians require greater
protein intake. The Recommended Dietary Allowance for protein intake
assumes a mixed diet containing 65% to 69% of protein derived from
meat, poultry, fish, milk, milk products and/or eggs with the remaining
31% to 35% derived from plants. As the percentage of protein derived
from plant protein increases above 35% of total protein intake, the
amount of total protein needed on a basis of gram per kilogram of body
weight also increases.

3. Endurance or strength training. Utilization of protein (primarily
leucine, isoleucine, and valine) as an energy substrate increases during
endurance events. The amount utilized is variable based on glycogen
stores and/or carbohydrate consumption.

4. Resistance training. Resistance training and the muscular hypertrophy
it produces increases protein requirements. The increased need appears
to vary with degree of effort and phase of training.

5. High muscle:fat ratio. A higher percentage of muscle tissue at a given
weight will increase protein on a gram-per-kilogram basis.

6. Growth. Growth in young athletes increases protein requirement.

B. Protein requirement (assuming adequate calorie intake and a representa-
tive American diet containing both animal and plant proteins) for endurance
athletes is 0.9 g to 1.4 g/kg bw/day; for strength athletes, it is as much as 1.8
g/kg bw/day. Because many athletes do not fall neatly into either category,
as a rule of thumb, most athletes are assured adequate protein requirements
by consuming 1.5 to 2.0 g/kg bw/day.

. Fat

Fat is a concentrated source of energy. It functions as a carrier of fat-soluble vit-
amins, adds palatability to the diet, and has a protein-sparing effect. The dietary
fat intakes of athletes vary considerably; intakes well above and below the com-
monly recommended 30% of total calories are common. Because dietary fat
intake has not been shown to be ergogenic or ergolytic, if protein and carbo-
hydrate intakes are appropriate, dietary fat manipulation is not indicated
unless there is medical indication.

PART Il. FLUIDS AND ELECTROLYTES

I. Fluld Replacement

Fluid replacement is critical to athletic performance. Consumption of fluids in
sufficient amounts is essential for normal body function and, of particular con-
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corn to athletes, for thermal regulation. Failure to replace fluid lose results in
dehydration, which can not only impair performance but can also be life-threat-
ening. Unfortunately, deaths of athletes as a result of medical problems related
to excessive heat stress during practice or game continue to be reported.

H. Total Body Water

Total body water is determined largely by body composition; water constitutes
65% to 75% of the weight of muscle and less than 25% of the weight of fat.

Approximately two thirds of total body water is intracellular.
A. Water requirements. Requirement for water is approximately 1 ml/kcal
_energy expenditure for adults under normal conditions of energy expendi-
ture and environmental exposure. This recommendation is increased to
1.5 ml/kcal to cover variations in activity level and sweating. Extreme or pro-

longed conditions, as well as individual variations, must be considered.

B. Water balance. Under normal conditions, fluid balance is achieved by regu-
lation of fluid intake induced through changes in thirst sensations and reg-
ulation of loss through the kidneys (Table 16-1). However, during periods of
physiologic stress, thirst is not an adequate regulator of water requirements.
See section V on monitoring hydration status.

. Temperature Regulation
The core temperature regulatory center is in the preoptic area of the anterior
hypothalamus and.performs an important role in maintaining thermal balance.

When the blood bathing the hypothalamus exceeds 37°C (98.6°F), a reflex

response (Benzinger reflex) dilates skin blood vessels and causes sympathetic

cholinergic stimulation of eccrine sweat glands.

A. Heat gain. Heat is gained directly from the reactions of energy metabolism,
especially in conversion of biochemical energy into mechanical work. During
vigorous exercise, the metabolic rate can increase as much as 20 to 25 times
basal level, producing a theoretical increase in core temperature of 1°C every
5 minutes. Heat may also be gained directly from the environment through
radiation, conduction, and convection when the ambient temperature is
greater than skin temperature. Dark clothing absorbs light and adds to radi-
ant heat gain. In response to exercise in the heat, skin blood vessels dilate
and blood is shunted from the visceral organs to working muscles and skin.
Total peripheral resistance decreases and pulse pressure increases. Heart
rate (HR) and stroke volume increase, improving cardiac output (CO) to
meet the increased demands on the circulatory system.

B. Heat loss. As ambient temperature rises, the body must rely more on sweat
evaporation for heat loss. Sweat evaporation lessens in high humidity. Heat
loss in high humidity depends on (1) the surface exposed to the environment,

Table 16-1. Average daily water balance in adults

Water Milliliters
lestnhe
Liquids 1,100-1,200
Food 500-1,000
Water of oxidation 300400
Total 1,900-2,600
Thatput
Urine 900-1,400
Inaensible loss via skin and lungs 800-1,000
Focon 200

Total 1,900-2,600




132 16. Nutrition

(2) the temperature and relative humidity of the ambient air, and (3) the
convection air currents around the body. Athletes exposed to high tempera-
ture, high humidity, and sunlight can experience sizable fluid losses: 2 to 3
L of sweat per hour to as much as 16 L/day. If fluid lost from sweat is not
replaced, strength, power, endurance, and aerobic capacity will decrease.

In conditions that allow rapid evaporation (including cloud cover, steady
breezes, and low humidity), daily cooling capacity from sweating is several
thousand calories per day. As sweat in contact with skin evaporates, the heat
transierred by conduction from the skin to the sweat is transferred to the
environment, which has a cooling effect on the skin. The cooled skin sub-
sequently cools the blood that has been shunted from the interior to the

periphery.

IV. Dehydration and Thermoregulation

Vi

The ability of the thermoregulatory and circulatory systems to meet the thermal
and metabolic stress of exercise is markedly reduced in the volume-depleted
state. A lowered blood volume in the dehydrated state results in decreased blood
flow to the skin and hinders heat loss. A fluid loss of as little as 1% of total body
weight is associated with a significant increase in core temperature during exer-
cise. When dehydration becomes extreme, the body stops sweating in an attempt
to conserve remaining blood volume. In this state, core temperatures can rise to
lethal levels.

A. Adverse effects of dehydration. Fluid loss equal to 1% of body weight impairs
thermoregulation; at 3% to 5%, rectal temperature and HR increase and CO
decreases; and, at 7% loss, collapse is likely.

B. Involuntary dehydration. Humans will not maintain euhydration during
periods of physiologic/thermal stress when fluid is consumed ad libitum.
Experience shows that most athletes will voluntarily replace only two thirds
of body water lost as sweat during exercise. Thirst is not an adequate indi-
cator of fluid requirements during exercise, because an athlete is already 1%
dehydrated when thirst is sensed.

Dehydration can be acute or chronic in nature. Acute dehydration can
occur in a matter of 2 to 3 hours. Chronic dehydration is less visible and
potentially more dangerous than acute dehydration. It usually results from
several days of cumulative dehydration and, in athletes commonly occurs
during early fall football or soccer practice.

. Monitoring Hydration Status

Hydration status is best monitored by weighing before and after exercise while
nude and dry. A decrease in body weight after exercise represents fluid loss from
sweating; a pound of weight lost is equal to 16 ounces (480 ml) of water. This
fluid should be replaced and weight should be normalized before the athlete par-
ticipates in the next training episode or competition. Other signs of volume
depletion include increased urine specific gravity, resting tachycardia, and pro-
longed muscle soreness.

Although less accurate, hydration status can also be assessed by the volume
and color of urine. An adult produces a urine volume of about 1.2 quarts every
24 hours. Therefore, infrequent urination can be an indication of dehydration.

Fluld Replacement

The primary goal of fluid replacement is to maintain plasma volume so that cir-

culation and sweating are not compromised. An adequate fluid replacement

schedule is critical. Failure to replace fluids during exercise can result in

impaired heat dissipation, which can elevate body core temperature to levels

above 104°F.

A. Absorption. The amount of ingested fluid that enters the circuiatory blood
depends on specific factors that influence gastric emptying and subsequent
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intestinal absorption of ingested fluids. Gastric emptying rate is influenced
by the volume, temperature, and composition of the ingested fluids. Gastric
emptying increases in proportion to the amount of fluid consumed, with a
maximal rate of emptying achieved at a volume of approximately 600 ml.
Maintaining a relatively large gastric fluid volume is beneficial when sweat
rate is high.

B. Fluid type and amount will depend on the athlete, the duration and inten-
sity of exercise, and the environmental temperature. In addition to normal
daily fluid requirements (approximately 64 ounces), athletes should con-
sume enough fluid to normalize weight after each training session or compe-
tition. Until the athlete determines that amount, a starting guideline is
consumption of 2 cups (16 ounces) of fluid 2 hours before exercise followed by
another 2 cups 15 to 20 minutes before exercise and 4 to 6 ounces of fluid
every 10 to 15 minutes during exercise.

Cool water (between 59°F and 72°F) is an ideal fluid replacement. The
addition of carbohydrate and/or electrolytes (e.g., sport drinks) can enhance
fluid intake and absorption and delay fatigue in endurance exercise lasting
more than 60 minutes. A 6% to 8% carbohydrate solution in the form of glu-
cose, glucose polymer, or sucrose is absorbed rapidly and helps maintain
blood glucose levels and enhance carbohydrate oxidation during exercise.
Fructose i8 not actively absorbed and, when consumed in large quantities,
can cause gastro-intestinal (GI) distress. After activity, flavored fluids can be
more palatable than-water and thereby will promote fluid replacement, as
can food intake.

Vil. Electrolytes
The role of electrolytes includes regulation of body water distribution between
various fluid cempartments, muscle and nerve contraction, and enzymatic con-
trol of cellular reactions.

A. Sodium is the mineral most affected by physical exercise; a deficiency can
impair athletic performance. The concentration of sodium in sweat averages
approximately 50 mmol-L"* (1,150 mg/L) but can range from 20 to 100 mmol+
L' (460 to 2,300 mg/L) depending on the state of heat acclimation, diet and
hydration. In most cases, sodium lost in sweat can be replaced by normal
dietary intake. Some athletes may need to increase intake of foods higher in
sodium (i.e., pizza, ham, salted snack foods, and 8o on), and/or salt their food
at the table.

1. Heat cramps due to sodium depletion may occur under extreme condi-
tions in athletes who sweat excessively, who are not acclimated to the
heat, and/or who have low sodium intakes (less than 2 to 4 g/day).

B. Potassium plays an essential role in muscular contraction and nerve con-
duction and helps in the transport of glucose across cell membranes and in
the storage of glucose. More than 90% of ingested potassium is absorbed
from the GI tract but, due to the kidney's regulatory role in potassium bal-
ance, higher and lower intakes are not reflected in fluctuations in plasma
potassium. The most frequent cause of potassium deficiency is excess loss,
usually through the kidney or alimentary tract such as during prolonged
diuretic use, severe vomiting, chronic diarrhea, or laxative abuse. Signs and
symptoms include fatigue, neuromuscular disturbances, and/or GI disor-
ders. For most athletes, potassium replacement is not a major concern
because losses are minimal relative to normal intake. Potassium lost in
sweat can generally be replaced with a balanced diet providing approxi-
mately 1,875 to 5,625 mg/day. The average U.S. intake is 2,000 to 4,000
mg/day. Potassium requirements for an athlete who sweats profusely can
usually be met by increasing potassium-rich foods such as citrus fruits and
juices, meat, melon, strawberries, tomatoes, bananas, potatoes, and milk.
Potassium supplements and/or electrolyte beverages containing potassium
usually are not necessary. Table 16-2 lists potassium-rich foods.
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Table 16-2. Foods that provide 5.0 mEq (290 mg) or more of potassium

per average serving
Cereals Carrots, raw
All Bran Celery, boiled
100% Bran Lentils and legumes
Bran Buds Parsnips
Bran Chex Kale, boiled
Meat Potato
Beef Pumpkin
Lamb Spinach
Pork (except bacon) Squash, winter
Turkey Tomato
Veal Zucchini, boiled
Fish Fruits
Bass Apricots, raw
Carp Avocado
Catfish Banana
Cod Cantaloupe
Flounder Honeydew melon
Haddock Kiwi
Halibut Mango
Herring Orange
Perch Pear, fresh
Pile Pineapple
Pollack Prunes
Red snapper Raisins
Salmon Rhubarb
Sole Strawberries
Tuna Tangelos
Milk Nuta/seeds
Buttermilk Almonds
Cottage cheese (2% fat) Chestnuts
Yogurt Peanut butter
Vegetables Pistachios
Broceoli, boiled Soybean nuts
Brussels sprouts Sunflower seeds

PART lil. ISSUES OF WEIGHT AND BODY COMPOSITION

Athletes commonly seek out nutritional advice for three reasons: to reduce body fat,
reduce body weight rapidly, or increase lean body mass. Assessment and guidelines
are covered.

|. Body Fat Loss
Body fat loss can be ergogenic for athletes who are required to carry their mass
through space at a high rate of horizontal or vertical velocity, e.g., high jumpers,
sprinters, and pole vaulters. Body fat loss may also be ergogenic for athletes
whose speed, endurance, agility, and jumping height would be enhanced
through body fat loss, e.g., distance runners; road cyclists; and football, basket-
ball, volleyball, baseball, softball, and soccer players. Likewise, athletes who
participate in sports in which scoring is influenced by appearance attempt to
maintain low body fat levels (e.g., those who participate in artistic and rhythmic
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gymnastics, figure ekating, dancing, and bodybuilding). As these examples indi-

cate, athletes who seek to lose body fat may be very lean or moderately “fat.”

A. Assessment includes body composition assessment, weight change history,
food intake and eating habits, and family weight history to determine
genetic influence. Menstrual history in female athletes will help determine
the health status of a lean female athlete. If amenorrhea exists, further calo-
rie restriction is contraindicated.

1. Determining minimum body fat levels depends on the athlete’s genetic
predisposition, development, sex, and performance. Some athletes natu-
rally have levels of body fat considered subminimal and remain healthy
and competitive. Others have body fat levels considered “high” as com-
pared with those of their teammates, but below those which perfor-
mance and health suffers. Determining optimal percent body fat on a
case-by-case, trial-and-error basis appears to be the most useful method.

If a lean female athlete is trying to achieve prepubescent body fat level,
expect that fat loes will be difficult to achieve. If menses cease, if energy
level/performance diminishes, or if weight/fat loss ceases despite contin-
ued calorie restriction, reassess and determine whether body fat loss
efforts should continue. The ability to achieve and maintain minimal
body fat levels is largely genetic. Some athletes will be able to do so while
maintaining health and performance. Others will experience health and
performance problems .(e.g., recurrent illness or injury, amenorrhea,
diminished strength and endurance). The clinician must be aware that
athletes who can not easily achieve low body fat levels may try more
extreme methods. Sometimes an athlete’s acceptance that he or she has
“matured out of” a sport or weight class requires counseling and support
from the clinician. ’

B. Guidelines. Body fat loss is best achieved during the off-season and/or early
preseason. Lean athletes can expect a rate of loss of less than or equal to
/2 Ib/week. Athletes with excess body fat can lose as much as 2 pounds of
body fat or 1% body weight per week.

Creating a negative calorie balance by dietary modification and physical
activity is the cornerstone of body fat loss. Based on the athletes’ ability
to modify diet (determined by such factors as training schedule, food avail-
ability, financial constraints, likelihood of compliance, and others), consider
recommending methods such as establishing a regular eating schedule con-
sisting of at least three meals a day, substituting fruits and vegetables for
higher-calorie snacks, substituting low-fat foods for foods with higher fat
content, and restricting alcohol, beer, and wine. Maintenance of food logs by
the athlete is a valuable tool to increase awareness of consumption. Because
a lean athlete’s food intake typically is not excessive, reducing calorie intake
by 200 to 300 calories a day is significant/maximal.

For some athletes, physical activity/training is already at maximum.
However, for others, aerobic activity can be increased to enhance calorie
expenditure. Cross-training can enhance calorie expenditure in athletes who
have become efficient in the primary training activities.

I Rapid Weight Loss

Hupid weight loss (primarily fluid loss) is8 commonplace in sports with weight
cInusifications, e.g., wrestling, judo, crew, weight lifting, or boxing. The process
of rapid weight loss, often referred to as “cutting,” is typically accomplished by
reatricting food and fluids and increasing sweating for 3 to 10 days before com-
potition. Methods used include fluid and food restriction, exercise, and use of
rubberized sweat suit, sauna, diuretics, and laxatives. After precompetition diet-
ing/dehydration, athletes “refeed” and rehydrate after weighing in. The practice
in ropeated with each competition of the season.

Many professionals in the areas of science and medicine believe that cutting
woight is ergolytic and detrimental to health. However, research does not con-
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firm or negate this belief. Despite potential thermoregulatory dangers posed by
dehydration, high-power performance lasting less than 30 seconds may not be
affected if weight loss through dehydration is less than 5% of body weight.
Seasoned athletes practice cutting weight with no apparent adverse con-
sequences. Athletes who experience problems (e.g., frequent infections, heat ill-
ness, inability to make the weight class) are usually those who attempt to lose too
much weight or to stay at the lower weight instead of refeeding and rehydrating.
Investigators have claimed that cutting weight will increase the incidence of eat-
ing disorders, growth failure, and renal compromise is increasing, but no data
either support or discount these claims. Earlier claims about reduction in resting
metabolic rates in wrestlers who weight-cycle (i.e. rapidly lose and gain weight
repeatedly during the season) have been refuted; no long-term change in meta-
bolic rate has been observed.

A. Assessment. Although it is conventional (and often indicated) for health pro-
fessionals to advise against cutting weight, most athletes will cut weight with
or without professional guidance. Based on their personal philosophy and
the specific situation, to help minimize or to aveid complications, clinicians
may find it suitable to offer guidance to athletes who are cutting weight.

B. Risks. The risks of rapid weight loss should be reviewed with the athlete.
These include fatigue, weakness, dizziness, decreased concentration, irri-
tability, muscle cramps, muscle loss, glycogen loss, inability to restore fluid-
electrolyte balance between weigh-in and competition, and diarrhea,
nausea, and vomiting during the refeeding phase. Those most susceptible to
complications are young inexperienced athletes who cut significant weight
(e.g., more than 5% of body weight) and try to maintain a chronic state of
dehydration and food restriction.

C. Guidelines. The schedule of competitions, tolerance to dehydration and
refeeding, age, experience, and competitive status will have impact on the
weight-cutting routine and guide the clinician who chooses to work together
with the athlete to establish a routine that “works” for the athlete in terms
of health and performance. The following guidelines will help an athlete
develop a weight-cutting routine.

1. If competitions are spaced a week apart, do not restrict food and fluid
during the first 2 to 3 days of the week. This will only prolong the state
of dehydration.

2. Reduce bulk-forming foods (high-fiber cereal, raw fruits and vegetables,
milk and cheese) in the diet a few days before weigh-in.

3. Twenty-four to 48 hours before weigh-in, decrease food and fluid and
increase exercise. The safest routine allows the athlete to achieve the
desired weight for the shortest time possible.

4. Immediately after weigh-in, rehydrate with a carbohydrate-electrolyte
replacement beverage or water. Consume more concentrated food or
fluid as tolerated. Liquid meal replacements may be better tolerated by
athletes who are significantly dehydrated than will a traditional meal.

5. Recording weight-loss methods, refeeding techniques (what is drunk
and eaten and how much), and performance outcome will help the ath-
lete develop a routine that is suitable and help determine the viability of
cutting weight.

N. Welght/Strength Galn

The key to gaining lean muscle mass is progressive resistance training (i.e., sys-

tematic weight-lifting program) and adequate diet. However, genetic predisposi-

tion, somatotype, maturity level, and compliance will determine the progress of

an athlete.

A. Strength training program. The appropriate progressive, resistance-training
program is the basic impetus to create lean tissue rather than fat tissue.
Without training, fat mass will increase.
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B. Nutrition program

1. Meal/snack frequency. Five to nine meals/snacks daily normally are
required. Skipping breakfast will impede progress. Continuous avail-
ability of food allows the athlete to eat whenever hungry or on the pre-
determined schedule.

2. Diet composition. If the athlete’s food volume is maximum, the goal is to
increase calories without adding bulk. This can be accomplished by
adding butter, margarine, peanut butter, sauces, salad dressing, syrup,
Jam, jelly, sugar, cheese, or powdered milk to the diet.

3. High-calorie supplements in the form of shakes, canned beverages, or

" bars are beneficial when an athlete is unable to increase calories by con-
suming traditional meals and snacks and when conventional foods are
not convenient. The primary goal is increased caloric intake; therefore,
the supplement chosen is appropriately determined by the athlete’s pref-
erence, product availability, and financial resources.

4. Protein. Muscle hypertrophy increases protein requirements. Although
the typical protein intake of many athletes will meet this increased
requirement, that of others will not. Protein intake is often deempha-
sized by health professionals, but protein intake is a priority (real or per-
ceived) for most weight-training athletes. Use of protein powders and
amino acid supplements remains prevalent. Although such supplements
usually are not a significant or necessary source of protein during weight
gain, the psychological benefit derived from their use can be significant.
Athlete’s questions regarding supplements or other weight-gain aide
deserve adequate attention, from the team physician or trainer because
they can indicate a curiosity about other anabolic alternatives.
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17. PERFORMANCE ENHANCERS

John A. Lombardo

|. Background
Performance enhancers are drugs, supplements, or procedures used to advance
an athlete’s performance from a “normal” level to a “supranormal” level. A
supranormal level is one that is not attainable at any point without the use of
the drug or procedure. If an athlete develops a tolerance for the drug or proce-
dure, he or she is taken from a subnormal level, when not using the drug or pro-
cedure to a normal level, when one is used.
There are four types of performance enhancers.

1. Anabolic agents

2. Stimulants

3. Enhancers of oxygenation

4. Relaxants

When one evaluates a drug or procedure in this area, five questions must be
answered:

1. What is the pattern of use?

2. Does it give the desired benefit (is it efficacious)?

3. What are the adverse effects?

4. What are the moral and legal implications of use?

5. Can it be detected by drug testing?

A Pattern of Use. The information for patterns of use is obtained through:

1. Surveys—there are inherent problems with surveys but these give the
best information about drug use patterns.

2. Drug testing results—the only information obtained from these results
is the number of athletes that test positive, not the number of athletes
that use the drugs.

3. Anecdotal reports—any statements or reports based on unscientific
experiments or hearsay.

4. Legal infractions—like the drug testing results, these report only indi-
viduals who have had legal problems.

5. Beware the “Guesstimates of experta®—certain persons often are por-
trayed as experts by the media but have a limited frame of reference and
inaccurate information.

B. Efficacy. The information for efficacy is obtained through:

1. Scientific data—results of research are difficult to evaluate because
studies are few and do not replicate the environment in which the drugs
or procedures are used.

2. Anecdotal reports—like unscientific information, anecdotal reports of
success with a drug or procedure are fraught with confounding biases as
well as the unknown influence of the “placebo effect.”

C. Adverse effects. The information on adverse effects is dependent on:

1. Large series of individuals using the drugs—these series generally are
found in the original research performed in preparation of the drug for
FDA approval; there have been few large series done on athletes who
have problems associated with drug use (these would be difficult to
gather because drug use is not readily admitted and also because there
is a large percentage of counterfeit drugs distributed, making it ques-
tionable whether the drug use is real or perceived).

2. Case reports, either individual or a series—as with any clinical entity,
patients are seen by busy clinicians and are underreported for a number
of reasons.

3. Anecdotal reports—anecdotal reports are still an inaccurate mechanism
through which to reach conclusions (although they must be considered).

141
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D. Moral or ethical implications. Performance enhancers are coercive drugs
that result in an uneven playing field and limit the choices for the athlete
who wants to be successful but does not want to use drugs.

E. Legal implications. Many of these drugs are controlled substances and pos-
session and their distribution is illegal.

1. In many states, medical licenses can be suspended or revoked for pre-
scribing some of these drugs for performance enhancement.

ll. Performance Enhancers
A. Anabolic Agents
1. Androgens

a. Testosterone and synthetic anabolic steroids

(1) Oral and injectable synthetics have been popular in the past.
However, with the advent of drug testing, these agents are now
used predominantely by high-school athletes or those who either
compete in an activity in which testing is not performed or are
not involved in competition but simply take the drugs to “look
good.”

(a) Dimethyltestosterone—potent, short half-life

(2) Testosterone had been only available in long and short acting
injectable forms. Now scrotal patches are available which deliver
steady levels of testosterone.

b. Efficacy
(1) Lean mass increases when a high dose of androgen is used

regardless of exercise, or when high-intensity exercise and
proper diet and a moderate dose of androgen are used.

(2) Strength increases with high-intensity exercise and proper diet
and the use of androgens.

(3) Recovery from high-intensity work is facilitated by the use of
androgens. The mechanism for this effect is unknown but is
believed to be related to the levels of catabolic corticosteroids and
anabolic androgens combined with high-intensity work.

(4) A rapid recovery can result in a higher level of work and can lead
to increased speed and endurance.

c. Adverse effects. Most of the adverse effects of androgens are
reversible when the drugs are removed. Those that are irreversible
are indicated by an asterisk (*).

(1) Cardiovascular
(a) Increased blood pressure
(b) Decreased high density lipoprotein cholesterol (HDL-C)

(c) Increased risk of cardiovascular accident (CVA) and myocar-
dial infarction (MI)
(d) Possible association with cardiomyopathy

(2) Carcinogen—associated with an increased risk of developing can-
cer*—possibly through alterations in immune function
(a) Liver
(b) Kidney
(c) Prostate
(d) Testicular

(3) Musculoskeletal—weakening of connective tissue through possi-
ble changes in collagen structure leading to increased incidence
of injury

(4) Psychological/behavioral—associated with psychosocial changes,
including
(a) Psychoses
(b) Depression
(c) Aggressive behavior
(d) Mood swings
(e) Libido changes—increase or decrease
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(5) Other
(a) Masculinization in women* including lowering of voice, skin,
and hair pattern changes and associated with hirsutism,
enlargement of the clitoris, and decrease in breast tissues.
(b) Premature closure of growth plates* with an unknown mech-
anism and an uncommon but real occurrence
(¢) Immune system changes
(d) Human immunodeficiency virus (HIV) transmission with
needle use*
(e) Acne
(D Gynecomastia*
(g) Prostatic hypertrophy
(h) Impotence
(i) ‘Decrease in number and function of sperm
Drug testing

! (1) Sensitive and specific for synthetics

(2) T/E ratio for testosterone, with a ratio of 6:1 being positive
Approximately 2 in 1,000 have a ratio naturally greater than
6:1.

(3) DMT can be identified but has short half life.

(4) Profiling key for future

2. Human growth hormone (HGH) and insulin growth factor 1 (IGF-1)

a.

o o

Short half-life, structure identical to naturally occurring HGH and
IGF-1

. Not a controlled substance
. Believed to be “Fountain of Youth”
. Increasing availability

(1) Efficacy. No research has been done on IGF-1 efficacy and study
of HGH is limited.
(a) HGH enhances strength and lean mass in HGH-deficiency
states
(b) Studies on strength in those without HGH deficiency mixed
(¢) No studies on IGF-1
(2) Adverse effects
(a) Acromegaly
(b) Diabetogenic
(3) Drug testing
(a) Short half-life
(b) Same structure as naturally occurring

3. Human chorionic gonadotropin (HCG)

a.
b.

C.

Analogue of luteinizing hormone (LH) stimulates testes to produce
testosterone

Efficacy

(1) Anecdotal reports: positive effects

Adverse effects

(1) Gynecomastia—increase in estrogen

(2) Fluid retention

(3) Changes in libido

(4) Blood pressure increases

. Drug testing

(1) Can be identified by gas chromatography/mass spectrometry
(GCMS)

4. p-Sympathomimetics

a.

b.

Shown to have anabolic qualities when taken orally, but no anabolic
effect when inhaled

Efficacy

(1) Moderate to strong anecdotal evidence of strength increases

(2) Increases in lean mass shown in animal studies and anecdotally
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C.

d.

Adverse effects

(1) Tachyarrhythmias

(2) Anxiety, tremors, insomnia

(3) Anorexia, nausea, vomiting
Drug testing

(1) Sensitive and specific urine test

5. Amino acids

a.
b.

C.

d.

Lysine, ornithine, and arginine believed to be building blocks for

muscle and stimulants of HGH release

Efficacy

(1) Weak anecdotal reports

Adverse Effects

(1) Renal and hepatic overload

(2) Purity of substance (if it is classified as food it is not as controlled
by the FDA as drugs are).

Drug testing

(1) No test used

6. Creatine

a.
b.
c.

e.

Ninety-five percent of total body creatine found in skeletal muscle

Functions in the cellular energy system

Efficacy

(1) Early studies show enhancement of strength and performance in
high-intensity exercise

(2) No improvement in endurance exercise

. Adverse effects

(1) No known adverse effects with short-term supplementation

(2) No studies or reports on effects of high-dose, long-term supple-
mentation

Drug testing

(1) Creatine is neither banned nor are tests conducted for use.

7. Natural Steroids

a.
b.

C.

d.

Yohimbe, Smilax, y-oryzanol
Efficacy

(1) Weak anecdotal reports
Adverse effects

(1) Purity

Drug testing

(1) No test used

B. Stimulants
1. Amphetamines

a.
b.

c.

Indirect sympathomimetics

Once very popular; popularity decreased because of adverse effect
profile and testing

Efficacy

(1) Increased performance in a fatigued state

(2) Mixed results in a rested state

. Adverse effects

(1) Atrial and ventricular arrhythmias
(2) Sudden death

(3) Anxiety, tremors, insomnia

(4) Dependency

(5) Anorexia, nausea, vomiting

. Drug testing

(1) Sensitive and specific test
(2) Short half-life

2. Caffeine

A methylxanthine, found in many foods and drinks (coffee, colas,
tea)
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. Efficacy

(1) Increases alertness in fatigued state
(2) Increases skeletal muscle contraction
(3) Increases utilization of free fatty acids in endurance event

. Adverse effects

(1) Atrial arrhythmias

(2) Vascular headaches

(3) Diuresis

(4) Anorexia, diarrhea

(5) Anxiety, tremors, insomnia
(6) Dependency

. Drug testing

(1) Banned by U.S. Olympic Committee (USOC) and International
Olympic Committee (I0C) at a level of 12 pg/dL level

(2) Not banned by professional leagues or National Collegiate
Athletic Association (NCAA)

3. a-sympathomimetics

a.
b.

C.

Ephedrine and pseudoephedrine, both sold over the counter as an
energy and power producers

Efficacy

(1) Increases alertness in fatigued state

Adverse effects

(1) Tachyarrhythmias

(2) Anxiety, tremors, insomnia

(3) Anorexia, nausea, vomiting

(4) Dependency

. Drug testing

(1) Specific and sensitive urine test

(2) Banned by USOC and 10C

(3) Therapeutic drugs and therefore not banned by professional
leagues and NCAA

4. Nicotine

a.
b.

C.

Strong stimulant used by athletes mostly in the form of chewing
tobacco

Efficacy

(1) No studies and only weak anecdotal evidence

Adverse effects

(1) Oral leukoplakia and oropharyngeal cancers

(2) Dependence

(3) Deleterious changes in lipid profile

(4) Anxiety, tremors, insomnia

(5) Anorexia, nausea, vomiting

. Drug testing

(1) Not tested
(2) Banned by NCAA at championship events

C. Enhancers of oxygenation
1. Erythropoietin (Epo)

a.

b.
c.

Hormone used to stimulate the bone marrow to produce red blood

cells (RBC)

When given exogenously, overrides the body’s natural controls

Efficacy

(1) Effective in raising circulating RBC and enhancing performance
in endurance events

. Adverse effects

(1) Polycythemia with sludging of RBCs and multiorgan failure
(2) Death

. Drug testing

(1) Reportedly urine test exists which may be effective



146 17. Performance Enhancers

2. Blood doping
a. Removal of 1 to 2 units of blood, stored as packed RBC and reinfused
before an event to increase the circulating RBC and increase oxygen-
carrying capacity and performance in endurance events
b. Decreased in popularity with introduction of Epo
c. Efficacy
(1) Increases circulating RBCs and enhances performance in endu-
rance events
d. Adverse effects
(1) Transfusion reaction
(2) Blood-borne infection
(3) Polycythemia with sledging and multiorgan failure
(4) Death
e. Drug testing
(1) No sensitive urine test
D. Relaxants
1. Used by archers and rifle and pistol shooters to calm themselves and to
remove their body tremors before they shoot.
2. Efficacy
a. Low doses of both B-blockers and EtchOH have been shown to be
effective in reducing tremor and enhancing performance in these
events.
3. Adverse effects
a. There are minimal adverse effects at the low levels used.
4. Drug testing
a. There are sensitive and specific tests for these drugs.
b. They are banned by the USOC and IOC in archery, riflery, and pis-
tol shooting.

ll. Addressing the Problem
A What is needed?
1. Program
a. Policy
b. Education about:
(1) Drugs
(2) Program for
(a) Athletes
(b) Parents
(c) Coaches
(d) Administration
(e) Public
(3) Types of testing
(a) Event
(b) Cause
(c) Random
(d) As a result of a positive test
(4) Discipline
(5) Evaluation and treatment
2. High school program
a. Include parents, students, teachers, administration, school board
and local drug experts in planning.
b. Education of all groups is key.
¢. Discipline should be realistic and enforced.
d. Testing is rarely affordable or acceptable to all.
3. Research
4. Values
a. If winning is the main goal, the environment is ripe for use of per-
formance enhancers.



17. Performance Enhancers 147

b. Our society exhibits a bottom-line mentality which, when applied to
sports, can result in a disregard for rules as the winning or the result
becomes the only important part of the program.
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18. RECREATIONAL DRUGS

Gary |. Wadler

Although most discussions of drug abuse in sports focus on performance-enhancing
drugs, abuse of so-called recreational or social drugs by athletes continues to be a sig-
nificant problem. Whereas the use of ergogenic drugs is limited to a relatively small
and well-defined group of athletes, the use of recreational drugs (e.g., illicit drugs,
alcohol, nicotine) must be viewed within a much broader societal context. According
to the National Institute on Drug Abuse, an estimated 74 million Americans have
used at least one illicit substance in their lifetime; 13 million have used an illicit sub-
stance in the past month.

Substance use and abuse, including use and abuse of alcohol and nicotine, is the
number one health problem in the United States, placing an enormous burden on the
nation’s health care system. It has been estimated that more deaths, illnesses, and
disabilities result from substance abuse than from any other preventable health con-
dition. Twenty-five percent of the 2 million deaths in the United States are attribut-
able to the use of alcohol, illicit drugs, or tobacco.

Many diverse pathways lead to drug abuse. Factors contributing to recreational
drug abuse include age, genetics, family influences, peer pressure, education, person-
ality, and an array of mental health factors, including stress and underlying psycho-
pathology. Athletes are not immune to these factors.

For some athletes, participation in competitive athletics may be an unusually
anxiety-producing experience, thus representing yet another risk factor for substance
abuse. The stress of failing to make a junior or senior high school team was rated in
one study, as greater than that associated with the death of a grandparent, suspen-
sion from school, or the loss of a job by a parent. In such circumstances, drug and alco-
hol abuse can be a destructive coping mechanism. Two groups of young people who
are most likely to experience repeated failure and suffer psychological trauma from
competitive athletics are (1) those who demonstrate a low level of competence, rela-
tive to their peer group, due to inexperience, a lack of innate ability, or late matura-
tion; and (2) those who perceive that they are not meeting the expectations of their
peer group, coaches, or parents.

Forman's study of more than 1,000 male athletes in high achool-sponsored athletic
programs in the Chicagoland and Northwest Indiana areas, provides insight into the
substance abuse patterns of high school male athletes. All 19 drugs studied were
shown to have a lower prevalence of use among athletes in their senior year of high
school than by nonathletes. The serial studies of Anderson et al. in 1985, 1989, and
1993 of the drug abuse habits of approximately 2,000 male and female college athletes
participating in 10 different sports in NCAA Division I, II, and III schools have shed
light on the patterns of use of both ergogenic and recreational drugs by college athletes.

No comparable studies, particularly with respect to recreational drugs, have been
made of the incidence and prevalence of such drug use by professional athletes,
although beginning in the 1980s, the media has contained numerous anecdotal sto-
ries of recreational drug abuse by high-profile elite athletes. Four factors—fame, for-
tune, free time, and a feeling of invincibility—seem to contribute in varying degrees
to recreational drug abuse by professional athletes, particularly those involved in
baseball, football, basketball and hockey. Great variations exist in the sociology,
psychology, and physical demands of each sport which may have impact on the poten-
tial for recreational drug abuse within a given sport. Except for the concerted effort of
the National Football League (NFL) to eliminate anabolic-androgenic steroids from
the NFL, the principal focus in professional sports has been to eliminate recreational
drug abuse, most notably, alcohol and cocaine abuse.

Some measure of the prevalence of recreational drug use by elite athletes might be
deduced from the drug testing data of the National Collegiate Athlete Association
(NCAA), the International Olympic Committee (I0C), the U.S. Olympic Committee
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(USOC), the various National Governing Bodies (NGBs), and related organizations,
an well as from those of the professional sports leagues. However, these data are con-
fidential, which limits our ability to understand the qualitative and quantitative
nature of the problem.

Alcohol

(ieneral

Alcohol is the most widely used and abused drug throughout the world; its consurp-
tion has waxed and waned over the centuries. In the United States, alcohol is con-
sumed regularly by more than half the adult population; as many as 15 to 20 million
people are alcoholics. Alcoholism and the 100,000 lives that are lost annually
to alcoholism occurs at a cost of more than $100 billion. Persons who die of alcohol-
related causes are estimated to lose, on the average, 26 years of their normal life ex-
pectancy. In the past decade, a slight decline in alcohol consumption appears to
coincide with two factors: (1) the raising of the minimum drinking age to 21 years in
all 50 states to counter the large number of fatal automobile accidents involving alco-
hol and teenagers, and (2) the shift from consumption of distilled spirits to consump-
tion of beer and wine (which generally have a lower ethanol content). Coincident with
the decline in alcohol consumption, there has been a significant decrease in alcohol-
rclated traffic fatalities, particularly among young drivers.

In the early 1990s, researchers had estimated that by the time 70% of young peo-
ple reach the eighth grade they had tried alcohol; 92% of high-school seniors had used
ulcohol; 5 percent were daily drinkers, and 38% periodically drank five or more drinks
in a row. It has been conservatively estimated that the average American college stu-
dent drinks more than 34 gallons of alcohol yearly. Beer is the predominant alcoholic
beverage consumed by college students; the annual beer consumption of American
college students is just short of 4 billion cans. This number of cans stacked end to end
wouid extend 70,000 miles beyond the moon.

Alcohol remains by far the drug most commonly used by college athletes, with
approximately 89% having reported alcohol use in the past 12 months in the studies
of Anderson et al.

Although no firm data are available regarding the prevalence of alcohol use and
abuse by professional athletes, three facts are clear: alcohol is the drug most abused
hy professional athletes; problems associated with alcohol abuse, e.g., driving while
intoxicated (DWI) are far too commonplace; and a long-standing association exists
between professional sports and the marketing of alcoholic beverages.

Physiology and Clinical Pharmacology
Alcohol (ethanol), a simple two-carbon structure, is a central nervous system (CNS)
depressant. In general, its effects are proportional to its concentration in the blood,
correlating best with rapid increases in blood concentration. Chronic ingestion leads
Lo tolerance and physical dependence. Alcohol is rapidly absorbed from the gastro-
intestinal (GI) tract and is widely distributed to all organs and fluid compartments
of the body, readily crossing the blood-brain barrier (BBB). More than 90% is com-
pletely oxidized to acetaldehyde; the remainder is excreted unchanged in the urine.
In a person whose stomach is empty, peak alcohol blood levels may be reached with-
in 45 minutes. In nonalcoholics, impairment of sensory perception, cognitive func-
tions, and motor coordination occur with ethanol concentrationa of 31 to 65 mg/dL.
Intoxication occurs with blood concentrations of 50 to 100 mg/dL. Legal intoxication,
in most states, is defined as ethanol concentrations greater than 100 mg/dL (0.1%).
On the average, “one drink” (1 ounce of 50% hard liquor, 50 proof), 12 ounces of 4%
hoer, or 3 ounces of wine will result in the same maximum blood concentration of
20 mg/dL. Blood ethanol levels decline at an average rate of 10 to 20 mg/dL/h irre-
wpective of consumption, and the blood ethanol level is greatly, and inversely, influ-
onced by body weight.

Kffects on Performance
Alcohol is generally not considered performance enhancing and has been shown to
have numerous deleterious effects on performance. It adversely effects balance and
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steadiness, reaction time, fine and complex motor skills, information processing and,
inconsistently, may cause some decrease in anaerobic strength. Endurance, as
reflected by aerobic capacity, Vopma,, 8nd oxygen consumption is not affected by alco-
hol. Poorly appreciated is the fact that athletes who consume alcohol the evening
after practice or competition may subsequently perform significantly worse in tasks
requiring attention and visuo-motor coordination skills for as long as 14 hours after
ingestion of alcohol sufficient to raise their blood alcohol to 100 to 125 mg/dL. The
anxiolytic effects associated with low-dose alcohol ingestion, hypothetically might
improve athletic performance, particularly by controlling postural essential tremor.
Alcohol may impair temperature regulation during prolonged exercise in the cold,
and in the heat its diuretic effect may lead to dehydration.

Adverse Effects ;
The acute and chronic adverse effects of alcohol are numerous, and are well known
and are not described herein.

Drug Testing

Alcohol is banned by the NCAA in rifle sports as well as in the modern pentathlon.
Although alcohol is not specifically banned by the 10C, individual federations or
NGBs may request testing for alcohol use. ’

Cocaine

General

Cocaine abuse has reached epidemic proportions in the United States. Once a drug
for the affluent, its use cuts across all class lines. More than 30% of men and 20% of
women aged 26 to 34 years have used cocaine at least once. Five million Americans
use cocaine regularly. By 1986, cocaine had become the most common illicit drug of
abuse in patients presenting to emergency rooms; in great measure the increase in
use paralleling the appearance of “crack” cocaine. Chest pain was the most common
complaint of patients presenting to emergency rooms with cocaine-related medical
problems.

The abuse of cocaine moved center stage in sports with the 1986 deaths of Len Bias
and Don Rogers. The serial studies of collegiate sports of Anderson et al. have shown
an encouraging trend: The use of cocaine/crack decreased dramatically, 17.0% (1985),
5.4% (1989), 1.1% (1993). A large percentage of users had begun using cocaine in high
school or earlier. Epidemiologic data on cocaine use patterns among elite amateur
and professional athletes are almost nonexistent, but news stories of cocaine abuse by
athletes are too common.

Physiology and Clinical Pharmacology

Cocaine is an ecgonine alkaloid derived from the leaf of the coca plant. Esterification
of the base, ecgonine, produces the water-soluble product, cocaine hydrochloride, the
form of cocaine that is either inhaled or injected. Cocaine hydrochloride readily
decomposes when heated. By contrast, free base cocaine (requiring a volatile solvent
in its preparation), and “crack” cocaine (not requiring a volatile solvent in its prepa-
ration) are heat stable and thus are smoked. Cocaine has a complex physiologic effect
on the brain and shares similarities in this respect with amphetamine. Centrally,
much of cocaine’s effecta are related to the blocking of neuronal reuptake of dopamine
and excitatory amino acids, in turn increasing neurotransmitter concentrations.
Peripherally, cocaine produces its sympathomimetic effect by inhibiting the reuptake
of epinephrine and norepinephrine while stimulating the presynaptic release of nor-
epinephrine.

Cocaine administration produces stimulation of the sympathetic nervous system
(vasoconstriction, tachycardia, mydriasis, and hyperthermia), CNS stimulation
(increased alertness, energy, loquaciousness, repetitive behavior, loss of appetite, and
altered sexual behavior), and psychological stimulation (intense euphoria). Cocaine
gains access to the cerebral circulation fastest when it is smoked. Inhalation of
cocaine results in euphoria in 3 to 5 minutes, with blood concentrations rapidly
increasing for 20 minutes and peaking at 60 minutes; levels of the drug are measur-
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able for as long as 3 hours afterward. Increasing doses of the vaporized cocaine leads
to increasingly intense euphoric internal sensations and increased social withdrawal
and to cocaine binging (as often as every 10 minutes).

The biologic half-life (t!/2) of cocdine in blood is approximately 1 hour. It is primar-
ily metabolized to benzoyl ecgonine and ecgonine methyl ester, which have biologic
half-lives of about 6 and 4 hours, respectively.

Effects on Performance

Aside from Freud's 1884 observation that within minutes of inhalation, cocaine tran-
siently increased strength (as measured with a hand dynamometer), and increased
reaction time, the few studies of the effects of cocaine on exercise suggest that little to
no performance gains are incurred from cocaine use. Despite the amphetamine-like
properties of cocaine, no evidence suggests that cocaine enhances athletic perfor-
mance in a sustained way. Reporting late or early for practice, missing practices, and
fighting with teammates may be clues indicating an athlete’s use of cocaine.

Adverse Effects
The adverse effects associated with cocaine abuse are innumerable, but some of them
are of particular concern when athletes abuse: cardiac death and other sudden death.

The sudden cardiac death of Len Bias is illustrative of the lethality associated
with cocaine abuse by athletes. The mechanisms considered causative of myocar-
dial ischemia associated with cocaine abuse include increased myocardial oxygen
demand, coronary vasoconstriction, in situ thrombus formation (enhanced platelet
aggregation), premature atherosclerosis, and biventricular hypertrophy. Because of
the nature of the symptoms that may be associated with cocaine abuse (i.e., palpita-
tions, anxiety, dyspnea, and nausea), physicians are obligated to evaluate a cocaine
abuser with chest pain for possible myocardial infarction. However, in some studies,
the percentage of actual infarctions was quite low, approximating 6% in two prospec-
tive studies. Of note is the increased association of actual infarction with cigarette
amoking, presumably related to the induction of coronary artery vasospasm mediated
though the a-adrenergic system, similar to that of cocaine. In some studies, approxi-
mately one third of the patients who sustained cocaine-related myocardial infarctions
had angiographically normal coronary arteries. Because the physiology of cocaine-
induced myocardial ischemia differs from that of more typical myocardial ischemia,
Hollander has suggested a treatment paradigm that takes these physiologic consid-
erations into account.

Sudden death has been associated with cocaine use. The blood levels of cocaine in
these cases have varied widely. Various mechanisms of sudden death have been pos-
tulated and include arrhythmias, status epilepticus, respiratory arrest, and intrace-
rebral hemorrhage. The arrhythmias associated with cocaine use include ventricular
Nbrillation, asystole, and accelerated ventricular arrhythmias.

Drug Testing

Because of the very short serum half-life of cocaine—1 hour—measurements of blood
levels will detect only very recent usage. The detection window of cocaine’s urinary
metabolites, benzoyl ecgonine and ecgonine methyl ester, is determined by the
nmount of cocaine used and the sensitivity of the drug assay. Immunoassays
tenzyme-linked immunosorbent assay) are used for screening, and gas chromatogra-
phy/mass spectrometry (GC/MS) is used for confirmation. Screening immunoassays
for benzoyl ecgonine have a threshold of 300 ng/mL, whereas GC/MS can detect con-
centrations of 1 to 10 ng/mL. Accordingly, the approximate detection window is 1 to
2 days if an immunoassay is used and 6 to 6 days if GC/MS is used. With long-
torm cocaine use, the metabolite can be detected as long as 22 days after the last
cocaine use.

Smokeless Tobacco
(‘Igarette smoking, uncommon in 1900, peaked in 1964, according to the Surgeon
tieneral’s Report, when 44% of all adult Americans smoked. With the decline in
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cigarette emoking, the use of smokeless tobacco increased, almost tripling in the past
20 years. Smokeless tobacco, an extremely addictive substance, has a particularly
high incidence of use in certain demographic groups, particularly adolescents and
Native Americans. Smokeless tobacco is available as chewing tobacco or as snuff.
Between approximately 1980 and 1990, while chewing tobacco sales in the United
States declined 12% from 72.3 million pounds to 63.5 million pounds, moist snuff
sales increased 57% from 26.7 million pounds to 49.6 million pounds. Currently,
three quarters of a billion tins of snuff are sold annually; more than 12 million
Americans use smokeless tobacco, and 50% use it regularly. The greatest increase in
smokeless tobacco use in the past two decades has occurred among adolescents, with
as many as 24% of white male high school students identifying themselves as current
users. The highest use of smokeless tobacco is among white males between age 18 to
24 years.

Associations that correlate positively with continued smokeless tobacco use include
male sex; smoking; use of other substances, particularly alcohol; use by family mem-
ber or peers; and initiation of use between the ages of 6 and 8 years. Loose-leaf
smokeless tobacco is typically sold in pouches; moist or dry powdered tobacco (snuff)
is usually sold in small round cans. When loose-leaf tobacco is “chewed” a golf ball-
sized amount is placed between the cheek and lower gum and is either sucked or
chewed. “Dipping” is leaving a pinch of tobacco (snuff) between the cheek or lip and
the lower gum. A wad of tobacco may be left in the mouth for as long as 30 minutes.
Twenty-five percent of users may use as many as 10 wads a day.

Smokeless tobacco has long been used by athletes. Its association with baseball is
well known; 100 years ago it was reputed to have been used in baseball in an
attempt to keep the players’ mouths moist during play in dusty parks. Its wide-
spread presence and influence in the sports world are indisputable. The studies of
Anderson et al. showed that the use of smokeless tobacco increased greatly from
19.8% in 1985 to 27.6% in 1989 and appeared to level off at 26.9% in 1993. There
was a steady increase in reported use of smokeless tobacco by women during the
8-year study period, except among softball players, among whom the use remained
relatively high.

Twenty-one percent of these student athletes had begun using smokeless tobacco in
junior high school or before, and 54% did so in high school. Despite the common belief
that the use of smokeless tobacco is more common in certain parts of the country, its
use was shown to occur evenly across all regions. Furthermore, the studies showed
that although use of smokeless tobacco was particularly prevalent among baseball
players, it was also widespread among football players as well as among male tennis
players and male track athletes. As many as 9% of female softball players reported
using smokeless tobacco.

The studies of Anderson et al. also provide some insight into athletes’ motivations
for using smokeless tobacco: 62% used it for recreational reasons, 28% used it because
it made them feel good, and 1.3% used it in an attempt to improve performance.

Various organizational strategies have been devised to halt the widespread use of
smokeless tobacco. In major league baseball all tobacco products have been banned
throughout the minor league system, from the Rookie League to Triple A. This ban on
tobacco use applies to players, managers, coaches, and umpires. Major League
Baseball is offering counseling and assistance to those who wish to quit and many
teams have banned free samples from their clubhouses. The NCAA has banned use of
all tobacco products by athletes, coaches, and officials during practices and games. The
American College of Sports Medicine released a Current Comment denouncing the use
of smokeless tobacco by athletes as well as tobacco sponsorship of athletic events.

Physiology and Clinical Pharmacology

Nicotine, a potent alkaloid found in smoking and smokeless tobacco, is responsible for
the pharmacologic effects of tobacco use. Its physiologic effects are dose related and
biphasic, leading to a variety of clinical responses. The plasma nicotine levels in
smokers and smokeless tobacco users are similar. Prolonged use leads to tolerance
which permits an increase in dose without the resultant unpleasant side effects
observed in nicotine-naive individuals. As with cigarette use, physical dependence
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levelops with smokeless tobacco use and withdrawal may be manifested by craving,
irritability, restlessness, anxiety, changes in appetite, and GI complaints.

Conitine is the major metabolite of nicotine and has a much longer half-life than
nicotine. Accordingly, conitine is widely used as a biochemical marker of average
laily nicotine use.

K{flects on Performance

The effects of nicotine on performance are of doubtful significance. While there is
suome calming effect, some enhancement of alerting mechanisme, and some improve-
ment in information processing, there is also some performance decrements during
suntained vigilance tasks. Despite some athlete claims to the contrary, no improve-
ment in reaction time or movement time has been noted with smokeless tobacco.

Adverse Effects
The adverse effects of smokeless tobacco, aside from its addictive quality, principally
relate to its dental and oral effects and to its systemic effects.

The dental sequelae of smokeless tobacco include gingival recession and the loss of
periodontal attachments. These effects are particularly evident at the site in the oral
vavity where the snuff is typically placed. Although caries do not appear to be more
rommon in users, there is staining and abrading of the teeth. Halitosis is common.

Oral leukoplakia is frequently associated with smokeless tobacco use. A white or
vallowish brown, wrinkled lesion is apparent in at least 50% of regular snuff users.
he lesion may be irreversible and may be associated with a 3% to 6% transformation
rate to squamous cell carcinoma over time. These smokeless tobacco-related cancers
appear to be particularly aggressive, with a 5 year survival rate of less than 50%.

The systemic effects of smokeless tobacco correlate with the amount of nicotine
ielivered systemically. Smokeless tobacco generally has very high levels of nicotine
»» compared with cigarettes. A typical single dose of nicotine in snuff is almost twice
the dose of nicotine in cigarettes, and the typical single dose of nicotine in chewing
tohacco is more than 15 times the dose in cigarettes. Although smokeless tobacco use
haa not been demonstrated to potentiate atherosclerosis, short-term adverse effects
»l smokeless tobacco on heart rate, diastolic blood pressure (DBP), total and high-
denmty lipoprotein (HDL) cholesterol have been reported. Platelet aggregation
" rpﬂnrs to be enhanced through nicotine’s inhibitory affect on prostacyclin synthesis.
e increase in gastroesophageal reflux and peptic ulcer disease is a function of nico-
nne's cholinergic agonist activity.

Marljusna

Mar{juana’s history and knowledge of its properties dates back almost 5,000 years,
hoginning with the cultivation of hemp, Cannabis sativa, in mainland China.
C'urrently, marijuana is the most widely used and abused illicit psychoactive sub-
stance in America and probably the world, with 1 billion people worldwide having
waed the drug. Beginning in the 1950s, the use of marijuana exploded. Forty to
40 million Americans are estimated to have tried marijuana; 15 to 20 million are reg-
wlar uners. The sequential studies of college athletes of Anderson et al. show a grad-
uwal docline in usage of man_]uana/hashlsh between 1985 and 1993, from 35.3% to
41 4%, paralleled by sizable decline in heavy users (40 or more times a year). F).ﬁ,y-
wine porcent of users began using marijuana/hashish in high school and 15% did so in
minior high school or earlier. No recent data are available regarding marijuana use by
yofessional athletes.

Marijuana is considered a gateway drug, like alcohol and cigarettes; research has
shwwn that young people are unlikely to use marijuana if they have not already used
aliohol and cigarettes; they are even less likely to use hard drugs if they have not
aliendy used marijuana.

I'Avaidogy and Clinical Pharmacology

Ihe principal active ingredient of marijuana is delta-9-tetrahydrocannabinol (delta-
v 11(’), which influences diverse neurochemical pathways in the CNS. Marijuana
differs from many other drugs in that it produces both CNS excitation and depres-
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sion, expressed both behaviorally and neurophysiologically. Chronic use is associated
with tolerance, and users may tend to increase both the dose and frequency of use,
potentially leading to both psychological and physical dependence.

The marijuana that is used illicitly is typically derived from the female plant and
is a mixture of dried hemp flowers, seeds, leaves, and small stems. The stems and
seeds are discarded before the marijuana is smoked. Hashish is derived from the
resin of the female flowers. Within minutes offfhalation of either form, blood levels
of THC are achieved, with peak physiologic and subjective effects occurring in 20 to
30 minutes and subjective effects lastirig 2 to 4 hours. Because of the lipid solubility
of marijuana, blood levels decrease very rapidly and reach 5% to 10% of their ini-
tial levels in 1 hour. However, because®®f redistribution, the terminal half-life of
marijuana in the blood is about 20 hours.

In recent years, the potency of marijuana has increased 5 to 10 times or more. An
understanding of the pharmacology of illicit marijuana use is complicated by the
variations in dosages used as well as by the presence of numerous adulterants,
including phencyclidine (PCP).

Marijuana is typically smoked in the form of cigarettes termed “joints” or from
a water pipe termed a “bong.” Hashish is smoked alone or is mixed with tobacco or
marijuana. It may be eaten as well (e.g., mixed in brownies).

Effects on Performance

Many of the acute effects of marijuana are deleterious to athletic performance. It
impairs eye-hand coordination and fast reaction time and reduces motor coordina-
tion, tracking ability, and perceptual accuracy. Time appears to move more slowly,
and impaired concentration and dreamlike states are common. Although these acute
effects may last as long as 4 hours, skill impairment may persist for as long as 24 h
after marijuana intoxication. As with alcohol, social use of marijuana the night before
a practice or a game may impair performance. Marijuana reduces maximal exercise
performance, and Vo,,,,, is achieved prematurely. No ergogenic effect has been attrib-
uted to marijuana usage.

Adverse Effects
For a detailed review of the adverse effects of marijuana, see Hollister’s Health aspects
of Cannabis. With respect to athletes, several adverse effects associated with mari-
juana use and abuse are noteworthy. Acute behavioral manifestations may include
paranoia, panic attacks, and delirium and psychoses. An “amotivational syndrome,”
though controversial, has been attributed to chronic marijuana use and includes apa-
thy, impaired judgment, loss of ambition, @nd inability to carry out long-term plans.

Tachycardia, mediated primarily through changes in vagal tone, and orthostatic
hypotension may occur after acute use of marijuana, but tolerance to these effects
may develop with chronic use. Carboxyhemoglobin saturation increases nearly three-
fold when marijuana is smoked, 5 times the increase that cause by smoking of a
single filter-tipped tobacco cigarette. Impaired sweating ability may lead to increases
in core temperature.

Particularly bothersome may be the appearance of rhinitis, pharyngitis, bronchitis,
and bronchospasm, as well as an increase in gastric emptying time and a decrease in
GI motility.

Drug Testing

Whereas marijuana is not specifically banned by the I0C, it may be banned by the
NGBS, and it is banned by the NCAA. The biologic half-life of delta-9-THC varies
greatly among individuals, ranging from 56 hours in acute users to 28 hours in
chronic users. Delta-9-THC is rapidly transformed into urinary metabolites, whereas
the metabolite THCA may be detected in acute users for 4 to 6 days and in chronic
users for 20 to 30 days by GC/MS.
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19. DRUG TESTING

Christopher A. McGrew

I. Introduction and Overview
A In the United States, a variety of mandatory drug-testing programe'affect
many athletes.

1. These programs include drug testing for the United States Olympic
Committee (USOC) and associated national governing bodies (NGBs),
the National Collegiate Athletic Association (NCAA), certain high school
districts, and professional sports leagues.

2. It is imperative that physicians treating competitive athletes be familiar
with these programs, including their testing procedures and potential
ramifications.

B. In the United States, there are two primary drug-testing programs for “ama-
teur” athletes. These programs are the focus of this chapter.

1. The NCAA drug-testing program began in 1986 and has jurisdiction
over all NCAA athletes.

2. The USOC drug-testing program began in 1985 (although drug testing
started in the Olympics in 1968), and has jurisdiction over Americans
competing in the PanAm Games, the United States Olympic Festival,
and the Olympic Games.

3. The basic goal for both programs is to promote the health of athletes and
fair competition.

4. There are some minor differences in the programs because of specific
characteristics of the organizations and variance among interpretations
of limited scientific data concerning several substances (e.g., caffeine,
over-the-counter decongestants). In general, their similarities are far
greater than their differences.

Il. Informed Consent
A Inthe NCAA athletic program, all athletes sign an annual consent form indi-
cating their understanding of and compliance with NCAA rules and regula-
tions including those of the NCAA drug-testing program. An athlete who
faile to sign the consent is ineligible until they do so.
B. In the USOC program, each athletic NGB also obtains and forwards signed
athlete consent forms to the USOC. .
1. Only athletes who have agreed to submit to testing may compete in
USOC-sanctioned events.
2. The consent forms are required for selection to national teams and par-
ticipation in international competitions.
3. Because these events vary in frequency, consent forms are not necessar-
ily obtained on an annual basis as they are for the NCAA.

Il. Types of Testing
A, Championship/in-competition testing

1. In the NCAA, participants in all championship events, tournaments,
and 80 on, are subject to drug testing from year to year, although all are
not tested in any given year.

2. The substances tested for include those listed for year-round testing (ana-
bolic steroids and related masking agents), along with stimulants (includ-
ing caffeine in high concentrations (see Appendix 3) and street drugs.

3. In riflery, alcohol and P-blockers are included in the banned substance
list. (See Appendix 3.)

4. The USOC and NGBs may test for drugs at any camp or competition
they sponsor. .
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6. The drug list for their testing includes stimulants, certain narcotics and
pain killers, anabolic agents, diuretics, peptide and glycoprotein hor-
mones, and tranquilizers and sedatives (in certain sports). (See
Appendix 3).

6. In addition, alcohol, f-blockers, and marijuana may be tested for in cer-
tain sports. (See Appendix 3).

7. Certain local anesthetics, corticosteroids, and P,;-agonist asthma
inhalers are restricted, meaning that they can be used only under spe-
cific and circumscribed conditions.

8. Caffeine in concentrations greater than 12 ug/mL is prohibited by
USOC, >15 pg/ml for NCAA.

B. “Off-season"/out-of-competition/year-round testing

1. In the NCAA, for Divisions 1A and IAA and Division II Football and for
Division 1 Women’s and Men’s Track and Field teams, the NCAA drug
testing program is in effect throughout the academic year (August to
June) for anabolic steroids and related masking agents. (See appendix
3.) (Individual schools are free to conduct additional drug testing of their
student athletes throughout the academic year, but these are not
reported to the NCAA, nor are they subject to NCAA sanctions.)

2. In the USOC out-of-competition program, athletes are subject to testing
at any time during the year, (also known as “short-notice” testing). Only
designated “high-risk” sports are required to participate in this pro-
gram. Substances tested for in this program include anabolic agents,
diuretics, manipulative/masking agents, and peptide glycoprotein hor-
mones (and analogues). (See Appendix 3.)

V. Selection for Testing
A. The NCAA method

1. The NCAA method for selecting a specific student athlete for testing at
a partlcular championship or individual institution (during year-round
testing) is recommended and modified by the NCAA Competitive Safe-
guards Committee and is approved by the NCAA Executive Committee.

2. The year-round selection for testing is either entirely random or may
be based on a variety of factors, including playing time, position, and
financial-aid status.

3. In championship events, the selection for testing may include the ﬁrst,-
second-, and third-place finishers (or in the case of team sports, playing
time) as well as other randomly selected athletes from the remaining field.

B. The USOC method

1. The USOC method follows a prescribed protocol (established by the
USOC'’s Division of Drug Control Administration) of randomly selecting
athletes to be tested at competitions, including those participating
in USOC established events (e.g., sport festivals, Pan American Games
trials, Winter and Summer Olympic Games trials, Olympic Training
Center camps, and 80 on).

2. All members of the Olympic team, including alternate members, are
tested 30 to 90 days before the Olympic Games.

3. Athletes are selected for testing in a manner mutually agreed on by the
responsible authorities (e.g., the NGB, USOC, 10C).

4. In some cases, selected medaliste are chosen; testing is performed on a
random basis at other events.

V. Notification for Drug Testing
A. In USOC and NCAA championship events, selected athletes are notified as
soon as is reasonably possible after their event is completed.

1. They are told to report to the drug testing station within 1 hour and are
observed continually from the time they are notified until they provide
and verify a satisfactory specimen.

B. In the USOC year-round, out-of-competition, short-notice testing, the selec-
tion process requires short notice to the athlete, generally less than 48 hours.
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1
2.

The athlete is notified in one of three ways: telephone, direct personal
contact, or return receipt correspondence.

It is anticipated that this program will shortly evolve to encompass “no-
advance notice” testing, with athletes being required to undergo testing
immediately upon being notified of their selection.

C. For NCAA out-of-competition or off-season testing, the NCAA notifies the
director of athletics or their designee 2 days before the day of on-campus
d.rug testing.

2.

. The institution then notifies the student athlete of the date and time to
report for testing.
All student athletes from the official NCAA squad list at the school are
subject to testing.

D. Both the USOC and NCAA realize that even 48 hours of “lead time” may be
sufficient for some athletes to use methods to foil the test. Both groups are
investigating plans to shorten this lead time.

V1. The Drug Testing Station
A. Obviously, it is difficult to describe one consistent layout for a drug-testing
station since athletic facilities differ as do laboratories. In addition, the pro-
tocols are constantly updated and changed.

1

6.

The athlete provides identification when entering the drug-testing sta-
tion (picture identification (ID) is now required for NCAA Division |
year-round testing and for USQOC out-of-competition testing), and the
athlete is under constant observation by a testing official at all times.

. The athlete is asked to select a container to provide a urine sample.
. At this point, the USOC and the NCAA protocols are different in that

the USOC protocol asks that the athlete to declare all medications that
have been taken recently. The NCAA has discontinued this part of the
protocol.

. The athlete, still under observation, then provides a urine sample. A wit-

ness of the same sex as the athlete observes the urination process. This
is a key step in the testing procedure to ensure that the urine sample is
genuine and is that of the athlete being tested.

. The athlete then chooses two laboratery specimen bottles (bottles A and

B) and divides the urine sample into bottle A and bottle B for sealing and
submission to the laboratory. The split urine sample is handled in strict
chain-of-custody protocol. (Chain of custody is the sample handling pro-
cedure designed to prevent specimen tampering or a mixup.)

The athlete then signs a statement that the above procedures have been
followed strictly and leaves the testing area.

B. Athletes have as much time as they need to provide a urine sample.

1.

2.

3.

Nonalcoholic beverages are provided in the testing center to facilitate
production of urine. Caffeinated beverages are excluded in certain test
facilities: i.e. Champion Competition.

The beverages are provided cost-free by the NCAA and USOC and must
be in sealed containers. They must be opened and consumed only in the
testing station.

Food is not provided, but athletes (at their own risk) are permitted to
bring their own food into the testing area.

C. At least 80 mL urine is necessary (100 mL in the USOC program) for testing.

1.

2.

If the urine specimen is incomplete, the athlete must remain in the col-
lection station under observation of a crew member until the sample is
complete.

During this period, the athlete is responsible for keeping the urine col-
lection beaker capped and controlled.

D. Before final packaging for shipping to the testing laboratory completed,
a small amount of the urine is tested for specific gravity and pH. If these
values are outside stated limits, the protocol is repeated (i.e, specific gravity
below 1.010 or pH greater than 7.5).
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viL. Drug Analysis
A. Urine specxmens are analyzed at only highly specialized laboratories that
have passed a vigorous accreditation process.

1. The USOC only uses laboratories that have International Olympic
Committee (IOC) accreditation. The NCAA uses laboratories that are
certified by the College of American Pathologists (CAP) for any testing.
(Some laboratories have both certifications.)

2. Specimen analysis involves two procedural phases.

a. The first phase, screening, is an initial test that allows convenient
and often rapid analysis of many samples.

b. A positive result on the screening phase is presumptive only; these
samples then undergo the second procedural phase, the confirmation
test.

3. Laboratories use specimen bottle A for al! their screening and confirma-
tion tests. A positive result is reconfirmed by at least one more sample
from specimen A.

4. Specimen bottle B is saved for use in case of an appeal by the athlete and
to reverify a positive specimen A. In general, screening tests are
expected to be very sensitive and confirmatory tests to be very specific
for drug detection.

5. Two phases of drug-testing analysis are required to ensure the most
accurate results.

6. The most commonly used screening procedures include immunoassay
thin-layer chromatography, gas chromatography (GC), and high-perfor-
mance liquid chromatography.

7. Currently, the preferred confirmation technique is GC/mass spectrome-
try (GC/MS) because it provides the most specific and definitive identifi-
cation possible. (A full review of the techniques used in drug screening
and confirmation is beyond the scope of this chapter. Please see the
selected readings at the end of the chapter for a further, more detailed
review.)

Vili. Techniques Used by Athletes to Escape Detection

A. A variety of techniques have been developed in an attempt to falsify drug-
testing results. Substances such as salt, vinegar, lemon juice, hand soap,
bleach, Visine, Drano, and epitestosterone have all been used. Several adul-
terating agents are also marketed, such as Urinaid (Byrd Laboratories),
which contains gluteralderhyde and causes false negatives on emit screen-
ing immunoassys. These materials must be added to the urine; therefore,
closest observation of the athlete giving the specimen and constant observa-
tion of the athlete in the testing area is meant to reduce the chances of this
happening. Laboratories routinely test for adulteration by visual examina-
tion of the urine specimen (color, consistency, and so on); odor detection; and
measurement of pH, epecific gravity, creatinine, and chloride. The laborato-
ries also use counterdetection assays, maintain constant vigilance for new
urine manipulation agents, and continually update their counterdetection
procedures accordingly. Evidence of adulteration or other urine manipula-
tion techniques can result in automatic penalties equivalent to those for a
positive test result on a drug test imposed by both the NCAA and USOC.

B. Catheterization and evacuation of the bladder, followed by instillation of
another person’s urine, is another technique used rarely. No specific tech-
niques for detecting this method have been developed.

IX. Other Possibllities for Drug Testing
A. Blood testing is being investigated for some drug analyses, such as those
used to detect erythropoietin (EPO) and testosterone salt/esters but remains
unfeasible at this time.
1. The technology for hair analysis has not yet been perfected for testing
for the more common drugs of ergogenic potential, although research
continues in this area.
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2. Urine is still considered the preferred specimen for drug testing.
a. Most drugs misused by athletes are present in higher concentration
in the urine than in the blood.
b. Shipping and waste disposal are less restricted with urine than with
blood.

c. Larger specimen samples are more easily obtainable.
d. Urine can be conveniently obtained without physical pain or poten-
tial harm to the athlete (i.e., the collection process is noninvasive).

X. Penalties
A USOC: Sanctions may be imposed by the NGB and/or the USOC. Penalties

B.

range from 3 to 24 months for the first drug violation (depending on the
drug) and from 2 years to a lifetime ban for any subsequent violation.
NCAA: The penalty is 1 calendar-year of ineligibility after a positive test. A
second positive test can result in a penalty of another year (for street drugs)
and up to lifetime expulsion.

XI. Cost/Miscellaneous
A. The NCAA conducts approximately 9,000 tests per year; approximately

1,000 are conducted at championships and the remainder are conducted dur-
ing the year-round program. The budget for testing and education in the
NCAA program was approximately $2.7 million for 1996/1996.

. The USOC conducts approximately 3,600 to 4,000 tests yearly, of which 500

to 1,000 are conducted in the out-of-competition program. The USOC’s
annual budget, including drug testing and education, is approximately $1.5
to 2 million yearly.

Suggested Readings

Benson MT, ed. 1996-97 NCAA Drug Education and Drug Testing Program,
Overland Park, KS (1-913-337-1906).

Exom W, ed. U.S. Olympic Committee drug education handbook 1993-1996. One
Olympic Plaza, Colorado Springs, CO (USOC Drug Hotline: 1-800-233-0393).

Fuentes R, Rosenburg J, Davis A. Athletic drug reference '96 (Alan and Hanburys).
Glaxo, Triangle Park, NC, 1996.
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70 YOUNG ATHLETES

{ yle J. Micheli and Craig M. Mintzer

More than 30 million children and adolescents participate in organized eports in the
| Iniled States today. This figure increases with each passing year, as does the abaolute
number of injuries cared for by those involved in sports medicine. In comparison with
their adult counterparts, children who are athletes have an additional risk for injury
ilue o their more vulnerable growth cartilage at the physeal plates, joint surfaces, and
silen of major muscle tendon insertions. Evidence also shows that growth, in particu-
Iar the adolescent growth spurt, may presdispose children to injury.

‘The type of injury sustained by young athletes is changing. With the rise of orga-
nised sports in North America, children are no longer participating in a variety of
phynical activities as they had in the past during free play. Many now perform the
same activity or sport repetitively for prolonged times, increasing their risk of overuse
munculoskeletal injury. Because of the growing social and economic constraints on
wformal sports and exercise, as well as growing concern for child safety, the trend
tuward organized children’s sports will probably increase, as will the injuries that
accampany these activities. This growth in the organization of sports for children and
wiolescents will provide opportunities for proper care and prevention of injury.

Aerobic Capaclty .

Maximal aerobic power (Vo,,.,, Mazimum oxygen uptake) is a measure of the great-
»ai amount of oxygen that can be used to synthesize energy in the form of adenosine
triphosphate through aerobic metabolic pathways. Studies have shown that in males
pwak V), increases linearly from age 8 years through age 16 years, whereas in females
it increases linearly until age 13 years, at which time it plateaus. Peak Vy, of girls is
approximately 85% that of boys before puberty and 70% that of boys after puberty.
Vhin difference has been attributed to variations in hemoglobin concentrations, body
+mnponition, maturation of the pulmonary and cardiovascular systems, and biochem-
tvul nnd histologic differences in muscle tissue.

In ndults, Vo,,,,,, expressed relative to body weight is a valid marker of the ability to
perform endurance athletic events and an indicator of the reserve capacity of car-
shopulmonary function. Vp,,,.../kg has been shown to be significantly greater in well-
tymned prepubertal endurance athletes than in nonathletes. Children can improve
Viismes With aerobic training. However, use of maximal aerobic power as an indicator of
+rdiovascular function, endurance capacity, or response to training may not be as
appropriate in prepubertal children as in adults. The association of Voo, with per-
tmmance in field events is weaker in children than in adults. Unlike adults, less than
nirs of all children can be expected to demonstrate a Vo, plateau during progressive
maximal testing. Values for Vo,,, do not parallel improvements in endurance fitness
shiring the growing years. Absolute values of Vo,,,,, increase with growth, but when
they wre related to body mass, no increase is documented. In addition, endurance per-
toemance in children can steadily improve while Vo, /kg values remain unchanged.
I ¢hildren, endurance performance probably is dependent on factors such as progres-
=ive improvements in-running efficiency submaximal economy and oxygen delivery
vwanrve and on nonaerobic factors such as sprint speed and anaerobic capacity.

femperature Regulation

Hent 18 a metabolic byproduct of energy production, and the ability to dissipate this
hunt in crucial to maintenance of activity. Owing to their greater surface area relative
to Iuxly mass and lesser amount of subcutaneous fat, children are at a disadvantage
with rospect to dissipating heat and adapting to cold. Although children have a
higher aweat gland density than adults, they produce less sweat then adults and
thmofore dissipate heat through evaporation less efficiently. Children demonstrate
higher skin and rectal temperatures when subjected to heat stress. Children do not
s limate to heat as quickly as adults, nor do they perceive the work they are doing
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and the energy they are expending during intense exercise as adults do. Children and
adults become more efficient at dissipating heat when they are exposed to periods of
increased activity in the heat; however, young adults exhibit better thermoregulatory
responses than children.

Tanner Staging

The Tanner classification is an aid to clinicians dealing with sports-active children.
Patterns of development and associated patterns of injury can be divided into four
groups: prepubescence (Tanner 1 and 2), early pubescence (Tanner 3), midpubescence
(Tanner 4), and late pubescence (Tanner 5). Knowledge of the stages of maturation
can lead to a greater understanding of the pattern and pathophysiology of injury in
the child athlete.

Tanner stages and secondary developmental characteristics in females:

Stage 1: Preadolescent

The papilla is elevated in the breast; there is no pubic hair.

Stage 2: Breast bud stage

Breast and papn.lla are elevated as small mounds, and the areola diameter is
enlarged. There is sparse growth of long slightly pigmented, downy hair, straight
or ony slightly curled, appearing mainly along the labia. The mean age is 11 years.

Stage 3: Further enlargement of the breast and areola occurs, without separation of
their contours.

Pubic hair is considerably darker, coarser, and more curled. The hair spreads
sparsely over the junction of the pubis. Mean age is 12 years.

Stage 4: Areola and papilla project to form a secondary mound above the level of the
breast.

The pubic hair is now an adult type, but the area covered is less than will be covered
in adulthood. There is no spread to the medial surface of the thighs. Mean age is
13 years.

Stage §: Mature stage. Projection only of the papilla because of recession of the
areola to the general contour of the breast. The pubic hair is adult in quantity and
type and is distributed as an inverse triangle. There is spread to the medial surface
of the thighs. Mean age is 15 years.

Tanner stages and secondary developmental characteristics in males:

Stage 1: Preadolescent stage. Testes, scrotum, and penis are of about the same size
and proportion as in early childhood. There is no pubic hair.

Stage 2: Scrotom and testes have enlarged and there is a change in the texture of the
scrotal skin. There is some reddening of the scrotal skin. Teaticular length is
greater than 2 cm but less than 3.2 cm. There is sparse growth of long, slightly pig-
mented, downy hair which is straight or only slightly curled and appears chiefly at
the base of the penis. Mean age is 12 years.

Stage 3: The penis has grown, mainly in length, but with some increase in breadth.
There is further growth in the testes and scrotum. Testicular length is greater than
3.3 cm but less than 4.0 cm. The pubic hair is darker, coarser, and curlier. Hairs
spreads sparsely over the pubic junction. Mean age is 13 years.

Stage 4: The penis has further enlarged (both length and breadth) with the develop-
ment of the glans. The testes and scrotum have further enlarged. There is darken-
ing of the scrotal skin. The testicular length is greater than 4.1 cm but less than
4.9 cm. The pubic hair is adult in type, but the area covered is considerably smaller
than that in most adults. There is no spread of pubic hair to the medial surface of
the thighs. Mean age is 14 years.

Stage 5: The genitalia are adult in size and shape. Testicular length is greater than
5 cm. Pubic hair is adult in quantity and type. There is spread to the medial sur-
face of the thighs. Mean age is 15 years.

On the field, youths participating in organized sports are often grouped by age in
an attempt to match their muscular strength, anaerobic power, aerobic capacity, and
skill level. Stratification by age works well in the prepubertal period (Tanner stages
1 and 2;. However, once the pubertal growth spurt is reached, there is a rapid
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increase in body size as well as an acceleration in strength and power. Because of the
differences in the chronologic hge at which these changes occur and the extent of
development between individuals, matching by age alone may result in an increase in
injury risk owing to mismatch in development and size.

In several individual sports, including wrestling, martial arts, and boxing, it is rec-
ognized that weight differences are associated with strength and power differences.
These sports, as well as some football leagues, have devised weight classes to promote
matching. Athough a weight classification is an improvement, it is not ideal. A young,
obese, skeletally immature athlete may have to compete with older mature adolés-
conts. Use of the Tanner stages, which can be assessed during the preparticipation
physical examination, may be better than use of age, body weight, or grade in school
in an attempt to match athletes. Progression in physical maturation, as determined
by Tanner staging, is associated with increased strength, coordination, and physical
skills in both boys and girls. Males at Tanner stages 4 or § are bigger and stronger
that boys at lower stages of maturation. Additional ways to stratify participants
include establishing bone age by radiograph and grip strength. Currently, there is no
uniformly agreed-upon way to subdivide athletic competitors in these age groups that
will ensure both fair and safe competition. However, with the ever-increasing num-
bers of participants in organized sports, this issue merits serious consideration by
youth sports organizations.

Growth Spurts

Each person demonstrates a characteristic pattern of growth rate that to some degree
in unique. However, every child goes through the same sequence of growth changes.
During the first year of life, average linear growth rate is 30 cm/year. There is a rapid
deceleration to 9 cm/year by age 2; by age 5, the rate of growth levels off to about
 cm/year. This steady rate persists during the prepubescent phase (age 6 to 10 years
in boys and 5 to 9 years in girls), but just before the onset of puberty it decreases
further.

Puberty is marked by a rapid return to accelerated growth. The marker for this
accelerated growth rate is early pubescence (Tanner 3), when secondary sexual char-
ncteristics start becoming further delineated. The stage of midpubescence corre-
aponds to the time of peak growth velocity in the child (Tanner 4). In females, growth
velocity can reach a peak of 10.6 cm/year between the ages of 10 and 12 years. In
males, the skeletal growth spurt usually begins several years later. On the average,
male growth acceleration begins at age 12 years and reaches a peak velocity of
12 cm/year by age 14. The rapid growth in adolescence accounts for approximately
20 cm height in females and 28 cm height in males. Late pubescence (Tanner 4), the
final stage of development, corresponds to the time when the growth rate begins to
docline and physeal closure ensues in the child. Skeletal maturity is usually reached
hy nge 15 years in females and by age 17 years in males.

Weight velocity decelerates from a rate of 10 kg/year at birth to a rate of 2 kg/year
by nge 2. During childhood, a relative steady state of 3 kg/year of weight gain is
nchieved. The onset of puberty is marked by an acceleration in weight gain in females
1o f) kg/year and in males to 10 kg/year. In both sexes, the peak weight velocity is fol-
lowed by a rapid deceleration to less than 1 kg/year for females at approximately age
10 und for males at approximately age 17.

Piexibility Training
Floxibility decreases with age and growth, especially during the adolescent growth
apurt. During the growth spurt, longitudinal growth of bones advances at a greater
rale than that of the surrounding muscle tendon units. The resultant tightness can
predispose children to unique injuries during this developmental stage. Athletes
munt be counseled during the growth spurt so that flexibility is emphasized and
igury ia minimized. Slow stretch technique should be taught, with a duration of 20
(s 0 seconds of sustained stretch.

Clinicians should be particularly aware of the association between the growth
spurt. and knee pain. The most frequent symptom reported by young athletes, espe-
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cially females, is the patellofemoral stress syndrome, with presentation usually
during or just after the athlete’s growth spurt. Anterior knee pain is aggravated by
activities and relieved by rest. With the growth spurt, there is superior and lateral
migration of the patella secondary to tightness in the quadriceps, iliotibial band, and
bamstrings. Patella alta may be present, as may a weak vastus medialis obliquis
muscle. Treatment consists of progressive resistance exercises to strengthen the
medial musculature and flexibility exercises for the iliotibial band, hamstrings, and
lateral quadriceps.

Strength Training

The American Orthopaedic Society for Sports Medicine (AOSSM) defines strength
training as “the use of progressive resistance methods (which include using body
weight, free weights, and machines) to increase one’s ability to exert or resist force.”
Enhanced physical condition improves muscular strength, musculoskeletal flexibil-
ity, the percentage of lean body tissue, cardiovascular efficiency, body image, and con-
fidence. Resistive weight training has been shown to benefit athletes by enhancing
sports performance and by decreasing susceptibility to injury. Those involved in
training young athletes, should note that progress toward adult stature in terms of
height, weight, and circumferences and of rates of change in height velocity and
weight velocity is not adversely affected by training. Young athletes grow at the same
rate and to the same degree as young nonathletes, but body composition is influenced
by strength training.

Longitudinal studies of strength measuring isometric grip strength demonstrate
that males and females increase grip strength linearly throughout childhood. The
increase in muscle strength with age is a product of body size and muscle mass and
neuromuscular, and endocrine maturation. With the onset of puberty, the strength
development of males, as measured by grip strength, accelerates rapidly as compared
with that of females. In similar studies of elbow and knee flexion and extension com-
parisons support this divergence in strength between the sexes. Studies document a
linear muscular endurance increase from 5 to 13 years of age in males which leads to
a further acceleration of endurance during puberty. In females, muscular endurance
increases linearly throughout childhood and adolescence, but there is no similar
pubertal acceleration. Males have more muscle than females on both an absolute
body weight basis and a percentage of body weight basis.

Before starting a training program, all athletes must provide a preparticipation
history and undergo physical examination, which will serve to identify any preexist-
ing health problems or physical limitations that might predispose to injury. For ath-
letes starting a strength training program for the first time, three sessions a week
with 1 day of rest is appropriate. Protein muscle synthesis occurs during rest.
Training programs should consist of three basic parts to include a warmup period, the
training activity, and a cool-down period.

Warmup refers to any sequence of activities undertaken before participation in
more strenuous exercise that results in increased blood flow to the tissues of the body.
This increased blood flow is accompanied by an increase in body temperature and
enhancement of a muscle’s force-generating capacity, speed of contraction, and tissue
plasticity. Cardiovascular, respiratory, endocrine, and nervous systems become
primed for activity during the warmup. The warmup period consists of a prestretch-
ing phase involving gentle repetitive activity such as fast walking, jogging, stationary
bicycling, or other light activity. This is followed by a series of stretching exercises
that targets each of the major joint and muscle areas, the shoulder girdle, back, ham-
strings, quadriceps, and gastrocsoleus group. The flexibility program should include
exercises to enhance the ranges of motion (ROM) required to perform the sport-
specific skills. The warmup period should last approximately 15 minutes.

Strength training follows the warmup period. The training program may include
isometric exercises to maintain tone and improve strength slightly. Isometric exer-
cises do not allow change in the length of the muscle while it is under contraction.
Resistance for the muscle is provided by any immovable object. For isometric exercise
of a muscle, the muscle must be contracted meximally for 6 to 10 seconds. Because
there is no ROM during muscle contraction, the muscle should be exercised at three
or four different lengths with four contractions at each step.
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Depending on the equipment available and the sport in question, a structured pro-
gram of dynamic exercises can be included in the training program. In such exercises,
the muscle moves a ioint through a ROM and can have constant resistance, variable
resistance, or accomodating resistance. Resistance may be provided by the child’s
own body weight, a free weight, or a machine. Resistance should be increased gradu-
ally. For young athletes, the intensity should be restricted to a lighter weight/resis-
tance and at least 10 repetitions per set. Qualified adult supervision of the training
program is mandatory.

The child must fit the equipment. The skill and technique required to perform
the exercises must be properly taught, and the exercises chosen must involve mgjor
muscle groups and both agonist and antagonist muscles of the joint. Almost no data
oxist regarding the optimal order of exercise. Common practice is to exercise large
muscle groups first and then smaller ones. Longer rest periods (2 to 5 minutes) are
typically used when heavier weights are being lifted or during the learning phases of
AN exercise.

The training session should not exceed 1 hour. Progress should be monitored. For
children, it is often best to measure improvement by measuring performance of a par-
ticular task such as the number of a particular calisthenic performed (push-ups, sit-
ups, pull-ups). Such a general program can help avoid repetitive motion injuries.

Prepubescent athletes deserve special consideration. Studies have demonstrated
that prepubescent children, as well as adolescent athletes, can safely benefit from
strength training with a well-supervised program. The primary reason for strength
training in these young athletes is to strengthen tissues and decrease the risk of
Injury. Enhancing sports performance is a side benefit and should be a secondary con-
nideration. Strength training should be only a small part of the child’s overall activ-
ity. The National Strength and Conditioning Association states that “60% to 80% of
the prepubescent athlete’s training must include a variety of different physical activ-
itites in addition to strength training.” Young children benefit from general strength
conditioning and should not follow a program that is too sport-specific. Emphasis
should be placed on proper technique and body position. Low weights with multiple
repetitions provide the safest training programs in younger athletes.

Skills Tralning

Sports-specific training in youth sports has grown in intensity and sophistication in
recent years with the onset of regimented training beginning at earlier ages and
including increased amounts of training time. In general, systematic training is not
heneficial before age 6 years. The volume and intensity of training in the young age
group, as well as the rate of progress of training, ehould be monitored closely.

With regard to progression of training, the “10% rule” is useful: Increases in the
amount of training should not exceed 10% a week. Determining the safe total volume
of training per week for child athletes is difficult. Some children may experience inhi-
bition of normal growth and development when performing as little as 10 hours of
aports-gpecific training per week, whereas the threshold of another child in another
sport may be 16 to 18 hours a week. Our ability to provide more specific guidelines in
this area is confounded by the difficulty of determining intensity of exercises in a
training program. The best way to guide training may be to monitor height, weight,
and body composition at least every 6 monthe in a child involved in rigorous sports or
dance training.

Injury

Two basic mechanisms of injury in sports have been described. The more familiar
injury is macrotrauma, which results from a single application of force. Such injuries
consist of torn ligaments, strained muacle-tendon units, and fractured bones.
Because the tissues of sports-active children and adolescents differ from those of
adult athletes, the patterns of such injuries also differ. Growing bone is more porous
and more plastic than adult bone and can undergo a.significant amount of deforma-
tion before frank fracture occurs. The physis is unique in skeletally immature ath-
lotes and responds to trauma in a particular way depending on the stage of
maturation of the athlete. In prepubescent children, the physis is strong and liga-
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mentous injuries can occur with the physis remaining intact, resulting in contusions
or strains similar to those that occur in adults. During the growth spurt, physio-
logic changes in the physis render this region relatively weaker and more vulner-
able to injury. In adolescents, trauma may result in a physeal fracture or apophyseal
avulsion.

The second type of injury is microtrauma and is often classified as an overuse
injury. This type includes tendinitis of muscle-tendon units, stress fractures of bone,
osteochondritis dissecans, apophysitis, and direct injury to the growth plate. These
injuries can result from the sport itself or the training process.

Acute Physeal Injuries

Physeal injuries in child athletes, although relatively uncommon on the field, receive
much attention because of their possible long-term implications for the child.
Macrotrauma in a child athlete is similar to macrotrauma in a child who is not an
athlete. The Salter-Harris classification system is used to describe acute physeal and
juxtaphyseal bony injuries to the immature skeleton. Fractures are divided into five
groups based on the pattern of physeal injury and the increased potential for sub-
sequent growth arrest (Fig. 20-1A-E).

A Salter I fracture (Fig. 20-1A) involves only the growth plate without propagation
into the surrounding metaphysis or epiphysis. Radiographs of a nondisplaced Salter-
Harris I injury will demonstrate normal bony aligninent with possible soft tissue
swelling. Displaced injuries require reduction.

A Salter-Harris II (Fig. 20-1B) fracture involves the physis and the metaphysis.
Because the fracture propagates through the growth plate, it exits through the meta-
physis. The epiphysis is spared. The triangular metaphyseal fragment that is
involved in the fracture line is termed the Thurston-Holland fragment.

A Salter-Harris III (Fig. 20-1C) fracture involves the physis and the epiphysis, but
spares the metaphysis. This injury results in a disruption of the joint surface as the
fracture traverses the growth plate and then exits through the epiphysis and into
the joint.

A Salter-Harris IV fracture (Fig. 20-1D) involves both the epiphysis and the meta-
physis. This fracture does not travel along the growth plate, but instead traverses it
in an oblique or vertical fashion. In these injuries, there is vertical displacement of
the fracture fragment and disruption of the joint surface.

A Salter-Harris V fracture (Fig. 20-1E) is a crush injury to the growth plate that
involves only the physis. Magnetic resonance imaging (MRI) may be required for
proper diagnosis of such injury, which often is diagnosed in retrospect after a distur-
bance is identified in a growth plate.

Fractures involving the physis that are displaced should be reduced as soon as pos-
sible. Intraarticular fractures pose a great risk to normal joint mechanics. Although
rare, all physeal fractures, especially fractures that cross the physis (Salter-Harris
ITI and IV), can result in growth retardation, arrest, or angular deformity.

Overuse Injuries

Overuse injuries are the result of repetitive application of stresses to normal tissues.
Normal reparative processes are overwhelmed, and an inflammatory response is trig-
gered. Forty percent of injuries that occur in sports are directly related to overuse. As
in adults, in children overuse injuries can occur in bone as stress fractures, in tendons
as tendinitis, and at bone-tendon junctions as bursitis. However, in children, repeti-
tive trauma can injure the epiphyseal plate, the articular cartilage, and the apophy-
ses (insertion site for muscle tendon units on the bone).

In children, stress fractures most often involve the tibia, fibula, foot, and pars
interarticularis of the spine. Stress fractures occur if the intensity and duration of a
repetitive force applied to a bone reaches a level at which new bone formation is not
adequate to repair damage created by the repetitive force. Tenderness is localized to
the fractured area. Plain radiographs initially may be nondiagnostic. A bone scan can
confirm diagnosis. Treatment consists of “relative rest,” and avoidance of the activi-
ties that reproduce pain and incapacitation. Sufficient mechanical support, such as a
brace or crutches, should be used to relieve pain without excessively limiting activity
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Fig. 20-1. Salter-Harris Classi-
fication of Physeal Fractures.
A: Type I epiphyseal-plate injury:
separation of the epiphysis. B:
Type 1I epiphyseal-plate injury:
fracture-geparation of the epiphy-
sis. C: Type III epiphyseal plate
injury: fracture of part of the epi-
physis. D: Type IV epiphyseal-
plate injury: fracture of the epiph-
ysis and epiphyseal plate. E: Type
V epiphyseal-plate injury: crush-
ing of the epiphyseal plate.

169



170 20. Young Athletes

and thereby preventing deconditioning. In runners, the femoral neck is particularly
subject to stress fracture. This region is under great shear stress, and such a stress
fracture may require surgical treatment with internal fixation.

Tendinitis, although rare, does occur in skeletally immature athletes. Growth and
resultant inflexibility are the usual etiologic factors in tendinitis. Treatment is tar-
geted at improving flexibility, relieving inflammation, decreasing awelling, and
restoring strength. Bursitis is treated similarly. Steroid injections are rarely indi-
cated, and their use is highly controversial especially in immature athletes.

Overuse injury with repetitive loading to the physis may result in a decrease in the
rate of growth. If this condition is not recognized and training continues, loss of
length may be permanent. This has been described in the distal radius of gymnasts,
with subsequent mechanical injury and arrested longitudinal growth. Whether this
type of overuse injury occurs in the lower extremity with excessive training is not
clear, but training in growing children should be instituted with caution and chil-
dren’s growth rate should be monitored at 6 month intervals.

Osteochondritis dissecans can result from repetitive microtrauma to the softer and
more plastic articular cartilage of children. Force transmitted through the cartilage
to the adjacent subchondral bone results in fracture and necrosis of bony tissue.
Joints commonly involved include the knee, elbow, and hip. Pain is the presenting
symptom. Plain radiographs are often diagnostic. With early diagnosis, activity mod-
ification may be sufficient treatment. In large or well-established lesions, surgical
intervention may be necessary, either to restore the blood supply with drill holes or
in advanced stage, to remove loose pieces of cartilage in the joint. In skeletally
mature adolescents, this type of injury manifests itself as fissuring of the cartilage
and chondromelacia.

Apophysitis, which usually presents during the growth spurt, can be seen in the
olecranon, iliac crest, anterior inferior iliac spine, greater trochanter, ishial tube-
rosity, tibial tubercle (Osgood-Schlatter’s disease), distal pole of the patella (Sinding-
Larsen-Johansson syndrome), calcaneus (Sever’s disease), and the base of the fifth
metatarsal (Iselin’s disease). Pain is the presenting complaint. To confirm the diag-
nosis, stretching of the muscle—tendon unit that inserts on the particular apophysis
should reproduce the child’s symptoms. Radiographs are often normal, but may show
widening of the apophysis. Treatment involves rest, icing, and functional rehabi-
litation to include stretching and strenghtening. Immobilization is rarely neceesary.

Prevention

Clinicians dealing with children active in sports have a primary responsibility not
only for proper diagnosis and initial treatment of injuries, but also for prevention and
rehabilitation of injuries. Prevention of injury in this age group is essential to the con-
tinued performance of healthy exercise by children. Factors that contribute to the
incidence of macrotrauma include coaching expertise, quality of athletic facilities and
equipment, and matching of participants. Guidance in these areas should be provided
as part of the care afforded young athletes. Overuse injuries can be prevented if
attention is paid to training “error,” particularly with regard to the amount of train-
ing per week; muscle-tendon imbalance, especially as associated with the growth
spurt; anatomical malalignment; footwear; playing surface issues; associated disease
states, and nutritional balance. Awareness, knowledge, and guidance must be pro-
vided to young athletes by those actively involved with organized sports.
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SPECIAL CONCERNS OF THE FEMALE ATHLETE

Aurelia Nattiv and Mary Lioyd Ireland

I. Introduction

A. History of women in sports

1. For centuries, women participated very little in sports and athletic com-
petition. In fact, in the early 1900s women were excluded from the mod-
ern Olympic games because participation in sports was thought to be too
stressful for them.

2. The adoption of Title IX to the Education Amendments Act in 1972 led
to a dramatic increase in female sports participation and had a great
impact on women in sport. Title IX states that men and women should
have the same opportunities for participation in sports and exercise.

Il. Physlologic Differences in Females and Males

A. Pre- and postpubertal differences

1. There is no significant difference in the physical capabilities.of pre-
pubertal boys and girla (controlling for body size and composition).

2. With puberty, girls show a relative increase in body fat and boys a rela-
tive increase in lean body mass (mostly due to hormonal influences).
This inequality of muscle mass after puberty in women is reflected in
their decreased muscle strength, power, and speed, as compared with
that of men. '

B. Muscle strength

1. Strength differences between women and men are more apparent in the
upper extremity. Upper extremity strength in women averages 40% to
76% that of men, while lawer extremity strength in women averages
60% to 80% that of men. However, women have the same capacity for
strength gains as do men (controlling for body composition and size).
This is because strength gains are the result of both neuromuscular
recruitment and muscle hypertrophy. Women do not experience the
same degree of increased muscle hypertrophy as men, primarily because
their testosterone levels are lower. .

C. Aerobic capacity: Maximum oxygen uptake (Vospmax)

1. Women have a lower maximal level of aerobic capacity (after puberty)
than men, due to several factors: lower oxygen-carrying capacity, lower
hemoglobin content, lower blood volume (relative to lean body mass),
smaller hearts (relative to lean body mass), lower stroke volume, higher
percentage of body fat, and smaller muscle fiber area.

2. Athletic training programs produce similar increases in aerobic capacity
in males and females (controlling for body composition and size).

D. Endurance performance

1. Endurance performance is 6% to 16% lower in women in most endurance
events. This can be partially explained by the larger muscle fibers in
men (both fast- and slow-twitch muscle fibers), although the actual mus-
cle fiber composition is similar in men and women.

2. Athletic training programs (interval and continuous) produce similar
improvements in endurance performance in men and women.

E. Menstrual cycle and performance

1. Although there is a lack of research regarding menstrual cycle and per-
formance, most studies have shown no significant difference in athletic
performance in females during the different phases of the cycle.
Similarly, most studies report no significant benefit or detriment to ath-
letic performance in women taking oral contraceptive pills.
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. Muscuioskeletal Conslderations
A. Common musculoskeletal problems
1. Injury rates

a. Few true epidemiologic studies have compared male and female
injury rates. The rates of injury documented by the military studies
are about equal.

b. Each year, the National Collegiate Athletic Association (NCAA)
sends injury surveys to its member institutions. There are two true
sex-comparable sports, basketball and soccer. The additional
women’s sports included in the injury surveys are gymnastics,
volleyball, softball, lacrosse and field hockey. Men's sports included
in the injury survey are ice hockey, wrestling, gymnastics, lacrosse,
spring football, baseball and football.

(1) A comparison of the rates of injury with number of injuries per
1,000 athletic contests, averaged over a 3-year period, demon-
strated that there was no significant change in the rate of
uuunesmeachsportmtheayeara

¢. More studies comparing differences in injury patterns need to be
conducted at many levels.

2. Specific sport demands

a. In female sports, there are fewer t.raumauc collision mechanisms

and more repetitive axial loading microtraumatic overuse problems.

ANTERIOR
SUPERIOR
ILIAC SPINE

Vi

RF
VMO
vL

PATELLA

TIBIAL
TUBERCLE

Fig. 21-1. Lower-extremity alignment: Q-angle is a measure of patellofemoral align-
ment. It is measured as the angle formed by the intersection of a line from the ante-
rior superior iliac spine to the center of the patella and a line from the center of the
patella to the tibial tubercle. Normal is less than 12 degrees. Quadriceps muscles are
labeled with their force vectors (VI, vastus intermedius; RF, rectus femoris; VMO,
vastus medialis obliqus; VL, vastus lateralis).
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INCREASED
FEMORAL
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Flg. 21-2. Lower extremity alignment of miserable malalignment syndrome:
Changes in patellar alignment and muscle force vectors are shown in miserable
malalignment syndrome. Increased femoral anteversion, external tibial torsion, and
foot pronation, along with the increased Q-angle and VMO hypoplasia/dysplasia, all
create forces that laterally subluxate and tilt the patella (VL, vastus lateralis; VMO,
vastus medialis obliqus).

b. Lower extremity

(1) In running and dance sports, lower-extremity tendinitis or stress
fractures are most common. To prevent injury, three assessments
must be made: the sport’s biomechanics, footwear and orthotic
equipment and duration of training.

c. Upper extremity

(1) Upper-extremity weakness and physiologic multidirectional lax-
ity can result in shoulder overuse injury patterns. In the younger
athlete, the primary problem is usually laxity or instability,
rather than rotator cuff dysfunction. Repetitive overload results
in entire upper-extremity dysfunction.

(2) Sports can be divided into two types: axial loading (compression)
and distraction (the glenohumeral joint and rotator cuff), or into
a combination of both. Tennis and softball are distraction sports.
Diving and cheerleading are more axial loading sports, whereas
basketball and swimming are a combination of both types.
Specific prevention programs for strengthening should be used in
each case.

(8) The pitcher in softball, fast-pitch underhand style, is more likely
to be injured by contact with the ball than to develop an overuse
shoulder problem or labral tear. Swimming rarely results in labral
tears; more often, the laxity leads to rotator cuff dysfunction.



174 21. Special Concerns of the Female Athlete

Less musoular
thigh development

Leas developed VMO

inocreased lexibility/
fypesrextension

Genu vaigum

Fig. 21-3. Female lower extremity: Wider pelvis, increased femoral anteversion,
external tibial torsion, pes planus, less thigh development, less developed VMO along
with increased flexibility, range of motion, genu valgum, and narrow notch make
women's knees more “ligament dominant.” (VMO, vastus medialis obliqus)

d. Unique and female-only apparatuses are used in gymnastics: bal-

ance beam and uneven parallel bars. Varying injury patterns can
occur when athletes perform on the unique equipment.

3. Stress fractures (see Chapter 37)
a. Overall rate: the military rates of stress fractures have equalized

with changes in training during the last 10 years. Stress fractures
appear to occur more often in the female athlete as compared to her
male counterpart. The etiology of the stress fracture whether from
insufficiency or over training, must be determined. One must sus-
pect an underlying nutritional disorder or hormonal insufficiency:
amenorrhea or oligomenorrhea.
. Factors contributing to stress fractures
(1) Anatomic and biomechanical factors
(a) Training errors
(b) Biomechanics
(c) Low bone density
(d) Bone geometry
(2) Hormonal influence
(a) Hypoestrogenic amenorrhea
(b) Oligomenorrhea
(3) Nutritional factors
(a) Inadequate calories
i) Calcium
ii) Mineral
(b) Disordered eating
i) Anorexia nervosa
ii) Bulimia
iii) Single or combined
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Fig. 21-4. Male lower extremity: More narrow pelvis, less femoral anteversion, wider
femoral notch, neutral (to slight internal) tibial torsion, genu varum, more thigh mus-
culature development, VMO hypertophy, and less flexibility result in a muscle domi-
nant/less ligament-dominant knee. (VMO, vastue medialis obliqus).

c. Assess level of risk of completion of fracture
(1) Stress fracture at risk of progression
(a) More aggressive treatment
(b) At-risk location
i) Hip-Distraction side superior femoral neck.
ii) Tibia—Anterior tibial cortex—dreaded black line.
iii) Tarsal navicular
iv) Fifth metatarsal-Jones' type
v) Proximal second metatarsal
vi) Sesamoids—great toe
vii) Intraarticular fracture—unusual
(2) Not at risk of progression
(a) Medial tibial
(b) Fibular fracture
(c) Metatarsal
i) Non-Jones
ii) Nonproximal second metataraal
d. After second stress fracture, bone density study should be considered.
4. Patellofemoral disorders (PF) (see Chapter 53)
a. Anatomic alignment
(1) The Q angle is measured by line from anterior superior iliac
spine to patella and line from patella to tibial tubercle. The nor-
mal is less than 12 degrees (Fig. 21-1).
(2) Miserable malalignment syndrome refers to lower-extremity
alignment of increased femoral anteversion, vastus medialis
obliquus (VMO) dysplasia, excessive Q angle, external tibial tor-
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sion, and forefoot pronation, all of which create forces which lat-
erally sublux and tilt the patella (Fig. 21-2).

(3) Increased valgus and patellar hypermobility are more common
in the female.

b. Anterior knee pain

(1) Anterior knee pain is the most common complaint of the young
female athlete.

(2) Make a specific diagnosis (Table 21-1). Only when a specific diag-
nosis is made can appropriately directed treatment be instituted.

5. Anterior cruciate ligament Tears (ACL) (see Chapter 50)
a. Epidemiology

(1) At the Olympic level, in women’s basketball and team handball,
there is a significantly greater risk of noncontact ACL tears.
Estimates are four to six times greater in females.

(2) Collegiate level: ACL injuries occur at a more frequent rate: 4.1
times more in females in basketball and 2.4 more in women in
soccer. Noncontact increased rate in females was 5.3 in basket-
ball and 3.4 in soccer.

(3) High school level: The need for knee surgery was greater in girls’
basketball than in boys’ football. The overall injury rate per ath-
lete per season was similar in both girls’ basketball and boys’ foot-
ball, but for severe injuries was greater in girls’ basketball than in
boys' football.

. Anatomic differences between females and males play a role. Female

alignment is shown (Fig. 21-3). Alignment differences include wider
pelvis, femoral anteversion, external tibial torsion, pes planus, less
thigh development, and less developed VMO, causing female ath-
letes to have more of a ligament-dominant knee; increased flexibil-
ity, range of motion (ROM), and genu valgum are more common in
female athletes. In male athletes, alignment of a more narrow pelvis,
less femoral anteversion, wider femoral notch, internal or neutral
tibial torsion, and genu varum are common, as are a more muscle-
dominant structure of more developed thigh musculature, VMO

Table 21-1. Differential diagnosis of anterior knee pain®

Mechanical Inflammatory Other
Patella Bursitis Reflex sympathetic
Subluxation Prepatellar dystrophy
Dislocation Retropatellar Tumor
Fracture Semimembranosus
Stress Tendinitis
Acute (transverse) Patellar
Bipartite Pes anserinus
Fibrous nonunion Semimembranosus
Acute fracture Synovitis
Quadriceps rupture Arthritis
Patella tendon rupture
Inferior avulsion
Interstitial
Patellofemoral stress syndrome
Pathologic plica
Osteochondral fracture
Trochlear groove
Patella
Loose bodies
Osteochondritis dissecans

® From Hutchinson MR, Ireland ML. Knee injuries in female athletes. Sports Med 19985,

19:288-302.
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hypertrophy. Less flexibility results in a muscle-dominant, less
ligament-dominant knee in males (Fig. 21-4).
c. Factors contributing to ACL injuries

(1) Intrinsic factors
(a) Physiologic rotatory laxity
(b) Size of ACL
(c) Valgus alignment
(d) Hyperextension
(e) Proprioception
(0 Neuromuscular firing order
(g) Hormonal influences

(2) Extrinsic factors
(a) Strength
(b) Conditioning
(c) Shoes
(d) Motivation
(e) Deceleration forces

(3) Both
(a) Skill
(b) Coordination

(4) The most important factors in the increased incidence of non-
contact injuries in the female athlete are physiologic rotatory
laxity, proprioception and neuromuscular firing patterns.
Improvement is needed in the level of youth physical education
and movement patterns, strength, and balance. Teaching a bas-
ketball athlete to land on both feet and to use posterior directed
forces should help. Screening for high-risk factors should reduce
incidence of injury.

IV. Femele Athlete Triad: Disordered Eating, Amenorrhea, and Osteoporosis
A. Definition of the triad
1. The female athlete triad represents the interrelationship and often co-
existence of disordered eating patterns, amenorrhea, and osteoporosis.
These problems represent a growing concern in sports medicine. Each
component of the triad is defined in sections V and VI. The constant
focus on achieving and/or maintaining an “ideal” body weight and/or
“optimal” body fat often is the underlying theme.
B. Prevalence of the triad in athletes
1. The true prevalence of the female athlete triad is unknown and difficult
to determine, but a triad profile has become apparent. The female athlete
triad appears to be more prevalent among athletes competing in appear-
ance or endurance sports: gymnasts, figure skaters, dancers, runners
(distance), and swimmers, although athletes of all sports are potentially
at rigk. It is also more common in adolescent and young adult age groups.
2. The prevalence of amenorrhea and disordered eating in athletes is
noted in sections V. B. and VI. B. The prevalence of osteoporosis in
young female athletes is unknown.
C. Health consequences of the female athlete triad
1. The potential exists for short- and long-term health consequences as
well as psychological, medical, and orthopaedic repercussions of disor-
dered eating, amenorrhea, and premature osteoporosis. (Refer to sec-
tions V. C and V1. D.)

V. Menstrual Dysfunction and Bone Concerns in the Female Athlete
A. Introduction
1. Hormonal status has a significant effect on bone in young as well as in
older persons who exercise. The various types of menstrual dysfunction
most common in premenopausal female athletes and their effects on
bone are surnmarized below:

a. Luteal phase dysfunction: Inadequate levels of progesterone; normal
or shortened cycle length; may be an adaptive response to exercise.

Effect on bone mass is still controversial.
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b. Oligomenorrhea: Menstrual cycle greater than 36 days; may be anovu-
latory; associated with bone loss due to low estrogen (primarily) and
progesterone.

c. Primary amenorrhea: The lack of menarche by 16 years of age; may
be associated with significant decrease in bone density and skeletal
development if due to low estrogen state; may contribute to an
increased incidence of stress fractures and scoliosis.

d. Secondary amenorrhea: Absence of three to six consecutive men-
strual cycles or less than three cycles per year in a woman who has
previously had her menarche. Significant negative effect on bone
mineral density can be seen in axial and appendicular skeletal sites.

2. Definition of osteoporosis: Premature bone loss and inadequate bone for-
mation, resulting in low bone mass, microarchitectural deterioration of
bone tissue, and increased bone fragility, resulting in an increased risk
of fracture.

B. Prevalence of menstrual dysfunction and bone concerns

1. The prevalence of menstrual dysfunction in the female athlete varies
among sports and intensity of training, although other factors are
involved. In general, there is an increased prevalence of oligomenorrhea
and amenorrhea among athletic women, with prevalence rates of sec-
ondary amenorrhea between 3.4 and 66% (as compared with the rates of
amenorrhea in the general female population of 2% to 5%).

2. The prevalence of premature osteoporosis in the premenopausal female
athlete is uncertain, but is a significant medical concern in athletic
women with a history of oligomenorrhea, amenorrhea and/or disorders
of eating.

C. Potential complications of menstrual dysfunction in athletes

1. There are a number of potential complications of menstrual dysfunction
in the athletic setting. Problems of some concern that may develop in this
setting are those of premature osteoporosis and an increased prevalence
of stress fractures and pathologic fractures (due to a hypoestrogenic
state). Infertility is a potential complication if the athlete is anovulatory,
but this is believed to be reversible if it is exercise related.

2. There are other theoretical risks of menstrual dysfunction in the athletic
woman which include an increased risk of cardiovascular disease and a
negative effect on lipid profiles (possibly due to low estrogen). Other pos-
sible risks include endometrial hyperplasia with an increased risk of
adenocarcinoma of the uterus (if a woman is anovulatory and there is an
iUnopposed estrogen state). Future research is needed to assess these
potential risk factors in women with athletic-associated menstrual dys-
function who exercise.

D. Contributory variables associated with menstrual dysfunction in athletes

1. Although the etiology and pathophysiology of menstrual dysfunction in
athletes is not known, several contributory variables appear to be asso-
ciated with menstrual dysfunction. These include previous menstrual
history (delayed menarche, irregular menses, nulliparity), increased
exercise intensity, dietary factors, disordered eating patterns, abrupt
changes in body composition, stress (psychological and physical), and
certain high-risk sports (gymnastics, distance running, ballet, figure
skating, swimming).

E. Proposed mechanisms of athletic amenorrhea

1. There are many theories relating to the mechanisms involved in athletic
amenorrhea. The most popular current theories involve an inhibition of
the hypothalamic gonadotropin-releasing hormone (GnRH) pulse and
reduction in lutenizing hormone (LH) pulse frequency. Low energy
availability may disrupt the GnRH pulse. Caloric intake may not be suf-
ficient for the amount of energy being expended in exercise training. A
state of negative energy balance exists, resulting in an energy drain
manifested by amenorrhea.

F. Decreased bone mineral content in amenorrheic athletes

1. Although exercise can increase bone mineral density in healthy, normally

menstruating, women, there appears to be a point of diminishing return
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in women who overtrain and develop athletic-associated amenorrhea and
oligomenorrhea. Multiple studies have shown that decreased bone min-
eral density often is a consequence of amenorrhea and oligomenorrhea in
athletes. This decrease in bone mineral density is generalized throughout
the skeleton and can be quite severe. The majority of studies have not
shown gain in bone density in the premenopausal female athlete, despite
estrogen replacement and calcium. Therefore, prevention is important.

2. Low bone density can predispose athletes to stress fractures and poten-
tially devastating osteoporotic fractures later in life. When assessing
risk factors for stress fractures, researchers have shown that athletes
with stress fractures have lower bone mineral density, calcium intake,
and menstrual irregularity, and use fewer oral contraceptives.

G. Stress fractures (See Chapter 37)
H. Clinical evaluation of menstrual dysfunction

1. A detailed history is important to identify potential risk factors for
athletic-associated amenorrhea and to differentiate athletic-associated
amenorrhea from amenorrhea due to other causes. Risk factors for
athletic-associated menstrual dysfunction include a previous history of
delayed menarche and irregular menses, excessive training, disordered
eating behaviors, abrupt changes in body composition, and stressors. It
is important to assess for other apparent etiologies of menstrual dys-
function. Medication history and history of possible associated symp-
toms (i.e., galactorrhea) are important, as are family history of endocrine
disorders or other medical problems.

2. The diagnosis of athletic-associated amenorrhea is a diagnosis of exclu-
sion. A thorough physical examination and pelvic examination are indi-
cated in most instances. A work up for delayed menarche is indicated if
menstruation has not begun by age 16 (or by age 14 if there are no sec-
ondary sexual characteristics) For females less than 18 years of age, a
pelvic examination may be deferred if not sexually active. Vital signs,
physical examination, and assessment of development of secondary sex-
ual characteristics are important. An increase in weight or development
of hirsutism, and/or acne may suggest polycystic ovarian syndrome.

3. Laboratory testing may be important to establish the diagnosis of
athletic-associated menstrual dysfunction and to rule out other causes.
A pregnancy test is essential in sexually active individuals. A thyroid-
stimulating hormone (TSH) test to assess for underlying thyroid disease,
a follicle-stimulating hormone (FSH) test to assess hormonal function,
and a prolactin level to assess for a pituitary adenoma, are important
screening tests. If individuals complain of hirsutism and acne, or if these
findings are noted on examination, assessment of LH and FSH, dihy-
droandosterone sulfate (DHEA-S), and free testosterone may help in
establishing whether polycystic ovarian syndrome exists or androgen-
excess due to ovarin or adrenal tumors. Indirect testing includes a prog-
esterone challenge with medroxy-progesterone acetate (Provera) 16"
mg/day for 7 to 10 days. Lack of vaginal bleeding suggests a hypoestro-
genic state, an obstructed outflow tract, or pregnancy.

I. Treatment and prevention of menstrual dysfunction in athletes

1. The treatment of menstrual dysfunction in female athletes varies some-
what based on the degree of menstrual dysfunction (see section V.A.).
Adequate caloric intake and avoidance of disorders in eating patterns
are often key components in the prevention and treatment of menstrual
dysfunction. Adequate calcium intake and healthy eating patterns can
help prevent the potential negative effects of athletic amenorrhea and
oligomenorrhea on bone health. Specific preventive and treatment
strategies are outlined, based on the hormonal milieu and type of prob-
lem. It must be remembered that the same individual may experience
significant hormonal changes throughout-her exercising and athletic
career and treatment may vary during these times. Luteal-phase dys-
function, oligomenorrhea and amenorrhea in the athletic setting may
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occur on a spectrum (see section V.I. for definitions of menstrual dys-
function common in athletes).

. For luteal-phase dysfunction, an effect on bone is not certain. Treatment

includes assessment of energy needs and optimal nutrition, calories and
calcium intake. Hormonal therapy may be beneficial.

. Treatment of oligomenorrhea may vary depending on the person’s estro-

gen status. If the athlete is euestrogenic, oral contraceptives may be
used if she is sexually active or monthly progestin may be used to protect
the endometrium (medroxyprogesterone acetate 10 mg/day for seven to
10 days). Optimal nutrition and calcium intake—1,200 to 1,500 mg/day
calcium—is recommended.

. The hypoestrogenic amenorrheic woman presents the greatest challenge.

A multidisciplinary approach is needed to address the many issues
that may be contributory: Use of oral contraceptives or cyclic estrogen/
progestin are recommended to prevent further bone loss and possibly to
reduce the risk for stress injury. Decreasing exercise training intensity
and/or duration should be considered. To optimize nutrition, calories
and/or weight can be increased if indicated, and calcium intake can be
increase to 1,500 mg/day (supplement if indicated). Disordered eating pat-
terns can be treated by considering psychological and nutritional counsel-
ing and stress reduction techniques. Bone density testing should be
considered if amenorrhea has been manifest for more than 6 months. The
importance of education, counseling, and a multidisciplinary team
approach must be emphasized and is essential.

V1. Disordered Eating
A. Definition of terms

1.

In the athletic setting, a spectrum of eating patterns exists: from normal
eating habits to disordered eating, and to development of an eating dis-
order. Disordered eating represents abnormal eating behaviors in per-
sons who do not neceasarily fit the psychiatric criteria for anorexia or
bulimia nervosa. At the extremes of the disordered eating spectrum lie
the frank eating disorders of anorexia and bulimia nervosa, which have
strict (DSM IV) psychiatric criteria. Many athletes who have poor nutri-
tional habits are at an intermediate point on the spectrum of disordered
eating. These athletes are still at risk for developing serious endocrine,
skeletal, and paychiatric disorders.

. Features of anorexia nervosa include weight 15% below expected weight,

feeling fat when really thin, an intense fear of becoming overweight, and
amenorrhea. Features of bulimia nervosa include secretive binges two
times a week for more than three months, lack of control over eating,
purging behavior (laxative use, diuretic use, self-induced vomiting,
overexercising), and overriding concern with body shape.

. Anorexia (restrictive eating) and bulimia (binge/purge behaviors) often

coexist. Many athletes exhibiting these behavior patterns do not fit the
DSM IV criteria for an eating disorder, but may have some of the fea-
tures of anorexia and bulimia and are still at risk for significant health
problems. The DSM IV classification of Eating Disorders Not Otherwise
Specified is sometimes used in these situations.

B. Prevalence of disordered eating in female athletes

1.

2

The true prevalance of disordered eating in athletes is unknown. Based
on a series of small studies there is a reported 15% to 62% prevalence in
female athletes. A higher prevalence of disordered eating is often noted
among participants in certain sports; sports in which subjective judging
and aesthetics are important (gymnastics, dance, figure skating, diving),
sports in which peak performance is associated with low body fat
(running—especially distance running— and swimming).

. The prevalence of anorexia and bulimia in the general female population

is an estimated 3% to 5% for bulimia, and 1% to 3% for anorexia.

C. Contributory factors for disordered eating in athletes

1.

Although the etiology and pathophysiology of disordered eating is not
known, there are some known contributory factors, including the desire
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to achieve or maintain an ideal body weight and/or optimal body fat,
extreme pressure to excel in sport, pressure from coaches (weight stan-
dards, unrealistic expectations), pressure from parents, school, organi-
zation, society, self, low self-esteem, and poor body image. Athletes in
sports in which appearance or endurance is important are often at
higher risk. A family history of disordered eating or substance abuse and
family dysfunction may also be an underlying factor, as might a history
of sexual abuse. Puberty, adolescence, and young adulthood are vulner-
able stages of development and it is in these periods of time when most
disordered eating problems manifest.
D. Health consequences

1. The health consequences of disordered eating are often lifelong. Psycho-
logical health consequences include the potential for significant morbid-
ity and even mortality with anorexia and bulemia, as well as with
disordered eating. Endocrine problems may involve menstrual dysfunc-
tion, premature osteoporosis, and growth and development effects.
Nutritional problems oftea include pathologic weight-contro] tech-
niques, malnutrition, and a starvation state, which can lead to a multi-
tude of problems. Multiorgan problems of the cardiovascular and
gastrointestinal (GI) systems can occur and in the more severe cases
these can have a potential negative effect on every organ system.

E. Clinical evaluation

1. History. One must maintain increased awareness of the female athlete
triad and potential high-risk groups when screening for these important
and often secretive problems. The preparticipation physical examination
(PPE) is often an ideal time to screen and intervene for health issues of
concern. Questions assessing nutritional history, menstrual history and
exercise training are important. A 24-hour diet recall, highest and low-
est weight in the past 12 months, a list of forbidden foods, and assess-
ment of the athlete’s sense of body satisfaction d@re important. A past or
present history should be obtained of laxative use, use of diet pills or of
self-induced vomiting. If a problem is identified, the athlete should be
referred for a more detailed assessment and a physical examination can
be 'scheddled at another office visit.

2. Physical examination. A-complete physical examination and pelvic
examination (if there is menstrual dysfunction) is warranted if there is
concern about disordered eating. Some signa/symptoms on physical
examination that may'be helpful are decreased body temperature,
bradycardia, orthostatic hypotension, lanugo development (anorexia),
decreased concentration, swollen parotid glands-(bulimia), erosion of
tooth enamel (bulimia), face and extremity edema, esophageal tears
(bulimia), cardiac arrhythmias, abdominal pain, and delayed gastric
emptying, in addition to other problems.

3. Laboratory testing may be helpful in some instances. Tests obtained
depend on clinical assessment of risk. Patterns that may be seen with
disordered eating patterns include a complete blood count with a low
white bleod cell (WBC) count, low platelets; a chemistry panel with ele-
vated LFTs (liver function tests), elevated cholesterol level; thyroid func-
tion tests with a low T3 and normal TSH; and electrolytes with low K, Na,
Cl, Mg, PO4, Ca; and urine analysis to assess for ketonuria, pyuria, and
hematuria. A ferritin level may be helpful to assess for iron deficiency.

4. An electrocardiogram (ECG) should be obtained in athletes with more
significant restrictive eating (anorexia) prior to clearing for sport par-
ticipation. Assess for prolonged QT interval or other abnormalities if dis-
ordered eating is significant or if clinically indicated. (Prolonged QT
interval and other ventricular arrhythmias have been noted as causes of
death in severely ill patients with anorexia nervosa.)

F. Treatment and prevention

1. The treatment for disordered eating should emphasize prevention. A
multidisciplinary team (psychologist, nutritionist, physician, others) is
essential in both preventive and treatment efforts. Medication may be
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indicated in some cases (SSRIs are promising) along with individual and
group therapy. A support network is important. Increasing self-esteem
often is the focus of therapy sessions. The physician should emphasize
optimal health, not disease. Follow/treat the patient if there is men-
strual dysfunction [e.g., with ERT, calcium, etc.] for prevention of osteo-
porosis (dietary approaches, appropriate exercise, possible ERT, or
other intervention).

2. Redefining athletic goals is important if appropriate and removal of an
at-risk athlete from competition can be considered if medically indi-
cated. Hospitalization may be indicated in some cases.

Vil. Nutritional Concerns In the Female Athlete
A. Nutrient requirements

B.

C.

1. Female athletes have nutrient requirements similar to those of male

athletes, with two exceptions: calcium and iron.
Calcium

1. For hypoestrogenic amenorrheic women, calcium 1,600 mg/day is needed
to maintain calcium balance. For euestrogenic women, calcium 1,200 to
1,500 mg/day is needed. Dietary calcium is preferred to supplements.

Iron

1. Approximately 20% to 30% of female adolescent and young adults (ath-
letes and nonathletes) may be iron deficient. It is important to differen-
tiate iron deficiency anemia from pseudoanemia, which occurs in some
athletes (see Chapter 28). Sources of iron loss include menstruation,
diet, GI blood loss, sweat, urine and foot strike hemolysis.

2. Tt is not cost-effective to screen all female athletes for iron deficiency.
Screening high-risk athletes (endurance athletes and others, based on
clinical assessment) or those with a previous history of iron deficiency,
may be beneficial. Serum ferritin is the most sensitive diagnostic test
(more than 12 mg/dL is diagnostic). Because ferritin is an acute-phase
reactant, obtaining serum iron studies may be helpful. Iron level is
decreased and TIBC level is increased in iron deficiency. Decreased
hemoglobin and hematocrit levels may be deceiving and can also be a
finding with pseudoanemia of athletes (a physiologic dilutional effect).

3. The effect of anemia on athlete performance is controversial. Mild ane-
mia decreases performance, whereas low ferritin without anemia proba-
bly does not.

4. The treatment of iron-deficiency anemia includes iron supplementation
(varying dose depending on severity) and dietary counseling. In iron
deficiency without anemia, iron supplementation is controversial.
Prevention of anemia through dietary counseling is recommended and
following the athlete to detect development of anemia is suggested. In
athletes with normal iron stores, routine iron supplementation is not
warranted. Prevention through dietary counseling is recommended.

VIIl. Stress Urinary Incontinence in the Female Athlete

A
B.
C.

Stress urinary incontinence is experienced as involuntary loss of urine dur-
ing physical exertion by some athletes.

The mechanism involves increased intraabdominal pressure during exer-
cise.

At risk are athletes in running and jumping sports (gymnasts, runners,
jumpers), hypoestrogenic amenorrheic/oligomenorrheic females, multi-
parous females, and those with anatomic defects.

. Treatment includes avoiding excessive fluid ingestion for 2 to 3 hours before

an event (failored to sport and weather conditions to avoid dehydration) and
use of a tampon or small sanitary napkin during an event and/or kegel exer-
cises to strengthen muscles of the pelvic floor. Biofeedback, and other forms
of behavioral therapy may prove beneficial. Physicians should assess such
problems and correct menstrual dysfunction if it exists, especially hypo-

. estrogenic state, which may contribute to stress urinary incontinence (e.g.,
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hormone replacement may beneficial). Assess and correct for anatomic
defects, such as in the posterior urethrovesical angle.

IX. Prevention of Medical and Orthopaedic Problems In the Female Athlete
A. Screening

1. The PPE is required for many athletes before they participate in orga-
nized sports and provides an ideal opportunity to screen athletes and to
educate and counsel them. A thorough history is important—be specific
in questions and maintain a high index of suspicion for the special con-
cerns of the female athlete. A physical examination should be tailored to
the needs of female athletes.

2. Physician office visits 3liov1d be used to follow individuals when neces-
sary for identified prollerns or = provide athletic training room oppor-
tunities for the physician who is also following an athletic team in a high
school, college, or professional setting.

B. Education and counseling

1. Medical concerns, including endocrine, nutritional, and psychological
problems, must be monitored if the athlete is to exercise in a safe and
healthy manner.

2. Orthopaedic concerns include injury prevention—strength and flexi-
bility, correction of biomechanical imbalances, appropriate footwear,
and year-round training.

C. Multidisciplinary team

1. The importance of a multidisciplinary team approach cannot be overem-
phasized. The primary care physicians ideally should have consultants
availablé in the areas of nutrition, psychology, orthopaedics, and physi-
cal therapy/athletic training to assist in medical care of the female ath-
lete when needed.
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22. ACTIVITY FOR OLDER PERSONS AND MATURE ATHLETES

Henry C. Barry

I. Introduction

A. Epidemiologic Aspects of Aging. The average expected remaining years of

life for American men and women aged more than 65 years is 14.7 years and
18.6 years, respectively. In general, the elderly are living longer, although
some have a degree of impairment. Some elderly people have high functional
capacities (including the capability of competing at the Master’s level) and
others have significant impairments.

B. Exercise, Aging and Inactivity

1. The Aging Process. Aging is marked by progressive impairment of mech-
anisms that control normal physiologic function. Ultimately, these alter-
ations result in structural changes and functional decline involving all
organ systems. The most important alterations, from a functional per-
spective, are the changes that occur in the cardiorespiratory, musculo-
skeletal, and the central nervous systems. Table 22-1 summarizes these
changes.

2. Exercise Benefits. Many age-related changes may be prevented or ame-

liorated by physical activity. When people exercise habitually, blood

pressure decreases, atherosclerosis slows, and muscle mass and
strength increases. However, whether the relationship between an
active lifestyle and good health is due to self-selection or genetic vigor or
whether protection truly is afforded by being active is not clear. Many of

the benefits of habitual activity are summarized in Table 22-2.

3. Aging and Inactivity. Among people aged more than 65 years about one
third exercise regularly, but less than 10% exercise vigorously. The role
of inactivity is a risk factor for many conditions (coronary artery disease,
osteoporosis, obesity, diabetes, and others). Table 22-3 summarizes
many of the changes associated with inactivity. Comparison of Table
22-1 and Table 22-3 should raise questions about parallel processes, so
that one might postulate that some of the changes associated with aging
may actually be due to being sedentary.

4. An Integrated Model of Aging. In this model, one would observe a vicious
cycle wherein aging is associated with a reduction in physical activity,
which in turn results in deconditioning, weakness, and fatigue. When
disease, disability, and injury are included, the tendency to inactivity is
greater, resulting in further physical decline. As the person declines
physically there may be both a concomitant deterioration in the sense of
wellness, and psychologic changes which lead to poor motivation and a
further reduction in physical activity.

C. Hazards of Exercise. Generally, exercise may be considered either preven-

tive or therapeutic. For example, a program of flexibility and strength may
prevent falls. Exercise may have therapeutic benefit in persons with arthritis
and in the rehabilitation of fractures and strokes. There are some risks to
exercise, and the risk of injury is an important barrier to participation. The
increased frequency of musculoskeletal impairment and cardiovascular dis-
ease makes it difficult for the elderly to return to activity after an injury.

Il. General Conslderations

184

A. Goals. Improved quality of life functional status, sense of well-being) should

be the ultimate goal of an exercise routine. Enjoyment and socialization are
key components of this. Compliance with exercise requirements increases
when it is shared with others. The social interactions that accompany the
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Table 22-1. Functional signs associated with age

Cardiovascular

Decreased cardiac output

Elevated syatolic and diastolic blood pressure

Decreased maximum heart rate
Respiratory

Decreased vital capacity

Increased functional residual capacity
Musculoskeletal

Loss of muscle mass and strength

Osteoporosis

Reduced elasticity in connective tissue
Central nervous system

Reduced nerve conduction

Impaired motor responses

Decreased brain mass
Miscellaneous

Loss of subcutaneous fat

Impaired thirst sensation

Impaired thermoregulation

Table 22-2. Adaptations to exercise

‘ardiovascular

Improved work capacity
Decreased resting heart rate
Increased HDL-C*
Reduced blood pressure N
Improved maximum oxygen consumption (Vog.,,,)

Waspiratory '
Improved minute ventilation

Musculoskeletal
Increased bone density
Improved flexibility and range of motion
Increased muscle tone and strength
Improved coordination

Miacellaneous
Improved mental outlook
Heduced symptoms of depression and anxiety
Improved fat and carbohydrate metabolism
Increased insulin receptor sensitivity
lmproved weight control

WM, ¢, high density lipoprotein cholesterol.

Table 22-3. Adaptations to inactivity or irmmobilization

Hewluced aerobic fitness

| v of postural reflexes

Altered lipid metabolism
Magalive nitrogen balance

| swsa of muscle mass

¢ alium extraction (osteopenia)
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exercise routine provide mental and intellectual stimulation that is often
missing in daily interactions of the elderly.

B. Cost. A key issue for many older patients is to limit financial expense. Many
have limited financial reserves for recreational purposes. However, patients
with specific rehabilitation potential may be eligible for Medicare reim-
bursement for therapeutic exercise programs with a physical therapist. For
most ambulatory elderly, walking is probably the single most important form
of physical activity and one that can be engaged in regularly in most loca-
tions. Little equipment is needed except for a pair of shoes that fit well, and
for some, an assistive device (canes, walkers). Public television often has
midday exercise shows emphasizing flexibility and low-impact aerobic exer-
ciees, well suited for many active elderly. Many senior citizen centers have
similar programs at little or no cost. Frequently, the local Office on Aging
will have lists of programs.

C. Safety. Safety is of prime importance for all who exercise, but the elderly
present some unique challenges.

1. Fluids. The elderly are less able to adapt to changes in temperature, and
total body water also is decreased in the elderly. These factors contribute
to an increased propensity to dehydration and hyperthermia. The
elderly should consume at least 8 ounces of fluid 1 hour before perform-
ing vigorous exercise and should take regularly scheduled water breaks
while exercising rather than rely on a potentially impaired thirst mech-
anism to tell them when to drink. An additional 8 ounces of fluid should
be consumed after every hour of exercise. The amounts should be
increased by 50% if the weather is hot and humid.

2. Temperature. The elderly are more susceptible to cold injuries because
of their decreased ability to perceive ambient air temperatures and react
appropriately. This may be related to factors including loss of subcuta-
neous fat, decreased muscle mass, inadequate vasoconstriction, auto-
nomic dysfunction, altered shivering mechanism, peripheral vascular
disease, and the effects of medications (e.g., phenothiazines, tricyclic
antidepressants, benzodiazepines, alcohol, nicotine). Appropriate dress
must be emphasized. Clothing should be layered to allow adjustment to
different temperatures and reflector garments should be worn when
exercise is performed near roadways.

3. Feet. Because of impaired sensation, many elderly have a decreased
ability to detect blister formation or friction injuries. Use of appropriate
stockings and footwear that fits properly will prevent this. Frequent
inspection of the feet and careful drying will help prevent serious blis-
tering. This is especially important for persons with diabetes.

4. Environment. The elderly must monitor carefully for extreme environ-
mental conditions (temperature, humidity, and air quality). They should
exercise in well-lit places. With decreased sensory abilities (i.e., proprio-
ception, eyesight, balance), there is an increased chance of injury.
Because poor air quality may exacerbate COPD or asthma, exercise next
to busy roadways or near traffic should be discouraged. The elderly
should be especially cautious in summer, when air quality may deterio-
rate. In such circumstances, performing exercise indoors may be helpful.
For instance, many indoor shopping malls have distances marked out
and allow entry exercise indoors before the shops open.

D. Strength. The elderly can derive many benefits from resistance training.
They can achieve increases in muscle strength and mass, improvements in
gait speed, and increased functional mobility. Proper lifting techniques with
an emphasis on proper breathing is critical. Valsalva lifting can be disas-
trous in the elderly.

E. Motivation. Motivating the elderly to begin or to maintain an exercise pro-
gram can be as problematic as mobilizing sedentary adolescents. Conditions
such as depression and dementia can impair interest in engaging in or main-
taining activity. Treatment of depression and reversible causes of dementia
should be key components of any attempt to manage activity among seniors.
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1. Goal Identification. The spectrum of desired activity is wide: Some may
want to play with their grandchildren. others to compete at the master’s
level; some may wish merely to be independent in toileting or other self-
care activities. Goals should be realistic and attainable. Frequently, inter-
mediate goals must be identified. Education about the benefits of exercise
begins with the initial physician-patient meeting, and should be rein-
forced with each visit. The benefits that are likely to generate the great-
est interest are those that help patients achieve their own goals. Several
strategies, including use of films and videos, educational handouts, book-
lets, and group sessions, may help motivate the elderly. Meetings with
peers or with influential role models may have even more impact.

2. Rewards. Failure to achieve goals is a common source of frustration and
increases the probability of dropout. This is not unique to the elderly. If
such failure occurs, goals should be reassessed. Use of an exercise diary,
charts, or graphs should be encouraged, so that progress can be plotted.
Praise and encouragement should be offered frequently. Positive rein-
forcement must be genuine and consistent. Rewards or public recogni-
tion for goal achievement will further reinforce compliance. Setbacks or
plateaus should be explained as normal or anticipated occurrences.

3. Variety. To prevent boredom, types of activities ought to be rotated reg-
ularly. By alternating between different activities, older people will con-
tinue to develop skill and derive benefit, and by wise selection of activi-
ties, the problem of overuse-injuries can be minimized. In a population
that already has a great propensity to become sedentary, avoidance of
injury is extremely important.

Medication Use and Exercise
The elderly are the greatest users of medications. Frequently, seniors use multi-
ple prescription drugs. When these are added to their use of a number of non- -
prescription drugs (vitamins, laxatives, analgesics, others) significant problems
are more likely to occur. Polypharmacy is often a problem. Many of the more
commonly used drugs present special problems for the elderly and for their
activity levels.

A. Orthostatic Hypotension. Orthostatic hypotension, which may cause falls
among the elderly, is a common side effect associated with several commonly
prescribed drugs, including antidepressants, major tranquilizers, diuretics,
antihyperternsive agents, and a variety of cardiovascular medications. This
problem may be worsened by reduced thirst sensation, diminished fluid
replacement, or excessive fluid loss as may occur with use of antidepres-
sants, major tranquilizers, and diuretics. Muscle cramping or myalgias may
be caused by electrolyte disturbances from diuretics.

B. p-Blockers. f-Blockers may reduce exercise tolerance by decreasing cardiac
output and resting rate, and blunt the increase in heart rate (HR) during
exercise. This class of drugs may also impair glucose uptake by exercising
muscle. This potentially limits availability of substrate for aerobic metabo-
lism resulting in lactic acid production and muscle soreness. Any of these
adverse side effects may make it difficult to maintain an exercise regimen.

C. General Guidelines for Medication Use. In general, medication use by the
elderly should be minimized. When medications are required, a low initial
dose should be used and small incremental adjustments made when needed.
Certain classes of drugs should be avoided. For instance, the psychotropic
drugs may alter further the already impaired thermoregulatory functions of
the elderly, increasing the likelihood of hyperthermia and dehydration.
Finally, the entire drug regimen should be periodically reassessed.

Coronary Artery Disease

Coronary artery disease is one of the most prevalent chronic illnesses in the
elderly. Unfortunately, coronary disease can develop even among habitual exer-
cisers. Those with heart disease or those who plan to exercise vigorously should
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undergo periodic gxercise tolerance tests to monitor performance and to guide
gafe levels of exertion. Asymptomatic persons whose exercise regimen will be low
intensity do not need stress testing. Those individuals with heart disease should
be instructed in common symptoms of exercise intolerance. Antianginal therapy
should be monitored carefully. Keep in mind that p-blockers can present some
problems in active people. (See Chapter 26)

. Chronic Lung Disease

Many elderly patients have chronic obstructive pulmonary disease (COPD),
which causes marked decrease in exercise endurance. Irritants, such as ciga-
rette smoke or environmental pollutants, cause production of excess mucus and
loss of elasticity in the alveoli. Exercise capacity is limited in COPD patients,
gecondary to decreased respiratory reserve, but exercise can improve overall
conditioning and prevent further deterioration. It can improve diaphragmatic
breathing and reduce reliance on the accessory muscles. Pretreatment with
bronchodilators, inhaled steroids or cromolyn sulfate, and use of supplemental
oxygen will enhance the individual’s exercise tolerance.

Arthritis .
Osteoarthritia should no longer be considered an inevitable consequence of

aging. It should be considered as related to aging and not an effect of aging. The

common perception that osteoarthritis is caused by aging derives from the obser-

vation that many elderly are afflicted with osteoarthritis. Osteoarthritis is a

multifactorial condition which may be caused by the interaction of weight,

hereditary factors, congenital abnormalities, gender (women generally are
affected earlier in life), bone density, hyperuricemia, altered joint alignment,

and trauma. . .

A. General Considerations. Exercise can be prescribed as a treatment for
osteoarthritis because it is associated with weight reduction, improved mus-
cle tone, and reduced atrophy, increased flexibility, and improved biome-
chanics. A person who has arthritis should focus on exercises that are
tolerated well. These are generally low-impact, low-intensity activities
which emphasize flexibility and strength. Aquatic exercise is becoming more
popular because the buoyancy of the body in water places less stress on the
jointe. ‘There are many different types of exercise machines available for
home use or at heg]th clubs. Many strength machines have limits which
allow the person with arthritis to perform strengthening exercises within a
comfortable ROM. Exercise machines, however, may place stress across
joints. For instance, the popular cross-country ski machines, while easier on
the knees, feet, and.ankles. may place more stress on the hips or low back.
Table 22-4 summarizes the potential for joint stress associated with some
popular exercise devices.

B. Acute Arthritis. When acute inflammation is present, exercise involving the
affected joint can be detrimental. During an acute flair of arthritis, the joint
should be protqcted by using splints. Once the acute phase has resolved, ini-
tial rehabilitation should emphasize improving ROM, and increase strength
later.

Table 22-4. Exercise equipment and the stress across selected joints

Equipment Hip Knee Ankle Shoulder Spine
Bicycle ++ ++ + - +
Rowing machine - - - -+ -
Cross-country ski + * + + +
Step machine ++ ++ ++ + +
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Vii. Master's Athletes

A. Common injuries in this group are similar to those that occur in younger
athletes, such as overuse syndromes (although compounded by concomitant
arthritis), sprains and strains. Age-associated loss of water in the cartilage
can precipitate cartilaginous injuries.

B. Management of most injuries is similar to that for younger athletes, with rel-
ative rest, ice, compression, and elevation as the foundation. The healing
rate is more variable among the elderly, but is generally slower than that of
younger athletes. It is interesting that master’s athletes tend to be retired
and thus have more time to spend on rehabilitation. Because they are usu-
ally highly motivated, their recovery is facilitated.

VHl. Summary

The elderly present a number of challenges; the most important centers on the
declining functional capacity associated with aging. The degree to which these
changes are related to the interactions among aging, disease, illness, injury,
lifestyle, genetics, and other variables remains unclear. However, it is evident
that a well-designed exercise program of low to moderate intensity may be the
single most cost-effective means of maintaining function. The exercise program
must be goal oriented and consistent with the person’s goals, but it must be indi-
vidualized to account for existing impairments. No matter what their functional
capacity, the elderly present some unique considerations. The primary emphasis
of any regimen should be on quality-of-life issues, such as improving flexibility,
strength, and mobility.
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23. THE ATHLETE WITH A DISABILITY

Brian C. Halpern and Dennis A. Cardone

Athletes with disabilities participate in sports and represent a rapidly growing popu-
lation of sports enthusiasts. This growth is fueled by recent federal legislation man-
dating equal access and equal opportunity for persons with disabilities, including
access to physical education and sports, as well as extraordinary accomplishments of
disabled athletes. Sports participation is valuable for the disabled for the same rea-
sons as for the able-bodied: health benefits, enjoyment, and the satisfaction derived
from participation and competition.

The Americans with Disabilities Act defines a person with a “disability” as an indi-
vidual who has a physical or mental impairment that substantially limits one or more
of his or her major life activities. Types of disabilities include cerebral palsy, blind-
ness, deafness, paralysis, mental retardation, and amputation. Others include ath-
letes with locomotor disabilities such as arthritis, muscular dystrophy, and multiple
sclerosis. More than 3 million athletes with physical and mental disabilities are
involved annually in athletic competitions in the United States; an even greater num-
ber are involved in recreational and leisure sports. Approximately 8% of Americans
between the age of 16 to 64 have some type of mobility limitation.

Psychological benefits of sports and exercise for the disabled include an improve-
ment of mood state and perceived health, a reduction of anxiety and depression, and
an increase of self-esteem and satisfaction. Sports allow the participant to be part of
a team, develop skills, meet new challenges, and achieve goals.

The Special Olympics and the Paralympic Games provide organized sports events
for disabled athletes. The Special Olympics promote exercise and participation in
sports for mentally retarded individuals 8 years of age and older. Competitions are
arranged on local, state, and international levels. The Paralympic Games provide
competitions for athletes with physical disabilities. They are held every Olympic
year, usually in the same country hosting the Olympic Games.

1. The Preparticipation Physical Examination (PPPE)
Physicians should be aware of common problems associated with different dis-
abilities and be able to diagnose abnormalities that may endanger the athlete.
They should provide support, encourage physical activity and healthy lifestyle,
and recognize the special needs of disabled athletes.

The PPPE has traditionally been performed annually. The Special Olympics
require athletes to be medically cleared before participating in Special Olympics
events. The “station method” of examination should be avoided because of the
decreased mobility of some athletes with a disability. The PPPE should be per-
formed by physicians who have provided longitudinal care and know the base-
line status of the athlete.

A. History. The history should include a detailed summary of previous injuries
and illnesses, risk factors for injuries and illnesses, and current medications.
Does the athlete have a history of seizures? Cardiopulmonary disease? Renal
disease? Atlantoaxial instability (in athletes with Down's syndrome)? Has
the athlete had previous heat stroke or heat exhaustion? Fractures or dislo-
cations? What prosthetic devices or special equipment does the athlete use
during sports participation? At what levels of competition has the athlete
previously participated? In certain cases the history may need to be obtained
from a family member or other person familiar with the athlete.

B. Physical Examination. This should include blood pressure, visual acuity,
and complete cardiovascular, musculoskeletal, and neurological examina-
tions.

C. Tests. Laboratory tests and radiographs are usually not necessary but must
be considered on an individual basis. Screening cervical radiographs in ath-
letes with Down’s syndrome ie discussed in a later section.
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Il. Wheelchair Athistes

A. Classification. The classification of wheelchair athletes is by severity of
disability. In the United States there are two commonly used classification
systems: those of the National Wheelchair Athletic Association (NWAA) and
the National Wheelchair Basketball Association (NWBA). These are based
on the level of spinal injury and the extent of injury. They provide for com-
petition between athletes with a similar degree of disability.

B. Exercise Physiology. Wheelchair athletes depend upon their upper bodies
for exercise and exhibit physiologic responses different from that of able-
bodied athletes.

1. Aerobic and Anaerobic Capacity. With proper training, wheelchair
athletes can improve their maximal aerobic capacity. Maximal oxygen
uptake (Vogmax) has been shown to increase with activity levels and train-
ing. Differences in peak power output and aerobic power exist across
classes of wheelchair athletes. Those with lower spinal cord lesions and
more available functional muscle mass have more peak power output
and aerobic power during exhaustive exercise.

2. Cardiovascular response to exercise. In wheelchair athletes, car-
diac output (CO) is reduced 10% to 25% and stroke volume is 15% to 30%
lower than in able-bodied athletes performing similar upper body exer-
cise. In wheelchair athletes, multiple factors may affect the physiologic
limit of the upper body’s peak aerobic power and cardiac response.

a. Hypokinetic Circulation. Below the level of the spinal cord lesion
there is no active muscle pumping, which leads to venous pooling.
Venous return of blood flow to the heart and cardiac output are
reduced during exercise as compared with able-bodied individuals.

b. Disrupted Autonomic Reflexes. Reduced sympathetic nerve out-
flow in spinal cord injured athletes reduces maximal cardiac output.
Quadriplegics have a significantly lower maximal heart rate com-
pared with paraplegics and able-bodied persons. Maximal heart
rates for paraplegics and able-bodied persons are similar.

¢. Thermoregulatory Dysfunction. In athletes with spinal cord
injuries, a lack of neural control of skin blood flow leads to increased
blood collecting in the skin to compensate for heat loss during.exer-
cise. This increased skin blood volume results in decreased stroke
volume during prolonged physical activity.

3. Pulmonnry Function. Tidal Volume (TV), forced expiratory volume
in 1 sec (FEV,), and forced vital capacity (FVC) are slightly lower in
paraplegic athletes than able-bodied athletes. Quadriplegics have sig-
nificantly lower values than both groups for all pulmonary function
variables except FEV/FVC.

4. Mechanical Efficiency. Wheelchair athletes require a greater energy
output than cyclists. The muscles of the upper body are much less effi-
cient than the muscles of the lower limb. For example, the efficiency of a
cycle ergometer, arm crank ergometer, and wheelchair ergometer are
23%, 18%, and 8%, respectively.

C. Injuries. Wheelchair athletes are involved in a range of recreational and
competitive sports. The five highest-injury risk sports for wheelchair ath-
letes, in descending order of risk, are track, basketball, road racing, tennis,
and field events. Most injuries in wheelchair athletes are minor. The upper
extremity, particularly the shoulder and wrist, is most frequently involved,
followed by the lower extremity and then the head and spine. The types of
injuries found in a year-long survey of elite wheelchair athletes were strains
(48%), abrasions (22%), contusions (10%), blisters (6%), fractures (6%),
sprains (4%), lacerations (2%), and illnesses (2%).

The most common mechanisms of injury are overuse and falls from either
direct impact with another chair or other objects. Wheelchair athletes have
the same types and frequencies of injuries as able-bodied athletes. How-
ever, recovery time as a result of injury is greater for disabled athletes.
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Explainations include a delayed healing process associated with the spinal
cord injury or a more conservative rehabilitation program.

1. Skin Injuries

a. Abrasions/Lacerations. These are most commonly seen on the
upper extremities as a result of contact with other chairs, wheelchair
brakes, or sharp edges of the wheelchair.

(1) Prevention. Filing off sharp edges from the chair, wearing pro-
tective pads or clothing, and cambering wheels, especially for
sports like basketball.

b. Blisters. Blisters of the fingers and hands are quite common and are
caused by friction, shear, and irritation from repeated contact with
the wheelchair push rim. Blisters may also form on the skin of the
back due to friction with the seat posts.

(1) Prevention. Taping of the hands and fingers or protective
gloves prevent blister formation of the fingers and hands. Using
padded seat posts and wearing dry shirts help prevent blister
formation on the back.

(2) Treatment. The blister may be drained with a sterile needle.
The roof of the blister is preserved to act as a barrier to infection
and trauma. Petroleum jelly and a tape or gauze dressing can
prevent further irritation.

c. Pressure Sores. Pressure sores are primarily a problem of athletes
with spinal cord injuries. These athletes have elevated skin pres-
sures over the sacrum and ischial tuberosities for extended periods
during training, competition, and normal daily activity. Sports
wheelchairs are designed with the knees being higher than the but-
tocks, resulting in increased pressure over the sacrum and ischial
tuberosities. The triad of pressure, shear, and moisture during
sports participation leads to pressure sore formation.

(1) Prevention. Preventive measures include adequate cushioning
padding for the buttocks and other bony prominences, frequent
pressure relief, good nutrition and hygiene, and wearing clothing
that absorbs moisture and decreases friction. Frequent skin
checks need to be made by coaches, trainers, and medical staff.

(2) Treatment. Wheelchair athletes should not compete with open
pressure sores. Training should be modified to prevent addi-
tional pressure damage and to allow healing. Local wound care
includes relief of pressure at the site and occlusive dressings.

2. Soft Tissue Injuries. Wheelchair athletes have an increased incidence
of soft tissue injuries of the upper extremity. Injuries include strains,
sprains, bursitis, and tendinitis.

a. Etiology. Soft tissue injuries are usually the result of overuse,
improper training technique, or direct trauma.

(1) Muscle-Tendon Imbalance. Wheelchair athletes predomi-
nantly use the extensor muscle groups of the upper extremity in
wheelchair locomotion. These muscles increase in strength and
size disproportionately to opposing groups. The result is muscle
imbalance and decreased flexibility.

(2) Improper Push Technique. Results in overuse syndromes of
the wrist and elbow and acute sprains and strains of the soft tis-
sue around these joints.

(3) Contact with the Wheelchair Push Rim or Tire. This can
result in sprains of the interphalangeal joints and the metacar-
pophalangeasl joint of the thumb. The hands also are subject to
direct trauma resulting from wheelchair collisions.

(4) Altered Body Mechanics. Wheelchair athletes compensate for
their disabilities by altering normal body mechanics. This causes
unusual stress to joints, tendons, and muscles.
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b. Prevention. Preventive measures include routine stretching with a
warm-up and cool-down period for each workout, a slowly progres-
sive strengthening and conditioning program, preventive taping and
gloves, and proper technique. Competitors, coaching staff, and med-
ical personnel should be educated as to the unique problems encoun-
tered by wheelchair athletes.

c. Treatment. The treatment of soft tissue injuries in wheelchair
athletes involves the same principles and practices as in able-bodied
athletes.

3. Rotator-Cuff Impingement Syndrome. Wheelchair athletes place
constant demand on their shoulders for propulsion and weight bearing.
This leads to a high incidence of shoulder injuries, especially rotator-cuff
impingement syndrome.

a. Etiologies
(1) Muscle Imbalance. As compared with able-bodied athletes,

wheelchair athletes have a significantly higher ratio of shoulder
abduction to adduction strength. The ratio becomes even greater
in wheelchair athletes with impingement syndrome. This imbal-
ance allows the humeral head to migrate cephalad, causing
impingement in the acromiohumeral space. Weak scapulotho-
racic stabilizers can also contribute to the problem.

(2) Chronie Overuse. Training and activities of daily living lead to
overuse syndromes. Wheelchair-dependent individuals repeti-
tively load their shoulders in the weight-bearing, overhead posi-
tion for transferring. Also, because of their low setting in the
wheelchair, many of their daily tasks must be performed in the
overhead impingement positions.

(3) Posture. Many wheelchair athletes maintain a position of shoul-
der internal rotation and scapular protraction during extensive
wheeling activity and while at rest. This can predispose to
impingement.

b. Diagnosis and Evaluation
(1) History and Physical Examination. Patients usually have an

insidious onset of pain, aggravated with overhead movements.

Examination reveals positive impingement signs, weak shoulder -

adductors and internal/external rotators, tenderness over the

coracoacromial ligament, a painful arc, and possible atrophy of
involved muscles.

(2) Shoulder Radiographs. X-rays may show subacromial spurr-
ing, a curved acromion, an enlarged coracoid, subacromial calci-
fication, and a superior migration of the humeral head.

c. Treatment. Strengthening of shoulder adductors, internal/external
rotators and scapulothoracic stabilizers; modification of training pro-
gram and daily activities to minimize shoulder impingement posi-
tions; posture training; ice; nonsteroidal anti-inflammatory drugs;
corticosteroid injection to subacromial space.

4. Peripheral Nerve Entrapments. Nerve entrapment syndromes of the
upper extremities are seen in more than 20% of wheelchair athletes.

a. Types
(1) Carpal Tunnel Syndrome. This is the most common periph-

eral nerve entrapment of the upper extremity in wheelchair ath-

letes.

(a) Etiology. Wrist extension posturing during wheeling and
transferring, and isometric and isotonic contractions of the
finger flexors that travel within the carpal tunnel result in
increased carpal tunnel pressures. Also, repetitive pressure
from the wheelchair on the volar soft tissues overlying the
carpal tunnel contributes to carpal tunnel syndrome.
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(2) Ulnar Neuropathy. This is most prevalent at the wrist
(Guyon’s canal) and less commonly noted at the distal aspect of
the cubital tunnel (deep forearm flexor pronator aponeurosis).
(a) Etiology. Ulnar neuropathy at Guyon’s canal is due to pro-

longed compressive forces from the wheelchair in this region.
Entrapment of the ulnar nerve at the distal aspect of the
cubital tunnel is caused by the repetitive contractions of the
flexor carpi ulnaris muscle required by a wheelchair athlete,
prolonged elbow flexion, and repetitive pressure on this area
when the forearm rests against the wheelchair arm rest.

5. Thermoregulatory Dysfunction. Thermoregulation in athletes with
spinal cord injuries is impaired because of skeletal muscular paralysis
and a loss of autonomic nervous system control. The higher and more
complete the spinal cord injury, the greater the thermoregulatory
impairment. Individuals with spinal cord injuries have a higher core
temperature in the heat and lower core temperatures in the cold.

a. Hyperthermia. The risk of hyperthermia and its consequences is
great in wheelchair athletes who perform strenuous exercise in a hot
environment. Normal autonomic responses for heat dissipation—
including sweat gland secretion, redistribution of cardiac output,
and vasodilation in cutaneous vessels—are impaired. Also, reduced
skeletal muscle activity of the lower extremities results in decreased
venous return and cardiac output. For the same reasons, dehydra-
tion is a significant problem in wheelchair athletes. Many medica-
tione used for pain, depression, allergy, bladder dysfunction,
hypertension and other disorders can interfere with the normal
sweat response.

(1) Prevention. Minimizing exposure to the heat, planning train-
ing and competition in the early morning or evening hours,
replacement of fluid, acclimatization, use of appropriate clothing,
and use of cooling towels or spraying water over the body sur-
faces to assist with heat convection.

(2) Treatment. See Chapter 11 for evaluation and treatment.

b. Hypothermia. Athletes with spinal cord injuries are also more sus-
ceptible to hypothermia. These athletes have a loss of normal aute-
nomic regulatory responses to cold, an impaired circulation because
of reduced skeletal muscle activity, and an inability to shiver. They
may also fail to recognize early signs of hypothermia, like cold
extremities, because of lack of sensation below the level of the neuro-
logical lesion. Certain medications and medical conditions can also
predispose the athlete to problems with temperature regulation in
the cold. These athletes can develop hypothermia when exercising in
air temperatures as high as 50°F.

(1) Prevention. This includes use of appropriate clothing, drinking
adequate fluids, replacing wet clothing with dry after training or
competition, and using insulated blankets.

(2) Treatment. See Chapter 12 for evaluation and treatment.

6. Bladder Dysfunction. Athletes with spinal cord injuries or other neu-
rological disorders often have bladder dysfunction or neurogenic blad-
ders. These athletes frequently use indwelling catheters or intermittent
catheterization and are at increased risk of infection. Preventive mea-
sures include adequate hydration, ensuring regular bladder emptying,
and using proper antiseptic techniques with catheters.

7. Autonomic Hyperreflexia. This is an acute generalized sympathetic
hyperactivity response seen in athletes with spinal cord injuries with
lesions above the midthoracic level. Precipitating circumstance include
bladder distention, catheterization, urinary tract infection, bowel or
bladder obstruction, exposure to cold or hot temperatures, pressure
sores, sunburn, and thrombophlebitis. The classic syndrome of auto-
nomic hyperreflexia is characterized by paroxysmal hypertension, anxi-
ety, sweating, headache, and bradycardia. Treatment involves removing
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the athlete from physical activity, monitoring blood pressure, emptying
bowel and bladder, and immediate transfer to a medical facility.

. Down Syndrome

Musculoskeletal disorders are present in individuals with Down syndrome.
Ligamentous laxity and hypermobility are prominent features. There is a high
incidence of patellar instability, pes planus, metatarsus primus varus, scoliosis,
hip dysplasia, and increased atlantoaxial mobility. Congenital cardiac disorders
including heart murmurs, ventricular septal defects, and endocardial cushion
defects are seen in 40% to 60% of Down syndrome patients. These muscu-
loskeletal and cardiac abnormalities should be screened for in the preparticipa-
tion evaluation.

A. Cervical Spine Abnormalities. Structural abnormalities of the cervical
spine are seen more commonly in people with Down syndrome. However, it
ia rare for these abnormalities to be a source of disability or death.

1. Atlantoaxial Instability. Approximately 15% of children with Down
syndrome have atlantoaxial instability. Serious injury can result if the
neck is forcibly flexed or axially loaded, causing the vertebrae to shift or
compress the spinal cord. There is not, however, an increased incidence
of serious cervical spine injuries in athletes with Down syndrome as
compared with other athletic populations. Atlantoaxial instability is
directly related to the magnitude of laxity of the transverse ligament of
the atlas. A very small number of children with Down syndrome do
develop signs and symptoms of cervical cord myelopathy. These children
are typically girls, less than 10 years old, with significant ligamentous
laxity and chronic signs and symptoms of cervical cord myelopathy prior
to any catastrophic dislocation of C1-C2. Acute atlantoaxial slippage is
exceedingly rare.

a. Diagnosis and Evaluation

(1) History is often difficult to obtain because the patient’s complaints
are frequently misunderstood or dismissed. Patients may be
asymptomatic or may complain of neck pain, limited neck mobility,
numbness, weakness, or paresthesias in the upper extremities.

(2) Physical examination must include a complete neurological
evaluation. The neurological manifestations of symptomatic
atlantoaxial instability include easy fatigability, abnormal gait,
limited neck range of motion, torticollis or head tilt, incoordina-
tion and clumsiness, sensory deficits, spasticity, hyperreflexia,
clonus, and other upper motor neuron and posterior column
signs and symptoms.

(3) Radiographs of the cervical spine, including lateral views in neu-
tral, flexion, and extension, must be done. In some cases MRI or
CT scan may be necessary. The atlantodens interval is a space
between the odontoid process of the axis and the anterior arch of
the atlas. Normal for a preadolescent child is up to 4.5-5.0 mil-
limeters. An atlantodens interval greater than this is significant
for atlantoaxial instability

b. Screening

(1) Preparticipation examination with a complete neurological eval-
uation.

(2) Radiographs. Uncertainty exists concerning the value of cervical
spine radiographs in screening for possible catastrophic neck
injury in athletes with Down syndrome. The American Academy
of Pediatrics recently retired their 1984 policy statement that rec-
ommended: obtaining lateral neck radiographs in athletes with
Down syndrome before participating in the Special Olympics; and
restricting certain activities in individuals with radiographic
evidence of instability. Further research needs to be done before
more definitive recommendations can be made. If screening
radiographs are performed and are normal, it is not necessary to
routinely repeat the screening, unless required to do so for parti-
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B.

C.

cipation in an athletic event. If the initial films are abnormal, fol-

low up radiographs should be performed every two to three years.

¢. Participation. Patients with atlantoaxial instability have been pro-

hibited from participating in sports that place excessive preasure on

the head or neck muscles. These sports include gymnastics, diving,

tumbling, high jump, soccer, butterfly stroke, decathlon and horse-

back riding. As more research becomes available these participation
restrictions may be removed.

d. Treatment. Only patients with an increased atlantodens interval
and an accompanying myelopathy require treatment. These patients
will require a posterior atlantoaxial fusion.

2. Other cervical abnormalities seen in people with Down syndrome:

a. Occiput-C1 instability

b. Malformations of the odontoid process

c. Hypoplasia of the posterior arch of C1

d. Spondylolysis and spondylolisthesis of the midcervical vertebrae

e. Early arthritic changes of C4-C6

Hip abnormalities seen in children with Down syndrome include acute
dislocation, habitual dislocation, slipped capital femoral epiphysis, and pro-
gressive subluxation associated with acetabular dysplasia.

Exercise Physiology in Down Syndrome Athletes. Aerobic capacity has
been demonstrated to be substantially lower in individuals with mental
retardation than in those without mental retardation. However, with exer-
cise training, individuals with mental retardation but without Down syn-
drome can significantly improve their aerobic capacity. Down syndrome
athletes have not shown the same increase in aerobic capacity. This may in
part be explained by a physiologic limitation related to a reduction in sym-
pathetic response. Exercise testing of Down syndrome athletes shows lower
maximal heart rates, lower maximal values of catecholamines, lower post-
exercise blood lactate levels and lower maximal oxygen uptake values
(Voomas) @8 compared with individuals without Down syndrome.

IV. Cerebral Palsy (CP)

CP is a neuromuscular condition with muscular involvement ranging from
severe spasticity and disability to slight speech impairment. The most prevalent
form of CP is spastic diplegia, characterized by motor incoordination primarily
in the lower extremities. Spastic syndromes represent approximately 70% of
cases. One-half of all CP athletes compete in wheelchairs, and about half are
ambulatory. In addition to movement disorders, athletes with CP may have
other associated disorders including perceptual motor problems, learning dis-
abilities, seizures, visual dysfunction, deafness, and mental retardation.

A

Exercise Physiology. CP athletes have lower aerobic capacity (Vozmax):
equivalent blood lactate concentrations, reduced mechanical efficiency,
higher energy requirements, similar maximal heart rates, and similar car-
dio-respiratory responses as compared with able-bodied athletes. An
increased displacement of the center of gravity caused by poor motor control,
decreased range of motion, and loss of balance is partly responsible for the
reduced mechanical efficiency and increased energy requirements.

. Musculoskeletal. CP athletes with spasticity have increased muscle tone,

a loss of selective muscle control, and a muscle imbalance across the joints,
especially of the lower extremities. This creates excessive stress on the mus-
culotendinous units and joints. These athletes are at increased risk for
strains, sprains, and overuse syndromes.

1. Patellofemoral pain is common and frequently leads to chondromala-
cia in CP athletes. Progressive tightening of the hamstrings and quadri-
ceps muscles leads to a shortened stride length and increased forces
across the patellofemoral joint. The condition is more resistant to treat-
ment than in able-bodied athletes. Chronic proximal patellar tendinitis
is also common because of the tension on the quadriceps mechanism.
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2. Hip abnormalities are common. Muscle tightness and imbalances
across the hip can lead to the development of coxa valga and acetabular
dysplasia. In more severe cases, hip subluxation and dislocation occur.
The CP athlete may initially present with hip pain when running or
Jjumping.

3. Stress fractures, especially of the lower extremities, may develop
because of muscle and stress imbalances, and inappropriate training.
They are more likely to occur at sites proximal to a brace or prosthesis.

4. Ankle and foot deformities seen in patients with CP include equinus
deformity, equinovarus deformity, and valgus deformity. Frequently,
these require surgical repair or bracing. If left untreated, metatarsalgia,
ankle instability, callosities, and pressure sores may result.

6. Prevention of musculoskeletal injuries includes an aggressive
stretching program, a warm-up and cool-down period for each workout,
strength training programs, adaptive equipment, well-fitting and func-
tioning braces when needed, and educating athletes, coaching staff, and
medical staff to the unique problems encountered by athletes with CP.

C. Coordination and Balance. CP athletes frequently have inadequate
motor control and lack of coordination and balance. Hand-to-eye coordina-
tion is impaired. Catching, throwing, and controlling necessary equipment
such as racquets, bats, and golf clubs are difficult. A variety of ball games
can contribute to improvements in coordination. Protective gear, such as hel-
mets for athletes with impaired balance, should be used when appropriate.

. Injury and lliness survelllance of an around-the-world bicycle ride

for disabled athletes.

Disabilities seen in these athletes included spinal cord injuries, cerebral palsy,
limb amputation, mental retardation, hearing and vision impairment and mus-
cular dystrophy. Physicians covered the entire ride and recorded injury data.
The injuries and illnesses reported in order of frequency were as follows:

High: Moderate: Low:

Abrasions Tinea cruria/pedis Lacerations

Pressure sores Bronchitis Urinary tract infections

Gastroenteritis Contusions Sunburn

Strains/sprains Muscle spasms Fractures

Tendinitis/Bursitis Hemorrhoids

Upper respiratory’ Dehydration

infection ‘Concussion

Hyperthermia/Hypothermia
Exercise-induced bronchospasm
Allergic rhinitis
Contact dermatitis

Conjunctival irritation
Callosities/blisters
Cellulitis

Other Disabllities

A. Deafness. Communication is the primary problem for deaf athletes. Colored
lights, light dimmers, touch, and hand signals facilitate sports participation.
In some cases the vestibular apparatus is involved, affecting balance and
coordination. Activities requiring sharp turns, spins, cuts, or balance can be
difficult.

B. Visual Impairment. There is a broad spectrum of vision impairment. Some
athletes are completely blind, while others may perceive light, dark, and
shadows. The International Blind Sports Association (IBSA) utilizes func-
tional classifications based upon usable vision. A wide range of sports activ-
ities are available to the blind athlete, utilizing companions, clap sticks,
beeping balls, and guide rails.
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C. Limb Amputation. These athletes compete with various assistive devices,
orthoses, and prostheses. Team physicians need to be aware of regulations
concerning their use in different sports. In track events, for example, pros-
theses are permitted while crutches and canes are prohibited.

1. Low Back Pain. Lower extremity amputee athletes often develop low
back pain. Excessive lumbar spine lateral flexion and extension com-
pensate for the lack of lower extremity joint flexion at prosthetic sites.
This results in an imbalance in back musculature and a functional sco-
liogis. Specific muscle stretching and strengthening programs are pre-
ventative and therapeutic.

2. Skin Trauma. Prostheses can cause skin breakdown, abrasions, blis-
tering, and skin rashes. Prevention includes adjustment of prosthetic fit
and alignment and protective pads.

3. Bursitis. Amputees may develop bursitis as a result of socket irritation.
Common sites include the prepatellar, infrapatellar, or pretibial bursae
in below-knee amputees and the ischial and trochanteric bursae in
above-knee amputees. Treatment involves modifying the prosthesis.

4. Knee Injuries. Hyperextension knee injuries can result from the body’s
forward momentum moving over a fixed prosthesis and residual limb.

5. Impact Injuries. For example, bruising over bony prominences, can
result from forces transmitted through the prosthesis to the residual
limb.

6. Injuries to the Sound Limb. Amputee runners place unusual
stresses, including added weight, on the sound limb. Injuries include
plantar fasciitis, stress fractures, and overpronation of the foot. Altered
hip flexion leads to chronic hamstring injuries in both lower extremities.

D. The Athlete with Multiple Sclerosis (MS). MS is a progressive demyeli-
nating disease that affects approximately 300,000 Americans. Physical
symptoms range in severity and include ataxia, muscular weakness, fatigue,
spasticity, sensory dysfunction, and hypersensitivity to temperature
increases. Muscle performance and aerobic capacity can improve with exer-
cise training and are influenced by the level of neurological impairment.

E. Other disabilities in athletes can include organ transplants as well as neuro-
logical, musculoskeletal, respiratory, cardiovascular, reproductive, di-
gestive, genitourinary, hematologic and lymphatic, skin, endocrine,
psychological, and learning disorders.
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24. INFECTIONS IN ATHLETES

Thomas L. Sevier and Matthew B. Roush

Infection and Exercise

The relationship between infection and exercise has been a misunderstood area of
sports medicine. Because of this confusion, many erroneous assumptions are reported
as fact by coaches, players, and medical personnel. One of these assumptions is that
exercise prevents acute infections. There are no conclusive studies to indicate that
exercise prevents infections. There is a paucity of research in this area. In fact,
several studies support the contention that severe exertion can place an athlete at
increased risk for an infection. It is well established that various measures of physi-
cal performance are reduced during an infectious episode. A mild common cold has
shown a decrease in athletic performance and function. Even exercise-related sudden
death, due to myocarditis, has been reported. This chapter focuses on common infec-
tions encountered in the care of athletes.-Practical approaches and strategies for
treatment are covered. Return-to-play considerations, ways to minimize an athlete’s
risk of exposure, as well as ways to prevent the spread of disease are emphasized
based on current knowledge.

Infectious Mononucleosis

Infectious mononucleosis (IM) is most frequently caused by the Epstein-Barr virus
(EBV). It is estimated that between 1% and 3% of college athletes and 1% and 2% of
high school athletes are infected by EBV per year. The effects of the virus can last
from 2 to 8 weeks. Although the athlete appears to recover more quickly than the
nonathlete infected with IM, the athlete may not be able to compete or return to a
preillness level of fitness for as long as 3 months.

EBV is transmitted through oral secretions; following the acute infection, it is
excreted in the saliva continuously or intermittently for months. IM most often
occurs between the ages of 15 and 25, with 25% to 50% of these infected individuals
developing the classic syndrome. The incubation period for primary EBV infection is
about 30 to 45 days.

History / Physical Examination

The prodromal period tends to last 3 to 5 days, with symptoms of headache, fatigue,
anorexia, malaise, and myalgias. In the following 56- to 15-day period, the clinical
manifestations include moderate to severe sore throat, with tonsillar enlargement,
moderate fever, enlarged tender posterior cervical lymph nodes with lymphadenopa-
thy often generalized, petechiae on the soft palate, and a palpable enlarged spleen by
the second week in 50% to 70% of patients. Hepatomegaly occurs in about 35% of
cases; less than 15% present with clinical jaundice.

Diagnostic Tests

Hematologic abnormalities most often noted are modest leukocytosis (10,000 to
20,000 mm?®) during the first week of the illness, lymphocytosis with many atypical
lymphocytes (10% to 20% of all leukocytes, greater than 1,000/mm?). A mild reduction
in platelet count (<140,000/mm?) is present in about 50% of patients. By the second
week of illness, about 85% of patients with IM show abnormalities in liver function
tests that reflect mild hepatitis. By the fourth to fifth week, hematologic and liver
function tests return to normal.

EBYV can be confirmed serologically with a rapid slide test, such as the Monospot
(Ortho Diagnostic Systems, Raritan, NJ). It is extremely sensitive for detection of
EBV-induced IM, but repeat testing may be needed because only 60% of patients will
have abnormal tests by the second week of illness. This test is also not very sensitive
in children younger than 5 years of age. If the heterophil test is negative, confirma-
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tion of IM requires an EBV-specific antibody study. The cytomegalovirus (CMV) and
Toxoplasma gondii are also causes of heterophil-negative IM.

Natural History [ Prevention
Life-threatening complications of IM are rare. The most serious include splenic rupture
and airway obstruction. The prevalence of splenic rupture is less than 0.2%. Nearly all
ruptures occur between day 4 and 21 of symptomatic illness. Most ruptures do not occur
during athletic participation but rather during daily activities. Pain from splenic rup-
ture begins suddenly in the left upper quadrant of the abdomen, is usually worse with
inspiration, and may radiate toward the left shoulder (Kehr's sign). These symptoms
may be followed by generalized abdominal pain and shock. Ultrasound and computed
tomography (CT) are useful in diagnesing both splenomegaly and splenic rupture.
Airway obstruction due to massive enlargement of tonsile and adenoids has
occurred and may require emergency nasotracheal intubation. Other complications
include streptococcal pharyngitis, which occurs 5% to 30% of the time, and Guillain-
Barré syndrome, which occurs in less than 1% of patients. Very rare complications
include pneumonitis, autoimmune hemolytic anemia, severe thrombocytopenia or
granulocytopenia, myocarditis, and pericarditis.

Treatment Options

Treatment for IM is supportive for the most part, consisting of rest, fluids, and anal-
gesics. Acetaminophen is recommended for fever, headache, and muscle pain, along
with lozenges, or viscous lidocaine for sore throat. Occasionally codeine is prescribed
for refractory pain. Stool softeners should be used when codeine is being taken or
when splenomegaly is present in order to decrease constipation and associated
straining with defecation, which could lead to splenic rupture. Corticosteroid therapy
is recommended in those patients with severe complications, such as airway obstruc-
tion or autoimmune conditions.

Return to Play

The patient-athlete, the coach, and the trainer are likely to be concerned about the
length of time this disease will prevent participation in training and competition. In
the initial stages, when fever, pharyngitis, lymphadenopathy, and fatigue are pre-
sent, even the most committed athlete will not feel like exercising strenuously. There
is no need for prolonged bed rest, which can cause deconditioning and possibly slow
recovery. The most important consideration in determining when return to play is
permitted is the possibility of splenic rupture. Because rupture usually occurs during
the second or third week of illness, athletes should be restricted until at least after
the third week of illness. On initial physical examination as well as during weekly fol-
low-up examination, the spleen's size should be noted. After the third week, when
permission for return to play is being considered, noninvasive imaging, such as ultra-
sound or CT scanning, provides a highly accurate means of determining spleen size
and should be considered. If splenomegaly is present, the athlete should be held out
of activity and repeat imaging should be performed in 1 week. Resumption of train-
ing may be permitted when the athlete is asymptomatic, splenomegaly is absent, and
all laboratory tests have normalized. Non-contact training such as jogging, swim-
ming, or cycling at about 50% of maximum if tolerated for 1 week can be followed by
gradual resumption of full activity.

Sexually Transmitted Diseases
Gonorrhea, caused by the gram-negative cocci Neisseria gonorrhoeae, can cause ure-
thritis, cervicitis, bartholinitis, proctitis, pharyngitis, salpingitis, epididymitis, and
conjunctivitis. While 10% to 50% of gonococcal infections in men cause few or no symp-
toms, gonorrhea usually presents in men as purulent urethral discharge and dysuria,
occasionally as testicular pain, or, in chronic cases, with a urethral stricture. The phys-
ical examination reveals a tender red urethral orifice, penis, and spermatic cord.

In women, pelvic inflammatory disease (PID) presents as fever, lower abdominal
pain and tenderness, and sometimes metomenorrhagia or dysmenorrhea. This can
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Table 24-1. Treatment options:

Medicine Type of Syphilis

Benzathine penicillin G, 2.4 million units i.m. Primary, secondary, and latent
Henzathine penicillin G, 2.4 million units i.m. Tertiary

per week for 3 weeks '
P’rocaine penicillin G 2 to 4 million units with Neurosyphilis

probenecid, 500 mg p.o. q.i.d. for 15 days,
or Penicillin VK i.v. q 6 hours for 10 days

Doxycycline 100 mg p.o. b.i.d. for 15 days Alternative for 1, 2, or latent
Erythromycin 500 mg p.o. q. i. d. for 15 days Alternative for 1, 2, or latent
Doxycycline 1000 mg p.o. b.i.d. for 30 days Alternative for tertiary syphilis
Ceftriaxone 1 gi.v. or i. m. per day for 14 days Alternative for neurosyphilis

lnad to chronic pelvic pain and infertility. The physical examination shows a purulent
endocervical discharge, with cervical motion tenderness.

In women, PID caused by Gonorrhea can present as a purulent vaginal discharge,
dysuria, dysparunia, and fever. It is an asymptomatic cervical infection approxi-
mately 20% of the time.

In homosexual men and women who receive rectal intercourse, PID can present as
# purulent to bloody rectal discharge, tenesmus, and rectal burning or itching. It also
cun be an asymptomatic infection in this area.

In bothrsexes, Gonorrhea can present as sore throat and exudative pharyngitis or as
an eye infection with a purulent discharge, conjunctivitis, chemosis, eyelid edema,
and, later, corneal ulcerations. There are also other less common presentations, such
an perihepatitis, arthritis, dermatitis, endocarditis, meningitis, amniotic infection
syndrome, and pneumonia.

Iagnostic Tests

tirnm atain and culture of exudate with Thayer-Martin selective media, which
demonstrates the gram-negative diplococci within the polymorphonuclear leukocytes
(I'MNs). Sensitivity tests confirm the organism’s susceptibility to penicillin and
tetracycline.

Nutural History / Prevention

Nexual exposure to an infected individual is the leading form of transmission. A cor-
ilom can provide partial protection. Avoidance of multiple sexual partners and use of
an intrauterine device (JUD) will also decrease one’s risk. No sexual activity should
lw nllowed until all partners have been tested and treated.

T'reatment Options

\'ncomplicated gonorrheal infections: ceftriaxone (Rocephin) 250 mg i.m. or cefti-
somime 500 mg i.m., followed by doxycycline 100 mg p.o. b.i.d. or tetracycline 500 mg
r o q.id. for 7 days (erythromycin 500 mg q.i.d. for 7 days for pregnant athletes) or
nuthromycin 1 g p.o. (four 250-mg tablets) in 1 dose. Disseminated gonoccoccal infec-
tionw: ceftriaxone 1 g per day i.v. for 7 days followed by cefaclor 500 mg q8h for 4 to
t dayn or cefuroxime axetil 250 mg p.o. b.i.d. for 4 to 6 days or ciprofloxacin 750 mg
¢« h.i.d for 4 to 6 days.

I'rogression of Treatment / Recommended Treatment
ltopent cultures 1 week after treatment is complete. Surveillance of all partners to
auaiire treatment.

Neturn to Play
hepending on the situation, for uncomplicated genital-anal gonorrhea, athletes can
1olurn to play once treatment has been initiated and the athlete is asymptomatic.
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Chlamydial Infection
Some 30% to 50% of college-age men and women have had chlamydial infections, with
asymptomatic presentations occurring more commonly in women than in men.

History [ Physical Examination

Infections due to Chlamydia trachomatis present in males as urethritis, epididymitis,
and proctitis (especially in homoeexual men involved in anal intercourse) and rarely
as Reiter'’s syndrome. In women it presents as cervicitis, urethral syndrome,
bartholinitis, salpingitis or PID, and perihepatitis. Differences in comparison with
gonorrheal infection are that nongonococcal urethritis (NGU) has a longer incubation
period (1 to 3 weeks), lese profuse and more mucoid discharge, and less symptomatic
dysuria.

Chlamydial epididymitis may present with the additional symptoms of pain in the
testicles and spermatic cord and pain upon ejaculation. PID (salpingitis) may be
caused by Chlamydia and generally presents a milder clinical picture than gonor-
rheal salpingitis (lower fever and less pain).

Diagnostic Tests

Antigen detection by monoclonal antibody direct immunofluorescence or enzyme-
linked immunosorbent assay (ELISA) is 90% to 95% sensitive; chlamydial cultures
are 70% to 80% sensitive.

Natural History / Prevention

Sexual exposure to an infected individual is the leading cause of transmission. A con-
dom can provide partial protection from the transmission of the disease. Avoidance of
multiple sexual partners, and use of an IUD will decrease one’s risk of contracting the
disease. No sexual activity should occur until all partners tested and treated.

Treatment Options

Uncomplicated gonorrheal infections: ceftriaxone (Rocephin) 250 mg i.m. or cefti-
zoxime 500 mg i.m. followed by doxycyline 100 mg p.o. b.i.d. or tetracycline 500 mg
p.o. q.i.d. for 7 days (erythromycin 500mg q.i.d. for 7 days for pregnant athletes); or
azithromycin 1 g p.o. (four 250-mg tablets) in one dose.

Progression of Treatment | Recommended Treatment

Testing to assure resolution of the disease is not routine. If the patient remains symp-
tomatic, it is important that all partners be treated to prevent the partners from
passing the disease back and forth.

Return to Play

Depending on the situation, for uncomplicated genital-anal chlamydial infection, the
athlete can return to play once treatment has been initiated and he or she is asymp-
tomatic.

Syphilis

History | Physical Examination

Syphilis, caused by the spirochete Treponema pallidum, occurs in three stages; pri-
mary, secondary, and tertiary. The presentation depends on the stage of the disease.

Primary syphilis is manifest by a nontender papule that erodes into a small (less
than 2 c¢m in diameter) ulcer called a chancre, which has hard edge with a yellow
base. It is usually a solitary lesion but can also occur as multiple lesions. Chancres
are located on the penis, genitalia, or anus. Occasionally the chancre is associated
with regional inguinal lymphadenopathy. These ulcers usually occur 1 to 12 weeks
after exposure. They heal spontaneously between 3 to 6 weeks.

Secondary syphilis occurs in 26% of the affected patients within 2 to 6 weeks. The
rash is a “fresh ham” color, nonpruritic, and located on the hands and/or feet. Moist
flat, pink, peripheral warty lesions——condyloma lata—can occur on the glans, vulva,
or perianal/vulvar areas. Generalized lymphadenopathy, and flu-like symptoms can
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occur with the rash. Rarely nephritis, hepatitis, meningitis, and/or uveitis accompany
this stage of the disease.

Between secondary syphilis and tertiary syphilis, the disease can lie dormant for
years to decades. This is called latent syphilis. The patient in this stage is not infectious
after 1 year. Twenty-five percent may relapse to the secondary stage if not treated.

Tertiary syphilis is identified particularly by lesions of the aorta, central nervous
system, skin, and skeletal structures.

Diagnostic Tests

Venereal Disease Research Laboratory (VDRL) and rapid plasma reagin (RPR) are
non-gpecific treponemal tests. They are used mainly for primary screening of syphilis.
The disease is confirmed with a fluorescent treponemal antibody absorption (FTA-
ABS) test. FTA-ABS test must be done in suspected patients who alse have human
immunodeficiency virus (HIV) infection. Lumbar puncture for cerebrospinal fluid
(CSF) serologies should be done in cases of latent syphilis where penicillin therapy is
planned and whenever neurological symptoms are present.

Natural History / Prevention
Early identification and treatment lead to the reduction of the frequency of this dis-
ease, which first appeared in the United States in the 1970s. Unfortunately, that
trend has reversed itself in the last two decades. It is imperative that the emphasis
be on primary prevention and education through discussions of abstinence, safe sex,
and condom use.

All patients diagnosed with syphilis should be tested every 3 months and then
yearly to assure treatment. Consider testing for other sexually transmitted diseases
(STDs), such as gonorrhea, hepatitis, and HIV infection.

Return to Play
An athlete may return to play once he or she has been treated and is asymptotic.

Herpes Simplex il
Herpes simplex II is the most common cause of genital lesions in the United States.
It occurs most often at ages 18 to 40, which correlates with the largest athletic popu-
lation. The consequences of this disease can be recurrent and permanent.

Herpes simplex I1 is a DNA virus that can cause genital herpes and less commonly
oral and anal herpes.

History | Physical Examination

Herpes simplex II usually appears as acute cervicitis in women and urethritis in men,
with an incubation period of 3 to 5 days. The symptoms start as fever, headache,
malaise, burning genital pain, dysuria, dyspareunia, inguinal adenopathy, and vesi-
cles. The vesicles are usually small and grouped, with a variable border, bright red,
serous, and superficial, lasting about 21 days. The lesions are located on the labia
majora/minora, inner thighs, vaginal mucosa, cervix, or perianal area in women. In
men the lesions are located on the penile glans, penile shaft, urethra, or anus. Rare
complications such as meningitis and herpetic sacroradiculomyelitis can occur.

Diagnostic Tests

Viral tissue culture with a swab of the vesicle fluid is positive for the virus in 90% of
those infected. A Tzanck preparation is only 40% to 50% sensitive. Acute/convales-
cent titers, radicimmmunoassay (RIA), and direct fluorescent assay (DFA) are also
less sensitive than viral cultures.

Natural History [ Prevention
Recurrence of the infection is common. The symptoms are the same as those of the
primary infection except that they are less severe and do not include constitutional
manifestations. The lesions also ¢crust over more quickly—in 7 to 10 days.

Primary prevention should emphasize sexual abstinence and use of condoms/sper-
micide with sexual activity. Secondary prevention includes all of the items.in primary
prevention with the addition of prophylactic acyclovir.
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Treatment Options

Primary episodes can be treated with acyclovir 400 mg 3 times a day for 7 to 10 days.
Some of the newer antiviral medication can be taken with fewer daily doses. Severe
local infections require 56 mg/kg i.v. t.i.d. for 7 days. Recurrent episodes are treated
with 200 mg of acyclovir 5 times a day for 56 days. Chronic suppreasion can be treated
with 400 or 200 mg two or four times a day. Acyclovir 400 mg twice a day reduces the
frequency of herpes recurrences by at least 75% among patients who had had six or
More recurrences a year.

Progression of Treatment /| Recommended Treatment
Outpatient follow-up is advisable to detect the presence of complications.

Return to Play
An athlete may return to play once he or she has been treated and is asymptomatic.

Human immunodeficlency Virus (HIV)

As of 1993 there were between 5 and 10 million cases of HIV infection worldwide with
the number of new cases of HIV infection and acquired immunodeficiency syndrome
(AIDS) continuing to increase. AIDS is the second leading cause of death among U.S.
males between ages 26 and 44. Some cases of HIV and 