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Fracture of the fibula
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Potential sites of tendinitis in the lower leg

For stable lower-leg fractures, such as stress fractures of the
mid-shaft to distal regions of the tibia or fibula, a long
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and protection to allow the athlete to bear weight and
perhaps even train, as long as the athlete remains pain-free
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Ankle fracture

A “walking boot” of the sort often prescribed for persons with
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Fracture of the base of the fifth metatarsal

Sesamoiditis

Healing stress of the second metatarsal

Plantar fasciitis

Contours of the cervical spine on lateral X-ray

Sport Concussion Assessment Tool (sides 1 and 2)

Neck collar

Anchors: The first strips of tape applied above and below
the injury site, to which subsequent strips are attached.
Anchors minimize the traction on the skin

(A) Support strips or stirrups, to restrict unwanted sideways
movement. (B) Horizontal strips/spurs, to add stability to the
joint

Basketweave: Stirrups or spurs in half overlapping layers to
build a pattern

Locking straps: Short circular tapes to cover all exposed skin
and lock down the tape job

Foam padding: To fill in hollows, compress swelling, and
pad sensitive areas

Figure of six: To support and reinforce one side of the ankle,
start as a stirrup, and cross to form a six

Half heel lock: The tape makes a U to lock one side of the
heel. Full heel locks can also be used, which cover both sides
of the heel

Bandage: Used as a compression bandage, as in PRICE

(A) Spica: Thumb spica is repeated figure 8. (B) Check reins:
To restrict range of motion. (C) Lock strips: To secure cut end
of stretch tape so that it does not roll back

Anchors should be placed 5 cm distal to the belly of gastrocnemius

First support should start just proximal to the lateral malleolus
The second support starts proximal to the first support,
creating a “V” with the first support. The third support is in
the center of the first two

(A) Arch support: Start proximal to medial malleolus. (B) Pass
downwards on the lateral aspect of the foot and then pull
tautly to the apex of the medial arch

Apply tape from the plantar and distal aspect of great toe

to the mid portion of the arch. Anchor the tape at the sole and
phalanges of toe

Place a piece of 7.5-cm tape on the lateral aspect of the foot
Use 7.5-cm tape and anchor the tape around the foot and
lower leg

Cut 30-cm strip of 7.5-cm stretch tape, split it into four tails,
10 cm deep
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Wrap the front tails around mid foot, and other two tails above
the Achilles tendon, pulling the foot in plantarflexion. Apply
anchors at the edge

Apply two anchors, one around the foot, another around

the proximal end of the calf

The first strip is applied more laterally or medially on the
proximal anchor to correct valgus or varus. The second strip
superimposes on the first strip on the distal anchor, but
attaches laterally to the proximal anchor, and the third strip
covers the medial half of the first strip. Remaining strips are
applied in the same fashion

Spread the strips apart — no wrinkles

Lock the strips proximally and distally with half circles of tape
For lateral stabilization, apply 2-3 strips from medial to lateral,
attaching to the proximal anchor

Stick heel pad. Place the first strip around the calcaneus at the
level of the Achilles tendon and the second strip passing under
the heel and upwards to the medial aspect

Continue basket weave, each strip should be overlapping with
the others. Apply anchors for fixation

Using 5-cm tape, start proximal to the head of the first
metatarsal, going along the medial border, around the heel,
and across the sole, and finish at the starting point

Repeat the same procedure with the fifth metatarsal

Fill the gaps with stretch tape

Secure edges with 3.75-cm tape, starting from the 5th
metatarsal head around the heel. Put one lock over the
dorsum of the foot

Apply one anchoring strip at the distal aspect of the great

toe and another at the mid-foot

Apply 4-6 strips of tape to form a fan shape from one anchor
to the other

Apply a continuing strip of 5-cm stretch tape as a spika around
the great toe and mid foot

Lay 10-cm tape on the back of the knee, with gauze square

in the popliteal fossa. Split both edges of tape, forming four
tails. Apply tape around the patella superiorly and inferiorly,
interlocking the edges

Cut 45 cm of stretch tape. Apply first strip of 15-20 cm

below knee joint, lateral to posterior midline; direct this

strip over center of medial joint line upwards, above the
patella, over the anterior midline, 15-20 cm above the

joint line
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22.51

Apply second strip in a similar manner, starting anteriorly below
and ending posteriorly above. Apply third strip between first
two strips

Apply anchors around lower leg, leaving 2.5 cm of earlier strips
below it. Fold three supports up and continue anchor around
leg to cover overlap. Fold all three supports down, rotate foot
and hip outward, pull supports up till fully stretched, and apply
in same direction. Now apply upper anchor in similar manner
Put diamond wrap around knee joint for stabilization

Using 7.5-cm stretch tape, begin on lateral aspect of lower leg,
approximately 2.5 cm below patella. Encircle lower leg, going
from lateral to medial to posterior and returning laterally.

Angle tape below patella across medial joint line and spiral

up to anterior portion of anchor at upper thigh

Second strip begins at anterior aspect of proximal anchor,
crossing medial portion of thigh covering popliteal space,
encircles lower leg, and then spirals up again to distal anchor.
Repeat this step second time. Fix proximal anchor after
finishing job

Apply anchor around upper arm and half anchor on thorax.
Apply first strip along longitudinal axis of arm, over AC joint.
Apply two more strips crossing AC in X shape

Apply strips starting from posterior thoracic anchor to anterior
thoracic anchor under tension. Finish by covering edges

Apply two anchors, proximally above belly of biceps, distally

at distal one-third of forearm

Apply five to seven strips from proximal anchor to distal anchor
in hourglass fashion, under tension

Apply second series of anchors over edges

Continuous closure strip of stretch tape is applied in spiral
manner from proximal to distal anchor

Apply three anchors, first one near elbow, second around wrist,
and third around hand

Using 3.75-cm tape, apply four strips on dorsum, from proximal
to hand anchor. Cut 50-cm strip of 3-cm stretch tape; place
palm of hand on center of strip. Radial strip is attached on lateral

epicondyle. Ulnar strip is similarly attached on medial epicondyle.

Lock strips on each anchor

Apply fill-in strips from proximal to wrist anchors

Apply diagonal anchor across hand and two anchors around
mid forearm below muscle bulk

Using 2.5-cm tape, construct check rein (fan on table),
overlapping each strip by half. Apply fan to anchors

Cover anchors
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Place sponge rubber on palmar aspect of wrist; apply anchors
1, 2, and 3, starting 5 cm proximal to radial and ulnar styloid.
Apply tape, so that it conforms to natural angle of hand.
Overlap by repeated strips

Apply anchors around wrist. Apply first of three support strips
from ulnar condyle, covering dorsum of hand and surrounding
thumb. Then, proceed along palmar aspect of hand to end at
ulnar condyle

Repeat procedure three or four times. Finish by covering anchor
Gauze square is placed between fingers. Buddy-tape injured
finger with adjacent finger around middle and proximal
phalanxes

Shoulder immobilizer (AC brace) used for grades I, Il, and

1l ACJ dislocations

Hyperextension elbow support used for hyperextension
ligament injuries, joint instability

Valgus overload hinged elbow brace used to control valgus
stress, ulnar collateral ligament instability

Tennis elbow band used for lateral epicondylitis

Extensor neoprene elbow sleeve used for chronic edema,
medial or lateral epicondylitis, post-elbow arthroscopy,
post-operative inflammatory conditions

Elastic wrist support with thumb loop used for strain, sprain,
and chronic weak wrist

Cock-up wrist support used for carpal tunnel syndrome,
sprain, strain, post-operative rehabilitation

Universal thumby/wrist splint used for sprains, gamekeeper
injuries, collateral ligament support, and avulsion fractures
Patella stabilizers used for patellar subluxation, chondromalacia
patellae, anterior knee pain, patellar instability, and to reduce
chronic edema

Hinged knee braces used for collateral ligaments sprain

or tear

Knee immobilizers used for immobilization following injury
or surgery

Spider kneepad protector used for active sport

Ankle stirrups used for chronic ankle instability, sprain
prevention, ligament instability

Compression ankle support used for plantar fasciitis,

Achilles tendinitis

T2 active ankle support used for inversion support

Malleiloc used for lateral ankle instability, sprain prevention,
post-tibial dysfunction, post-cast, post-surgery
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22.72 Posture corrector used for poor posture, osteoporosis

22.73 Back support used for low-back pain

22.74 Abdominal support and binder used for weak abdominals,
post-surgery, low-back pain

22.75 Rib support used for rib fracture

23.1  Flat feet and high arches

23.2  Qangle

23.3  Femoral anteversion

23.4  Growth cartilage is present at the growth plate, the articular
cartilage, and the apophyses; each of these sites is susceptible
to overuse injury

25.1 Interferential current: Electrotherapy modality requiring direct
set-up and supervision

25.2  RICE treatment: Rest, ice, compression, and elevation

25.3  Closed-kinetic-chain exercise: Distal lower extremity is fixed

25.4  Open-kinetic-chain exercise: Distal upper extremity is free

25.5  Plyometric exercise: Eccentric gastrocnemius—soleus action
prior to concentric action

25.6  Aquatherapy: Using properties of water to facilitate exercise
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FOREWORD

| am very pleased to contribute a message to an editorial initiative as important
as the third edition of the Team Physician Manual.

As President of the International Federation of Sports Medicine (FIMS), and on
behalf of the FIMS Executive Committee and all Standing Commissions, my thanks
and congratulations go to the editors of this excellent resource: Lyle J. Micheli,
Kai-Ming Chan, Walter R. Frontera, Norbert Bachl, Angela D. Smith, and S. Talia
Alenabi.

FIMS focuses on educational initiatives with the objective of promoting continuous
professional development. In fact, this very book has its origins in the FIMS Team
Physician Development Course, which was inaugurated over two decades ago. It
is still used as the textbook for these important courses, which are held regularly
in different parts of the world. In many instances, FIMS provides the only
opportunity for members of the local medical and health community to become
qualified to provide care for local sports teams and events.

All of us at FIMS are very proud of this expanded and enhanced iteration of the
Team Physician Manual, and we trust our vision will continue to be embraced by
the broader sports medicine fraternity throughout the world.

Professor Fabio Pigozzi MD
President, FIMS
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PREFACE

We are very pleased to introduce this third edition of the FIMS Team Physician
Manual to our fellow sports medicine practitioners.

Since the first edition was published in 2001, this text has more than doubled in
size, which reflects the rapid growth of knowledge in our specialty.

The field of sports and exercise medicine encompasses a wide range of disciplines
and interests. Nonetheless, when a physician is in the role of team physician, there
is a defined body of knowledge they must master, whatever their background,
initial training, or present medical practice, in order to best serve the needs of the
athletes under their care. It was the charge of each of our authors to refine
information from their particular field of expertise to emphasize the information
that would be most useful for team physicians.

This text continues to serve as the primary resource for the FIMS Team Physician
Development Course. As such, it is meant to serve as an entry-level curriculum
for team physicians and sports medicine providers.

We now know that many sports medicine practitioners also use this text as a
resource when they are called upon to serve as team physicians at local, regional,
or international competitions.

We have tried to make this third edition as timely and accurate as is possible in
this age of electronic medicine. However, we remind our readers that this is an
introduction to the subject matter. We recommend that team physicians use this
book as a preparation for more advanced training in this subspecialty.

Our primary responsibility as team physicians is the medical welfare of the athletes
in our charge. Happily, there is no conflict between sports safety and sports
performance. A welcome by-product of the efforts of a qualified, responsible team
physician is the enhanced performance of our athletes.
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Better health through sports remains the primary goal of all who participate in the
Olympic movement.

Lyle J. Micheli, Secretary General, FIMS

Fabio Pigozzi, President, FIMS

Kai-Ming Chan, Past President, FIMS

Walter R. Frontera, Past and Honorary President, FIMS
Norbert Bachl, First Vice President, FIMS
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PART I

SPORTS MEDICINE FOR
THE TEAM PHYSICIAN
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THE MODERN-DAY TEAM PHYSICIAN

Roles, responsibilities, and required
qualifications

William D. Stanish, Marcus Van Aarsen,
and Nicholas A. Evans

As the international world of sport grows and evolves, so too does the field
of sports medicine, and with participation rates in sport on the rise there is
an expanding list of countries producing world-class athletes. Modern-day athletes
span age groups like never before, and a significant portion of them are recreational
athletes who expect that their participation in sport will not adversely affect their
day-to-day lives. Consequently, the sports medicine physician continues to play
an increasingly important role in the diagnosis and treatment of athletic injuries,
injury prevention, and maintenance of general health, as well as optimizing
athletic performance through proper training, nutrition, and lifestyle. The health
status of an elite athlete is often of such high profile that there is a great onus on
the team physician to operate at an elite level by managing the interests of patients,
teams, the media, and, unfortunately at times, the legal system.

The modern-day care of athletes requires a broad range of professionals, and as
a result the sports medicine physician has an unprecedented level of responsibility
to oversee the many aspects of care that an athlete may receive, and must have
the ability to communicate effectively in order to ensure optimal outcomes for
patients. Moreover, communication skills are essential for properly informing
coaches, agents, parents, and other interested parties about the health status of
an athlete.

As various sports have dramatically different rules, strategies, cultures, and hazards,
there is a tendency for some physicians to become experts in the coverage of a
specific sport while maintaining proficiency in all areas of sports medicine. This
career path is often fueled by the personal commitment to a team or a sport felt
by a physician, and is a testament to the uniqueness and passion that the world
of sport provides.
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DUTIES OF A TEAM PHYSICIAN

The team physician plays a dynamic role that changes with the time of the season,
the location, and the facilities available. Duties in the early season largely consist
of health and fitness screening, optimizing of training and nutrition, and other
preventative-medicine strategies. The heavy training season requires more
management of sports injuries and a mental focus on maintaining motivation, while
competition necessitates that the team physician handle many different aspects
of athletic care in order to optimize performance and health.

To truly understand their role within each sport, the team physician must possess,
not only a strong medical knowledge, but also an understanding of the rules, risks,
and culture of the sport. Team physicians must make every effort to ensure that
they are available to their athletes pre-, post-, and during competition, as well as
after hours. During events that span days or weeks, physicians must keep social
and personal commitments to a minimum to ensure that they are available to their
team in times of need.

Responsibilities of the team physician include:

pre-participation health screening and examination;

assessment and management of athletic injuries both on the field and fieldside;
triage;

immediate and long-term management of athletic injuries;

coordination of athlete’s rehabilitation and return-to-play;

counseling of athletes on proper training and nutrition habits to maintain
health;

ongoing observation of chronic pre-existing medical conditions;
condemning the use of artificial performance enhancement and counseling
athletes on substance abuse;

staying current with the medical knowledge of the field and upgrading skills
as necessary;

integration of knowledge with other athletic and medical professionals to
maximize the quality of care to the team and its athletes.

Having a physician who travels to competitions with a team is a luxury for
most amateur sport teams, but a necessity for elite international competition. When
traveling with a team and practicing in a foreign venue, there is added responsibility
on the team physician to assure the team of safe and fair competition. Additional
roles while “on the road” include:

Preparation for travel: Team members must be aware of the health
implications of international travel and be counseled on ways to avoid jet lag
as well as other conditions that may be caused by long-term immobility. This
education may occur well in advance of travel.
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Pre-competition site visit: The team physician should arrive at the competition
venue well in advance to look for any potential hazards to athletes during
competition, as well as plan and understand the logistics of medical services
available at the event and any barriers that may arise. Will the team physician
have immediate access to an athlete injured in the field of play? Will there
be any barriers to emergency vehicles accessing the venue? Where is the
nearest hospital? There may also be other environmental or social hazards in
the vicinity that should be considered to keep athletes safe after hours.
Preparation for medical practice: Many of the resources a team physician will
rely on during international competition will come from home, making
preparations before travel essential. The team physician should be involved
in selecting the medical team, as well as selecting the proper amount of staff
to ensure a high standard of care without being overstaffed and causing
athletes to be “overdoctored.” The medical team should meet prior to travel
to delegate foreseen tasks and establish a line of communication between team
members. Medical equipment and traveling pharmacy should remain in the
care of the team physician, and any substances banned from competitors
should be kept to a minimum.

Event coverage: Effective communication with all medical staff, coaches,
athletes, and team officials is paramount during the excitement of competition.
Be prepared to treat, educate, advocate for, and listen to the athletes. This is
when athletes will experience their highest highs (victory) and lowest lows
(defeat or injury). Athletes may also be subject to drug testing at this time.
The team physician must be prepared for this by understanding policies and
procedures of these tests and being aware of his or her role in the proceedings.
Patient confidentiality is to be maintained at all times.

Finally, the mobile nature of the team physician’s practice while traveling
should not distract from the necessity of proper documentation of medical
occurrences. This will help clarify the status of the athlete during competition
and will aid in medical debriefing and continued follow-up of athletes upon
their return home.

Considering the amount of time that a physician may spend with a team, it is
understandable and invaluable that they feel integrated into the team atmosphere.
However, although it is rewarding to feel like part of the team, it is important to
keep one’s professional role clear. The conduct and dress of a team physician
should reflect that of a medical professional rather than a teammate.

CREDENTIALS AND QUALIFICATIONS

The primary concern of the team physician is to provide the best medical care for
athletes at all levels of participation. To this end, the following qualifications are
necessary for all team physicians:
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have an M.D. or D.O. in good standing, with an unrestricted license to practice
medicine;

possess a fundamental knowledge of emergency care regarding sporting
events;

be trained in CPR;

have a working knowledge of trauma, musculoskeletal injuries, and medical
conditions affecting the athlete.

In addition, it is desirable for team physicians to have clinical training/experience
and administrative skills in some or all of the following:

Specialty Board certification;

continuing medical education in sports medicine;

formal training in sports medicine (fellowship training, board-recognized
subspecialty in sports medicine (formerly known as a certificate of added
qualification in sports medicine));

additional training in sports medicine;

50% or more of practice involving sports medicine;

membership and participation in a sports medicine society;

involvement in teaching, research, and publications relating to sports
medicine;

training in advanced cardiac life support;

knowledge of medical/legal, disability, and workers’ compensation issues;
media-skills training.

There is no single career recipe for becoming an exceptional team physician, as
there are many different paths one can take to reach the same level of expertise.
Similarly, continuing education will necessarily vary for physicians who cover
different sports. The conditions that will be treated most often in weightlifters will
be dramatically different from those seen most often in long-distance runners, for
example. Consequently, it is good practice to stay current in the sports medicine
field as a whole, while maintaining a strong expertise in the sport(s) that will be
covered most often.

There are many resources available for physicians to access for continuing
education in sports medicine. The FIMS, International Olympic Committee, and
the American College of Sports Medicine are excellent resources for accessing
ongoing educational programs and meetings.

CODE OF ETHICS

Although the range of duties performed by a team physician is broad, all actions
are governed by a core responsibility to “First, do no harm.” The team physician
must always abide by the regulations of the medical profession and of the sport’s
governing body.
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The FIMS and sports medicine physicians throughout the world have embraced
the following comprehensive code of ethics. The team physician must:

always make the health of the athlete a priority;

understand the medical knowledge in the field being overseen;
maintain patient confidentiality;

obtain informed consent;

not refuse an athlete the right to make their own medical decisions;
oppose practices that may jeopardize the health of an athlete;
oppose the use of artificial performance enhancement;
educate on the health benefits of physical activity;

not delegate medical decisions to others;

not allow medical decisions to be influenced by third parties;
not allow prejudice to bias medical judgment;

work collaboratively within an interprofessional setting.

The vast majority of team physicians model their careers admirably on this code
of ethics, while a minority participate in condemnable practices, such as the
promotion or provision of performance-enhancing drugs. There is still ethical
debate regarding some practices, notably the administration of local pain masking
for the purpose of competition.

LITIGATION

Sports medicine is not detached from the unfortunate trend of lawsuits that has
emerged in modern medicine, and the high stakes that are often involved in an
elite athlete remaining healthy or being cleared to compete can intensify the
litigious element of the profession. Avoiding and combating litigation in this field
requires both upstanding practice and an eye for detail.

Although a physician must always ensure that his or her medical liability insurance
is in good standing, special consideration must be given to the unique situations in
which a sports medicine physician may be involved. Does the insurance policy cover
medical practice in a foreign country? Will caring for foreign athletes be covered?
Officials? Coaches? Spectators? Special consideration may also be required for
coverage of vulnerable populations, such as young or disabled athletes.

A significant strategy for avoiding litigation is inspecting and understanding the
medical insurance policies of every individual or group for whom the physician
will be providing care. Ensure that the medical insurance of all athletes is in
good standing, and be aware of the benefits that may be important for competi-
tion at a given venue or country. Beyond standard life and critical-injury insurance,
valuable benefits may include coverage of medications or hospitalizations in a
foreign country or medical transport within a country or back to the athlete’s home
country.
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There will never be a substitute for the best weapon against litigation: caring for
one’s patients with skill and compassion. Proper, honest, respectful care leaves
little room for the legal system to enter the medical clinic.

MEDIA RELATIONS

Media coverage has become a seemingly ubiquitous component of elite athletics,
and with modern technology this coverage has the ability to spread worldwide in
a matter of seconds. The pressure from issuing a statement to the media can seem
daunting, but with some preparation media interaction can be a positive
experience. Training is available and highly recommended for any physician
working within elite athletics.

The team physician may be interviewed in positive times (victory) or negative times
(serious injury, doping, etc.), but there are guiding principles that must always frame
a physician’s interaction with the media. Most importantly, an athlete’s
confidentiality must always be respected. No medical details are to be provided
to the media without explicit consent from the athlete, and possibly from the coach
or the team. Parental consent is another factor in confidentiality when underage
athletes are involved. Even once consent has been obtained, the parties mentioned
above have the right to rescind their consent at a later time.

Although the role of the team physician in addressing the media is usually quite
clear, this role in amateur athletics tends to be less defined. Before starting with
any new team, amateur or professional, a physician should clarify his or her role
in media interaction.

Even when the proper medical statements have been issued to the media, there
is still the chance of being misquoted or of statements being taken out of context.
Although clear, concise communication is the best means of ensuring accurate
reporting, there are other strategies that can be employed in order to ensure that
the proper message is conveyed. Team physicians will often reserve the right to
read a written article before it is published to ensure the proper statement and
context are conveyed.

The field of sports medicine is unique and exciting, and sport culture strongly
promotes camaraderie and a sense of belonging. Although the commitment may
be large and the practice full of unique challenges, devotion to the sport and the
well-being of its athletes ensures the team physician of a successful and fulfilling
career.
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THE PRE-PARTICIPATION
EXAMINATION

A cornerstone of sports injury prevention

Lyle J. Micheli

One of the most significant recent developments in sports medicine, especially in
the care of young athletes, is that of more comprehensive pre-participation
examinations (sometimes called pre-participation screenings), and the increased
use of them in preventing sports injuries. Although pre-participation examina-
tions have long been required for school and sometimes community-based sports,
such an evaluation was often little more than a “physical,” with scant attention
paid to the specific or excessive demands that a particular sport places on the
athlete. Physicians involved in the care of young athletes now agree that the pre-
participation examination is a vital component of sports care. The main goals of
pre-participation examination are to assess overall health, detect conditions that
may cause injury, detect conditions that may disqualify the athlete from
participating in certain sports, assess fitness for the chosen sport, and make
recommendations for the exercise program.

In recent years, there has been increased emphasis on using the pre-participation
examination for cardiovascular screening to prevent sudden cardiac death (SCD),
and so, while this chapter provides an overview of the pre-participation
examination, the following chapter will address in depth the importance of cardiac
screening as an indispensable tool for preventing SCD in athletes.

TYPES OF PRE-PARTICIPATION EXAMINATION

There are two main types of pre-participation examination — the one-on-one
examination of the athlete by an individual doctor, and the station-type, en masse
version. Advantages of the personalized examination are that the athlete potentially
receives a more detailed assessment, as well as a continuity of care if he/she has
been seen by the same doctor. In such circumstances, it is also easier for the
physician to take a complete history and discuss sensitive issues with the athlete,
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especially when the patient is young, and the examining physician is his/her primary
care physician. The most obvious shortcoming of the one-on-one examination is
that the examining primary care physician may be relatively unfamiliar with the
special demands placed by the sport in question. If the physician has received
little, if any, sports medicine training, the examination will probably be little more
than a general medical examination.

The station-type examination has the advantage of involving more specialized
personnel, including physicians with expertise in a particular sport, athletics
trainers, nutritionists, physical therapists, and exercise physiologists. This type of
examination is cost-effective and more expeditious for large groups of athletes,
and allows performance testing to be offered at the same time.

In a school or community-based sports setting, where local primary care physicians
are included in the station-type examination and a private room is set aside for
individual consultation, the benefits of both types of pre-participation examination
can be achieved.

COMPONENTS OF THE PRE-PARTICIPATION EXAMINATION

In addition to the basal fitness of the athlete, the pre-participation examination
should also measure his/her fitness for an individual sport. For instance, when
examining a swimmer or tennis player, the physician should check the range of
motion in the shoulders — restricted range of motion in the shoulder may
predispose swimmers and tennis players to injuries in that area. Runners, on the
other hand, need flexibility in the lower back, hip flexors, and hamstrings, or they
may sustain injuries in those areas.

When done properly, a pre-participation examination should consist of a medical
history, a general medical health evaluation, an anatomical review, a flexibility
musculoskeletal examination, and an equipment review. All the components of
the examination, including the assessment of body composition, cardiovascular
endurance, strength, and flexibility, are important, but the most important
components are the medical history and the physical examination.

PRE-PARTICIPATION EXAMINATION GOALS

Assess overall health.

Detect conditions that might cause injury.

Detect conditions that may disqualify the athlete from participating in
certain sports.

Assess fitness for the chosen sport.

Make recommendations for the exercise program.

FiM3
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COMPONENTS OF THE PRE-PARTICIPATION EXAMINATION

Medical history.

General medical health evaluation.
Anatomical review.

Flexibility evaluation.

Strength assessment.
Cardiovascular fitness assessment.
Musculoskeletal examination.
Equipment review.

Medical history

The medical history is extremely important because it alerts the examining
physician to previous illnesses, injuries, and operations that may have a significant
bearing on fitness for sports and fitness activities. Well over half the problems
athletes encounter can be identified in the history. A common example of a serious
or hidden injury that the medical history can reveal is an undiagnosed fracture of
the carpal navicular bone in the wrist. Many people dismiss wrist pain, but, in
fact, if a carpal navicular bone fracture is undiagnosed, it can have serious arthritic
consequences in later life. Because of the importance of the medical history, it is
essential to complete the medical history form (Table 2.1) accurately.

MEDICAL HISTORY

Along with physical examination, medical history is the most important
component of pre-participation examination.

It may detect previous illnesses, injuries, and operations that affect sports
participation and cause injuries.

Areas of the medical history to pay special attention to include:

— hospitalizations and surgery

- medications

— allergies

— tetanus immunization status

— family cardiovascular problems

— skin problems

— sprains, strains, or fractures

— problems coping with heat or cold.

Make sure athletes get medical history forms in advance.

FiM3
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The medical history is also extremely important to screen for athletes with a pre-
disposing cardiac condition, as described in detail in the following chapter.

It is imperative that the medical history form be available to the athlete for com-
pletion well before the actual pre-participation evaluation. Ideally, the coaches or
athletic trainer will pass out the forms to the team at least one month before the
examination and return the completed forms to the examining physicians at least
one week before the examination. One or more physicians involved in the
examination process will then have the opportunity to review the medical histories
and highlight areas of concern for individual athletes.

Physical examinations

Numerous resources have addressed the cardiovascular component of the physical
examination. Without good cardiovascular endurance, fatigue-related injuries
such as sprained ankles and twisted knees are more likely to occur. Good
cardiovascular endurance is also important for preventing heart and lung disease.
The physical examination provides an opportunity to screen for underlying
problems that might precipitate cardiac events, as described in the following
chapter. Attention should also be given to assessing the strength of muscles and
bones, and the flexibility of muscles, ligaments, and joints (Table 2.2).

Most sports injuries result from musculoskeletal problems; the physical examination
should therefore include a review of joint function, range of motion, and areas of
pain (Figures 2.1 A-N). Restricted range of motion in joints, tight muscles, and
lack of muscle strength will create problems for the athlete. The risk of injury
increases when there is less flexibility — during dynamic activity, sudden stretching
of a tight-ligamented joint, such as a knee or ankle, or the tight muscles crossing
that joint may result in injury to the joint or muscle.

Anatomical factors that may predispose the athlete to overuse injury include leg-
length discrepancies, bowed legs, knock-knees, hyperextended knees, curvature
of the spine, and malalignment of the pelvis.

PHYSICAL EXAMINATION

Along with medical history, physical examination is the most important
component of pre-participation examination.

Focus not only on cardiovascular endurance, but also on strength and
flexibility.

Lack of strength and flexibility is at the root of many sports injuries.
Prescribe stretching and strengthening exercises to address deficits.
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Table 2.1 Medical history form

B PREPARTICIPATION PHYSICAL EVALUATION
HISTORY FORM

{Rbee: This fewnt s i B Tt et By Mg pliant s psrend prir fo seaing He piysicin, The phpsician st Kaeg Whis form i the charl)

Date of Exam
Marme Date of birth
Sex Age Grade Schaol Sportis)

Medicines and Allergles: Please list all of the prascription and aver-the-cownter and (heral and that you are currently taking

Do wou hava any allergiss? O Yas O Moo yes, plaase identify specific allergy balow.
L Madicinas O Pallang L Foed L Stinging Insects

Explain “Yes™ answers below. Circle questions you don’t know the answers 1o,

GENERAL OUESTIONS Yes | Mo MEDICAL GUESTIONS Yes | Mo
1. Hes & dustor ever derved ur restrictzd your participation in sparss fur 26. [oyou “""ﬂn wharse, ar nave dificutty breathing durng er
sy reason? aflir exercse?
2, Do you liae: any angeir imesdical condilioess? I so, please idenlily 2. Have ynu ever sed an inhalar ar taken asthma medicna?
below: 01 ssthma 01 aremia [T Diabetes [ Infections 6. 15 et anyone in your Tamity wha has asthama?
Other: 20. Ware you born withuut or are you missing a kidney, an eye, a testide
3. Hate you ever speat the night in the hospital? imales], yaur spleen, or any ather organ?
4. Hennz you ever fad surgery? 30, Do o v groin pain e it painful bulye o bemi in e groin arsa?

HEART HEALTH OLESTIINS ABOUT Yau Yes | No 1. Have ynu had infactinus moncruceceis mane) within the last manth?

5, eyl en\gr_aaml autor niarty aassed aut DUAING o 32, Do o) hiave G Fashes, pressune sares, of eiher skin problems?
AFTER awertisa? 3. Have you had 2 heroes or MRS skin infection™

Fi. Higat oty ever nad dscominrt, e, Hghiness, ar pressure in your 14 Haue ynis ener had @ head Injury o
e LU T i 35, M yuu evur b i o Elow 0 e ol s conlus

7. (3025 your NBAM EUET 1a58 0r 8kI beats Imegular heats) during exerriss? : n::ﬁﬂb:;ﬂﬂn":. s ﬂmr::‘;,r.;'n;':el;u? e

. Hiss i gl eoer Lobed wou Wal you Bawe any beart probless? ITso, ) 1y i i i 7

chas allthat apa: 36, Do you hawe 3 histary ol sn.amuedl?u'tie.
O High bkoad pressurs O & heart mommur 7. Do you have headaches with axercisa?
O High chikssterol O &bt infection . Have yous e N nLmbess, tngling, of weakIess in your anms r
O Kawasi disease Dt lugzs efter being hit or falling?

9. Hes & ductor ever urdurad & et for your teart? {For examply, ECGYEKE. 45. Have ynu ewer bean unahle to move ynur &ms ar legs after being hit
echacandiogan) o faling?

10, Do you get lighthaaded or fael mora short of braath then expected 40. Have ynu ewer became Il while: exereising In the heat?
durig exeriie? 4. Do o gt Treguent mustie sramps when esendsing?

1. Hane you ever had an unexplained ssizure? A2, [o you ar samecna in your family have sickla call trait o dizease?

12, Do vou get lmle!lleﬂ r short of breatn mare quickly than yaur frigncs A3, Hawe you had &y grodlems with wour eges or vision?
during i A4. Have you had any ave injuries?

HEART HEALTH OUESTIONS ABOUT YOUR FAMILY Yes | Mo 45, (10 Y0U VRAT 1RSSR o Contart nses?

T3, Has sy Tamily member of reklive died of e probilems of ad &n " e sar zuch as a0k a fac shisd
\nespected or unespleined sudten death befurs age S0 (inchuding A6, Do you wear probeckig eypewear, such a5 gugoies o 2 fage shicld?
dreeaning, Loepkaied car aceident, or sudten infnt ceain synerome 7. Do you warry abaut your weigt?

4, Dogs anyane in wour Tamiy have hyperirophic cdn]u.nyoulh( Marfan A8, Are you Irying 1o or D anyang recanmenckd fal o gain o

rome, AryImagenis right vantrizular cardimynps ur luse weight?
shturl 0T syndrome, Brugada syrdrome, or Iml-nnn‘-m'c 49, Arz youl an & saeckal diet or o yn anle certan fypes of foods?

wentrcular

73, Does anyane in sour Tamiy Fewe 2 hearl gradlen, pacemabe, of
implanzad oefibritatnr?

50. Hatve yuu erver had an eling disardar?
1. Do you have any concams that you wiwld (ke to discuss with 3 doctar?

16, Hias anyone In your tanily Dadl wneplained finting, unesptaingd FEMALES (ONEY;
=Eizuraz, or naar dravning? G2, Have you ever had & menstruel paricd?
BONE AND JOINT Yes | No 55, How o were wou vahen you had wour first menstrual peran?
7. Hane wou gver fad an injury b a bune. musch, ligamenl, e tendun 54, Huw rivany peries have you bad in U lasl 12 months?

that causad you 0 miss & practios or A game?

i ) e Frand arn fnaken or Fractured Loes o digocaled jeinis?

Hane you avar had &n injury that raquired x-rays, MRI, CT scan,

irections, Nesipy, & brace, & casl, of cadehes?

. Hane you avar had & stress frackure?

. iz you aver RN sald tat you have or hzve you had &n -ray for neck
irsskabilily or al inshability? (Do syndrome or dsarfism)

. Do you raguigrly usa A brace. orthatins, ar other asaistive devica?

L Do s & bone, rouscle, of joil injuy that bothers you?

. Do any of vour joints become parul, swollan, faal warm, or look rec?

35, 00 you e any hlstory of [Lenide arthritls or connectve tssue diease?

1 hereby stale that, to the best of my knowledge, my answers Lo the above guestions are complete and correcl.

Explain “yes" answers here

Lt

=41

2|HE

sk of athies: Sgmatum of panenciguardan T

EA0T0 Amarican Asademy of Family Pissicians, American Asagsmy of Pediames, Amevizan Colisge of Sparts adicing, Amarican l.fsm:'s\ Sm:lsl)r.a Spovis Madicing, Amencan Grihopasdic
Soeiely e Sports Medheie, s Amenian Osteonatiic Acadenmy of Boors Magicing, Peemiasian is geintad fo skl tii oo il ek

HE3: BT

Note: Reprinted with permission from © 1997 American Academy of Family Physicians, American Medical
Society for Sports Medicine, American Orthopaedic Society of Sports Medicine, and American Osteopathic
Academy of Sports Medicine.
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Special emphasis should be given to the ankles and knees because of the high
incidence of injury to those areas. If an athlete exhibits a lack of strength or
flexibility, which puts them at risk of injury in the chosen sport, he/she should be
given a corrective training program before participating. The examining physician
should provide exercise programs to help the athlete overcome particular
problems.

Although the entire musculoskeletal system of every athlete should be compre-
hensively assessed, the medical history can direct special focus during the exam-
ination. Special attention should be given to an anatomical site that has been
previously injured, especially when the chosen sport places special demands on
that area.

The musculoskeletal examination should also measure the relative constitutional
tightness or looseness of the athlete to address past injuries, as well as provide
training recommendations for injury prevention. The relatively “loose” athlete is
at increased risk of subluxations of the shoulder, patella, and peroneal tendon,
whereas the constitutionally “tighter” athlete is more at risk for muscle tendon
strains and apophyseal avulsions.

(A) Inspection, athlete standing, facing toward examiner (symmetry of trunk, upper
extremities).

(B) Forward flexion, extension, rotation, lateral flexion of neck (range of motion,

cervical spine).

Resisted shoulder shrug (strength, trapezius).

Resisted shoulder abduction (strength, deltoid).

Internal and external rotation of shoulder (range of motion, glenohumeral

joint).

Extension and flexion of elbow (range of motion, elbow).

Pronation and supination of elbow (range of motion, elbow and wrist).

Clench fist, then spread fingers (range of motion, hand and fingers).

Inspection, athlete facing away from examiner (symmetry of trunk, upper

extremities).

Back extension, knees straight (spondylolysis/spondylolisthesis).

Back flexion with knees straight, facing toward and away from examiner

(range of motion, thoracic and lumbosacral spine; spine curvature; hamstring

flexibility).

(L) Inspection of lower extremities, contraction of quadriceps muscles (alignment,
symmetry).

(M) “Duck walk” four steps (motion of hip, knee, and ankle; strength; balance).

(N) Standing on toes, then on heels (symmetry, calf; strength; balance).
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Table 2.2 Physical examination form

B PREPARTICIPATION PHYSICAL EVALUATION
PHYSICAL EXAMINATION FORM

Hame Date of birth

PHYSICIAN REMINDERS
1. Coveicir acklilional guestions on more sensilive Esues
» Do you feel stressad out or under 2 lot of prassure?
= Do) ver Teel sad, Nopeless, depressed, of anxious?
= Covyou feed safis at your home o residence?
* Haue ynu ever e cigarestes, chewing hacen, suf, or dip?
= Curing the past 30 days, did yuu use shewing tobagey, snuff, or dip?
» [0 you drink aleohol o use ey ather dnage?
= Hii you ey Laken ansblic shencicks o used any elher perlonmiance supplement?
» Heve you ever takan any supalaments to halo yau gain ar lse weigt or imprave your parformance®
= Dok wear & seat befl, use a elmet, and Lse condoms?

2. Coriter ravigwing guesst) iquestions 5141

EXAMINATION ]
Helght Wekght O Mee Ol Femae

BF I I ! ] Pulsa Vigion R 20 L s Comected C1¥ OO N

| MEDICAL - ] ABHORMAL FIND

Appegrance

* Marfan stgmata (kyphoscolings, hoh-arched paite, pectus sxcavatum, asachnadactyly,
arm span = heigh, hyperlaty, o, MVP aoric nsufliciency

Eyusicarsineelhroal

= Pupils pusl

= Hizring

Lyrnph nodes

Hesarl*

= Murmura izuscuitation standing, suping, +- Valsahie)

= Locaion of peint of masimal impulse P

Pulses

famorel end radial pulses

Lurgs
Abdoman
Genitourinary (males only|*

Sxn
= HE lesians suggpestive of MASA, e corgors
Hewrslogic
MUSCULDSKELETAL
Heck
Back
Shouliiriam
ElboiTervanm
isbhancingers

Knee

Lugankle

Fuubees

Funciional

* Duzk-walk, 5ngle leg hop

“Longidar ECG, achoeandiog am, Snd raferd tn crciciogy for shmammel carde fistany or exm.
Congiter CU axem ifin private setling. Favicg 1hind party present is recomimended.
*Conzicier cognifve svabuaton o7 aseing newopsyisl s seeting ifa fistory of sgniizal cncussion.

1 Cleared far all spors wiEhnnt restction

O Clearsd far all sports without restricion with recommendations for further evaluation or treatment for

O ot clearad
O Panding further evaluation
O Forary sports
O For certain sports
Rasasan

| have examines] the ab andl completed he pysical evaluation, The athlte does nat present apparent clinical contraindications ta practice and
participate in the sport(s) as outlined above. A copy of the physical sxam is on record in my office and can be made available to the schood at the request of the parents. If condi-
tions arise atter the athigte hag been cleared for participation, the physiclan may rescind the clearance until the prablem |s resolved and the potential consequences are complelely
caplained bo the athlch: {and parents/guardians).

Hamss of physician iprint‘tyos) Daty
Auklress Phione
Sipnature of phyrican L MDar DD

B R0 Amenican Academy of Family Mrrsisians, Amensan Acadanry of Pecitrics. Amarican Colege af Spoerts Madising, Amarican Medics! Sosiaty for Sparts idedivine, Amancan Oihapssdic
Saciafy fov Sporis eaieing, ani Aerizan Oateepariic Aradaiy of Saors Medieiie, Permissin i graoten 3 rapdar e DESES kel
HEITE

S261UHID

Note: Reprinted with permission from © 1997 American Academy of Family Physicians, American
Medical Society for Sport Medicine, American Orthopaedic Society of Sports Medicine, and American
Osteopathic Academy of Sports Medicine.
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Table 2.2 continued

B PREPARTICIPATION PHYSICAL EVALUATION
CLEARANCE FORM

Name Sex OM OF Age Diate af birth
O Cleared far 2l sparts without restriction

O Cleared far 2il sparts withaut with fons for further of treatment for

O Hat cleared
O Pending further avaluation
O Far any sparts
O Far cartain sports

Rezson

I have examined the above-named student and p the preparticipati ion. The athlete does not present apparent
clinical contraindications to practice and participate in the sport(s) as outlined ahove A copy of the physical exam is on record in my office
and can be made available to the school at the request of the parents. If conditions arise after the athlete has I:lsan cleared for parhcmallon,

the physician may rescind the cl until the problem is ived and the ial are | lained to the athlete
{and parents/guardians).

Mamie ol physician (prink/lyps) Dala

Address Fhone

Signatura of physician LMD D0

EMERGENCY INFORMATION

Mllergies

Cther infarmation

2010 A Acadsn o ol st Anerican o of s, A Culege o serts e, Aeran Mot Sot for Sports edtive, Aerica oo
Socisty far Sparts bedicine, and American Osteonathic Azadsmy of Sports Medicine, Farmission s grantad & raprint for Pases Wi
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(A) Inspection, athlete standing, facing toward examiner (symmetry of trunk, upper
extremities)

“-H-_\___/

) Forward flexion, extension, rotation, lateral flexion of neck (range of motion, cervical
Splne)

Figure 2.1 The general musculoskeletal screening examination

Source: Reprinted with permission from ©1997 American Academy of Family Physicians,
American Medical Society for Sport Medicine, American Orthopaedic Society of Sports
Medicine, and American Osteopathic Academy of Sports Medicine
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(D) Resisted shoulder abduction (strength, deltoid)

(E) Internal and external rotation of shoulder (range of motion, glenohumeral joint)

@

the pre-participatio
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(F) Extension and flexion of elbow (range of motion, elbow)

(H) Clench fist, then spread
fingers (range of motion,

Figure 2.1 continued hand and fingers)
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() Inspection, athlete facing away from examiner (symmetry of trunk, upper extremities)

)

|llll
r'll t— -,
bos
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()) Back extension, knees straight (spondylolysis/spondylolisthesis)

Figure 2.1 continued
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(K) Back flexion with knees straight, facing toward and away from examiner (range of
motion, thoracic and lumbosacral spine; spine curvature; hamstring flexibility)

--J

d

(L) Inspection of lower extremities, contraction of quadriceps muscles (alignment,
symmetry)

Figure 2.1 continued
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(N) Standing on toes, then on heels
| (symmetry, calf; strength; balance)

(M) “Duck walk” four steps (motion of
hip, knee, and ankle; strength;
balance)

Figure 2.1 continued

After the pre-participation examination, the physician should discuss the results
with the athlete and focus on conditions that have to be corrected or rehabilitated.
After reviewing the history and physical examination result, the physician can
choose to:

recommend full, unlimited participation;

withhold clearance until a problem is corrected;

withhold clearance until additional examinations are performed;
allow participation in certain sports; or

not allow participation of the athlete.

The physician’s decision is often based on guidelines such as the Medical
Conditions and Sports Participation of the American Academy of Pediatrics (Table
2.3), which list medical conditions that may disqualify athletes from participating
in collision, contact, and non-contact sports. For example, individuals with an
enlarged liver should probably not play a contact or collision sport such as football

or rugby.

the pre-participation examination
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Table 2.3 Medical conditions and sports participation

Condition

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

Explanation: Athlete (particularly if he or she has Down syndrome or juvenile
rheumatoid arthritis with cervical involvement) needs evaluation to assess the risk
of spinal cord injury during sports participation, especially when using a
trampoline.

Bleeding disorder

Explanation: Athlete needs evaluation.

Cardiovascular disease

Carditis (inflammation of the heart)

Explanation: Carditis may result in sudden death with exertion.

Hypertension (high blood pressure)

Explanation: Those with hypertension > 5 mmHg above the 99th percentile
for age, gender, and height should avoid heavy weight lifting and power
lifting, bodybuilding, and high-static component sports. Those with sustained
hypertension (> 95th percentile for age, gender, and height) need
evaluation. The National High Blood Pressure Education Program Working
Group report defined prehypertension and stage 1 and stage 2 hypertension
in children and adolescents younger than 18 years of age.

Congenital heart disease (structural heart defects present
at birth)

Explanation: Consultation with a cardiologist is recommended. Those who
have mild forms may participate fully in most cases; those who have
moderate or severe forms or who have undergone surgery need evaluation.
The 36th Bethesda Conference defined mild, moderate, and severe disease
for common cardiac lesions.

Dysrhythmia (irregular heart rhythm):

long-QT syndrome

malignant ventricular arrhythmias

symptomatic Wolff-Parkinson-White syndrome
advanced heart block

family history of sudden death or previous sudden cardiac
event

implantation of a cardioverter-defibrillator

Explanation: Consultation with a cardiologist is advised. Those with
symptoms (chest pain, syncope, near-syncope, dizziness, shortness of
breath, or other symptoms of possible dysrhythmia) or evidence of mitral
regurgitation on physical examination need evaluation. All others may
participate fully.
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Table 2.3 continued

Condition

Heart murmur

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

Structural/acquired heart disease:

hypertrophic cardiomyopathy

coronary artery anomalies

arrhythmogenic right ventricular cardiomyopathy
acute rheumatic fever with carditis
Ehlers—Danlos syndrome, vascular form

Marfan syndrome

mitral valve prolapse

anthracycline use

Explanation: Consultation with a cardiologist is recommended. The 36th
Bethesda Conference provided detailed recommendations. Most of these
conditions carry a significant risk of sudden cardiac death associated with
intense physical exercise. Hypertrophic cardiomyopathy requires
thorough and repeated evaluations, because disease may change
manifestations during later adolescence. Marfan syndrome with an aortic
aneurysm also can cause sudden death during intense physical exercise.
Athlete who has ever received chemotherapy with anthracyclines may be
at increased risk of cardiac problems because of the cardiotoxic effects of
the medications, and resistance training in this population should be
approached with caution; strength training that avoids isometric
contractions may be permitted. Athlete needs evaluation.

Vasculitis/vascular disease:

Kawasaki disease (coronary artery vasculitis)

pulmonary hypertension

Explanation: Consultation with a cardiologist is recommended. Athlete
needs individual evaluation to assess risk on the basis of disease activity,
pathologic changes, and medical regimen.

Cerebral palsy

Explanation: Athlete needs evaluation to assess functional capacity to perform
sport-specific activity.

Diabetes mellitus

Explanation: All sports can be played with proper attention and appropriate
adjustments to diet (particularly carbohydrate intake), blood glucose
concentrations, hydration, and insulin therapy. Blood glucose concentrations
should be monitored before exercise, every 30 min during continuous exercise,
15 min after completion of exercise, and at bedtime.

May
participate

Qualified yes

Qualified no
Qualified no
Qualified no
Qualified no
Qualified no
Qualified yes
Qualified yes
Qualified yes

Quialified yes

Qualified yes

Yes
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Table 2.3 continued

Condition

Diarrhea, infectious

Explanation: Unless symptoms are mild and athlete is fully hydrated, no
participation is permitted, because diarrhea may increase risk of dehydration
and heat illness (see fever).

Eating disorders

Explanation: Athlete with an eating disorder needs medical and psychiatric
assessment before participation.

Eyes:
— functionally 1-eyed athlete
— loss of an eye

— detached retina or family history of retinal detachment at
young age

— high myopia

— connective tissue disorder, such as Marfan or Stickler
syndrome

— previous intraocular eye surgery or serious eye injury

Explanation: A functionally 1-eyed athlete is defined as having best-corrected
visual acuity worse than 20/40 in the poorer-seeing eye. Such an athlete
would suffer significant disability if the better eye were seriously injured, as
would an athlete with loss of an eye. Specifically, boxing and full-contact
martial arts are not recommended for functionally 1-eyed athletes, because
eye protection is impractical and/or not permitted. Some athletes who
previously underwent intraocular eye surgery or had a serious eye injury may
have increased risk of injury because of weakened eye tissue. Availability of
eye guards approved by the American Society for Testing and Materials and
other protective equipment may allow participation in most sports, but this
must be judged on an individual basis.

Conjunctivitis, infectious
Explanation: Athlete with active infectious conjunctivitis should
be excluded from swimming.

Fever

Explanation: Elevated core temperature may be indicative of a pathologic medical
condition (infection or disease) that is often manifest by increased resting
metabolism and heart rate. Accordingly, during athlete’s usual exercise regimen,
the presence of fever can result in greater heat storage, decreased heat tolerance,
increased risk of heat illness, increased cardiopulmonary effort, reduced maximal
exercise capacity, and increased risk of hypotension because of altered vascular
tone and dehydration. On rare occasions, fever may accompany myocarditis or
other conditions that may make usual exercise dangerous.

Gastrointestinal:

— malabsorption syndromes (celiac disease or cystic fibrosis)

Explanation: Athlete needs individual assessment for general malnutrition
or specific deficits resulting in coagulation or other defects; with appropriate

/6 ®
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Table 2.3 continued

Condition May
participate

treatment, these deficits can be treated adequately to permit normal
activities.

— short-bowel syndrome or other disorders requiring
specialized nutritional support, including parenteral or
enteral nutrition
Explanation: Athlete needs individual assessment for collision, contact, or
limited-contact sports. Presence of central or peripheral, indwelling, venous
catheter may require special considerations for activities and emergency
preparedness for unexpected trauma to the device(s).

Heat illness, history of Qualified yes

Explanation: Because of the likelihood of recurrence, athlete needs individual
assessment to determine the presence of predisposing conditions and behaviors
and to develop a prevention strategy that includes sufficient acclimatization

(to the environment and to exercise intensity and duration), conditioning,
hydration, and salt intake, as well as other effective measures to improve heat
tolerance and to reduce heat injury risk (such as protective equipment and
uniform configurations).

Hepatitis, infectious (primarily hepatitis C) Yes

Explanation: All athletes should receive hepatitis B vaccination before participation.
Because of the apparent minimal risk to others, all sports may be played as
athlete’s state of health allows. For all athletes, skin lesions should be covered
properly, and athletic personnel should use universal precautions when handling
blood or body fluids with visible blood.

HIV infection Yes

Explanation: Because of the apparent minimal risk to others, all sports may be
played as athlete’s state of health allows (especially if viral load is undetectable or
very low). For all athletes, skin lesions should be covered properly, and athletic
personnel should use universal precautions when handling blood or body fluids
with visible blood. However, certain sports (such as wrestling and boxing) may
create a situation that favors viral transmission (likely bleeding plus skin breaks).

If viral load is detectable, then athletes should be advised to avoid such high-
contact sports.

Kidney, absence of one Qualified yes

Explanation: Athlete needs individual assessment for contact, collision, and limited-
contact sports. Protective equipment may reduce risk of injury to the remaining
kidney sufficiently to allow participation in most sports, providing such equipment
remains in place during activity.

Liver, enlarged Qualified yes

Explanation: If the liver is acutely enlarged, then participation should be avoided
because of risk of rupture. If the liver is chronically enlarged, then individual
assessment is needed before collision, contact, or limited-contact sports are played.
Patients with chronic liver disease may have changes in liver function that affect
stamina, mental status, coagulation, or nutritional status.

Malignant neoplasm Qualified yes

Explanation: Athlete needs individual assessment.

the pre-participatio
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Table 2.3 continued

Condition

Musculoskeletal disorders

Explanation: Athlete needs individual assessment.

Neurologic disorders:

— history of serious head or spine trauma or abnormality,

including craniotomy, epidural bleeding, subdural hematoma,
intracerebral hemorrhage, second-impact syndrome, vascular

malformation, and neck fracture.

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

- history of simple concussion (mild traumatic brain
multiple simple concussions, and/or complex
injury), concussion
Explanation: Athlete needs individual assessment. Research supports a
conservative approach to concussion management, including no athletic
participation while symptomatic or when deficits in judgment or cognition
are detected, followed by graduated return to full activity.

— myopathies
Explanation: Athlete needs individual assessment.

— recurrent headaches
Explanation: Athlete needs individual assessment.

— recurrent plexopathy (burner or stinger) and cervical cord
neuropraxia with persistent defects
Explanation: Athlete needs individual assessment for collision, contact, or
limited-contact sports; regaining normal strength is important benchmark
for return to play.

— seizure disorder, well controlled
Explanation: Risk of seizure during participation is minimal.

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

Obesity

Explanation: Because of the increased risk of heat illness and cardiovascular strain,
obese athlete particularly needs careful acclimatization (to the environment and to
exercise intensity and duration), sufficient hydration, and potential activity and
recovery modifications during competition and training.

Organ transplant recipient (and those taking immunosuppressive

medications)

Explanation: Athlete needs individual assessment for contact, collision, and
limited-contact sports. In addition to potential risk of infections, some
medications (e.g., prednisone) may increase tendency for bruising.

23
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Table 2.3 continued

Condition

Ovary, absence of one

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

Pregnancy/postpartum

Explanation: Athlete needs individual assessment. As pregnancy progresses,

modifications to usual exercise routines will become necessary. Activities with high

risk of falling or abdominal trauma should be avoided. Scuba diving and activities
posing risk of altitude sickness should also be avoided during pregnancy. After the
birth, physiological and morphologic changes of pregnancy take 4-6 weeks to
return to baseline.

Respiratory conditions:

pulmonary compromise, including cystic fibrosis

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

asthma

Explanation: With proper medication and education, only athletes with severe
asthma need to modify their participation. For those using inhalers,
recommend having a written action plan and using a peak flowmeter daily.
Athletes with asthma may encounter risks when scuba diving.

acute upper respiratory infection

Explanation: Upper respiratory obstruction may affect pulmonary
function. Athlete needs individual assessment for all except mild disease
(see fever).

Rheumatologic diseases:

juvenile rheumatoid arthritis

Explanation: Athletes with systemic or polyarticular juvenile rheumatoid
arthritis and history of cervical spine involvement need radiographs of
vertebrae C1 and C2 to assess risk of spinal cord injury. Athletes with
systemic or HLA-B27-associated arthritis require cardiovascular assessment
for possible cardiac complications during exercise. For those with
micrognathia (open bite and exposed teeth), mouth guards are helpful.

If uveitis is present, risk of eye damage from trauma is increased;
ophthalmologic assessment is recommended. If visually impaired, guidelines
for functionally 1-eyed athletes should be followed.

juvenile dermatomyositis, idiopathic myositis
systemic lupus erythematosis

Raynaud phenomenon

Explanation: Athlete with juvenile dermatomyositis or systemic lupus
erythematosis with cardiac involvement requires cardiology assessment
before participation. Athletes receiving systemic corticosteroid therapy are
at higher risk of osteoporotic fractures and avascular necrosis, which should
be assessed before clearance; those receiving immunosuppressive

May
participate

Yes

Qualified yes

Quialified yes
Yes

Qualified yes

Quialified yes
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Table 2.3 continued

Condition May
participate

medications are at higher risk of serious infection. Sports activities should be
avoided when myositis is active. Rhabdomyolysis during intensive exercise
may cause renal injury in athletes with idiopathic myositis and other
myopathies. Because of photosensitivity with juvenile dermatomyositis and
systemic lupus erythematosis, sun protection is necessary during outdoor
activities. With Raynaud phenomenon, exposure to the cold presents risk to
hands and feet.

Sickle cell disease Qualified yes

Explanation: Athlete needs individual assessment. In general, if illness status
permits, all sports may be played; however, any sport or activity that entails
overexertion, overheating, dehydration, or chilling should be avoided.
Participation at high altitude, especially when not acclimatized, also poses risk
of sickle cell crisis.

Sickle cell trait Yes

Explanation: Athletes with sickle cell trait generally do not have increased risk of
sudden death or other medical problems during athletic participation under
normal environmental conditions. However, when high exertional activity is
performed under extreme conditions of heat and humidity or increased altitude,
such catastrophic complications have occurred rarely. Athletes with sickle cell
trait, like all athletes, should be progressively acclimatized to the environment
and to the intensity and duration of activities and should be sufficiently hydrated
to reduce the risk of exertional heat illness and/or rhabdomyolysis. According to
National Institutes of Health management guidelines, sickle cell trait is not a
contraindication to participation in competitive athletics, and there is no
requirement for screening before participation. More research is needed to assess
fully potential risks and benefits of screening athletes for sickle cell trait.

Skin infections, including herpes simplex, molluscum contagiosum, Qualified yes
verrucae (warts), staphylococcal and streptococcal infections
(furuncles (boils), carbuncles, impetigo, methicillin-resistant
Staphylococcus aureus (cellulitis and/or abscesses)), scabies,
and tinea
Explanation: During contagious periods, participation in gymnastics or
cheerleading with mats, martial arts, wrestling, or other collision, contact, or
limited-contact sports is not allowed.

Spleen, enlarged Qualified yes

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

Testicle, undescended or absence of one Yes

Explanation: Certain sports may require a protective cup.

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

Pediatrics April 2008 vol. 121 no. 4 841-848 doi: 10.1542/peds.2008-0080
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WHEN TO SCHEDULE THE PRE-PARTICIPATION
EXAMINATION

The pre-participation examination must be scheduled to allow sufficient time for
any necessary corrective measures to be taken before the athletic season starts.
Such measures may include strengthening or flexibility exercises or drills to
improve agility and skill. These interventions can be as simple as teaching a young
athlete with tight hamstrings the proper techniques of hamstring stretching, or as
complex as teaching a basketball player the technique of cutting on the basketball
court to decrease the chance of injuring the anterior cruciate ligaments.

The minimum interval between the pre-participation evaluation and the start of
the athletic season is one month. The ideal interval is 10-12 weeks before the
beginning of the athletic season, because time is needed to effectively implement,
in a systematic fashion, interventions such as stretching and strengthening. Apart
from allowing adequate time to teach specific exercises, or to fit and manufacture
specific protective devices, this 10-12-week interval allows sufficient time for re-
evaluation and/or reassessment to ensure that the intervention has been effective
in addressing the risk factor for injury.

A pre-participation evaluation not only detects risk factors for sports injury, but
can also ascertain therapeutic interventions that may prevent or decrease the risk
of sports injury. Personnel with a sound understanding of both the intrinsic and
extrinsic risk factors for sports injury are better prepared to make recommendations
that will correct or compensate for detected risk factors in the athlete.

The pre-participation examination is also an opportunity to screen for pre-existing
and often silent cardiac abnormalities that may predispose the athlete to SCD, as
we see in the following chapter.
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THE CARDIOVASCULAR PRE-PARTICIPATION
SCREENING OF ATHLETES

A cornerstone of sport-related sudden
cardiac death prevention

Fabio Pigozzi, Marta Rizzo, and
Paolo Borrione

As described in the previous chapter, the main goals of pre-participation exam-
ination are the assessment of the athlete’s overall health; the detection of
conditions that may cause injury; the identification of underlying disease that may
disqualify the athlete from participating in certain sports; and assessing fitness for
the chosen sport.

Another of the main goals of the athlete’s pre-participation examination should
also be to identify subjects at risk for sport-related illness, with particular regard
to sudden death. It is significant to note that, while non-traumatic athletic-field
deaths are often considered “tragic fatalities,” in most instances they are
preventable. And, although they may be attributed to non-cardiac causes (cerebral
aneurysm, heat stroke, bronchial asthma, drug abuse), more than 90% of these
tragic events occur in subjects who have pre-existing and usually clinically silent
cardiac abnormalities, most of which are congenital and identifiable with an
accurate cardiologic evaluation (see Figures 3.1 and 3.2).

Fortunately, the majority of cardiac abnormalities with the potential to cause SCD
can be identified by cardiovascular screening, although this depends on the
specific abnormality and the content of the cardiovascular screening applied.

Although with some important differences, cardiovascular screening for competitive
athletes is currently universally recommended by the cardiac societies (European
Society of Cardiology (ESC) and American Heart Association (AHA)), required by
the major sporting bodies (e.g. Fédération Internationale de Football Association
(FIFA), and Union of European Football Associations (UEFA)), and applied in most

countries.
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Figure 3.1 Global causes of SCD in young athletes

(Maron et al. JAMA 1996) (Corrado et al. NEJM 1998)

Miscellaneous HCM 36% Miscellaneous ARVD 22%

CAD 2%
ARVD 3%

CAD 18%
CCAA13% | LVM 10% HCM 2% CCAA 12%

Figure 3.2 Specific causes of SCD in young American and ltalian athletes. Note
that in the United States, hypertrophic cardiomyopathy (HCM) is the
leading cause, whereas in ltaly the most frequent cause is arrhythmo-
genic right ventricular dysplasia (ARVD). This difference is mainly due
to the ltalian national pre-participation screening program based on
ECG that allows the identification of athletes affected by HCM by the
characteristic ECG abnormalities of this disease. (CAD: coronary
atherosclerotic disease; CCAA: congenital coronary artery anomalies)
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The cardiovascular screening of competitive athletes is composed of three main
elements:

the medical (familial and personal) and athletic history;
the physical examination;
the 12-lead ECG.

Although the medical history and physical examination are universally applied, a
12-lead ECG is applied only in some countries.

MEDICAL AND ATHLETIC HISTORY

A careful medical history of the athlete and his/her family, as well as a careful
physical examination, represent the basis of the screening. In particular, the
familial medical history must be guided to the identification of a “genetic
predisposition” to cardiovascular disease. To attain this goal, major cardiovascular
risk factors that are known to have a multifactorial (genetic and environmental)
genesis (i.e., hypertension, diabetes, hypercholesterolemia), as well as symptomatic
coronary artery disease, must be investigated in first-degree relatives. Great
attention must be paid to cases of sudden death in relatives under 50 years of age
that may suggest the presence of inherited cardiac disorders.

The personal medical history must investigate:

the presence of major cardiovascular risk factors (smoking, hypertension,
hypercholesterolemia) and substance abuse (alcohol, drugs, doping);

a past clinical history, mainly focusing on cardiovascular problems;

a recent clinical history, with the purpose of identifying the presence of
exercise-related cardiovascular symptoms, with particular regard for:

—  chest pain or discomfort;

—  dyspnea or breathlessness;

- palpitations;

—  syncope or pre-syncope;

- unexplained worsening in physical performance.

Athletes are likely to underestimate their symptoms, even when they are of some
importance, hence the need for careful questioning.

To obtain a complete and informative history, the use of a checklist, as reported
in Tables 3.1 and 3.2, could be suggested.

FiM3
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Table 3.1 Checklist for familial medical history

Questions Answers

1. Did someone of your first-degree relatives die suddenly before

50 years of age for cardiac causes or for unexplainable causes? NO/YES
2. Do any of your first-degree relatives suffer from:

— unexplainable syncope or unexplainable convulsions? NO/YES

— any disabling cardiac problem (pacemaker, implantable
defibrillator, heart transplant, cardiac surgery, antiarrhythmic

teraphy)? NO/YES
- HCM, DCM, Marfan syndrome, ARVD, long-QT syndrome,

CPTV, premature CAD (M < 55 years; W < 65 years) NO/YES
— diabetes, arterial hypertension, hypercholesterolemia NO/YES

Criteria for positive medical history
Family history:

family history of premature heart attack or sudden death (< 50 years);
family history of cardiomyopathy, Marfan syndrome, long-QT syndrome,
Brugada syndrome, severe arrhythmias, coronary artery disease or other
disabling cardiovascular disease.

Personal history:

exertional chest pain or discomfort;

syncope or near syncope;

irregular heartbeat or palpitations;

shortness of breath or fatigue out of proportion to the degree of exertion.

Finally, investigating the type, duration, and intensity of training allows correlation
of these data with the further clinical and instrumental findings. A checklist, as
reported in Table 3.3, is suggested.

PHYSICAL EXAMINATION

The main elements of the cardiovascular physical examination are:

evaluation of the presence and features of heart murmurs; cardiac auscultation
should be performed in a noiseless room, both in supine and standing
positions;

evaluation of the presence of femoral pulses to exclude aortic coarctation;
examination for physical stigmata of Marfan’s syndrome;

measurement of brachial artery blood pressure (preferably at both arms, in
sitting position).

FiM3
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Table 3.2 Checklist for personal medical history
Questions Answers

Have you ever experienced syncope or pre-syncope?

— during physical effort NO/YES

— after physical effort NO/YES

— out of physical effort NO/YES
Have you ever experienced chest pain?

— during physical effort NO/YES

— after physical effort NO/YES

— out of physical effort NO/YES
Have you ever experienced dizziness?

— during physical effort NO/YES

- after physical effort NO/YES

— out of physical effort NO/YES
Have you ever experienced breathlessness or breathing trouble?

— during physical effort NO/YES

— after physical effort NO/YES

— out of physical effort NO/YES
Have you ever experienced palpitation?

— during physical effort NO/YES

- after physical effort NO/YES

— out of physical effort NO/YES
Are you taking any drugs or other substances? NO/YES
Do you smoke? NO/YES
Have you ever been recommended to undergo cardiac tests
(Holter ECG, echo, exercise test)? NO/YES
Have you had any cardiovascular problem in the past? NO/YES

Criteria for positive physical examination:

musculoskeletal and ocular features suggestive of Marfan syndrome;
diminished and delayed femoral artery pulses;

mid- or end-systolic clicks;

second heart sound single or widely split and fixed with respiration;
marked heart murmurs (any diastolic and systolic grade = 2/6);
irregular heart rhythm;

brachial blood pressure > 140/90 mmHg (on > 1 reading).

@ 3/
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Table 3.3 Checklist for athletic history

—_

. Typeofsport
2. Years of practice e
3. Number of training sessions/week L
4. Duration of a single training session (minutes) ..o

5. Number of competitions/month e

A cardiac screening based only on medical history and physical examination is
currently applied in the United States, where the exceptionally large number of
athletes required to be evaluated, compared with the relative rarity of SCD, is
considered the major obstacle for the implementation of pre-participation
examination with instrumental tests. However, such screening fails to recognize
most athletes at increased cardiac risk.

THE 12-LEAD ECG

On the other hand, implementing the screening with 12-lead ECG appears to
significantly increase the diagnostic power (in particular, specificity) of the screening
itself. Indeed, ECG abnormalities are commonly found in patients who have
potentially lethal congenital cardiac diseases.

Unfortunately, the increase in specificity and sensibility of the screening due to
ECG implementation is associated with an increase in the rate of false-positive
results. Actually, in healthy, highly trained athletes, abnormal ECG patterns are
frequently observed, and the correct interpretation of these patterns represents a
crucial point of the athlete’s evaluation.

ECG abnormalities that may be found in athletes are of two types, listed in Table
3.4:

physiologic ECG variants, related to athletic training and extremely common
(up to 80% of the athletes);
non-physiologic variants, not related to athletic training.

Athletes trained in sports with high cardiovascular involvement frequently present
with physiologic ECG alterations that reflect the adaptation of the autonomic
cardiac nervous system and, specifically, the increased vagal tone and/or reduction
of sympathetic tone. These alterations include sinus bradycardia, first-degree AV
block, and early repolarization. Moreover, the increased QRS voltages and the
incomplete right-branch block reflect the physiologic cardiac hypertrophy of the

FiM3
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Table 3.4 Classification of ECG alteration that could be found in competitive athletes

Physiologic and common Non-physiologic and uncommon
ECC alterations ECC alterations

Sinus bradycardia Inverted T waves

First-degree AV block Pathologic Q waves

Incomplete right-branch block Left atrial hypertrophy

Early repolarization Left axis deviation

Increased isolated QRS voltages Right axis deviation

Left ventricular hypetrophy
Wolf-Parkinsons-White

Complete left or right branch block
Long or short QT interval
Brugada-like early repolarization

Ventricular or supraventricular
premature beats

Second-degree AV block
Third-degree AV block

athlete’s heart. These ECG alterations are not alarming and do not require further
diagnostic tests.

On the other hand, the non-physiologic ECG alterations, listed in Table 3.4, are
generally expressive of a structural or electrical cardiac alteration, including those
with the potential to cause SCD. Therefore when found, these alterations must
be considered expressions of disease until proved otherwise and dictate second-
level (echocardiogram, maximal exercise test, 24-hour Holter ECC), and eventually
third-level, diagnostic tests (cardiac MRN, T-wave voltages, late potentials,
electrophysiologic studies), in order to evaluate concretely the athlete’s risk and
evaluate his/her qualification for training and competition (Figure 3.1).

Criteria for a positive 12-lead ECG

The 12-lead ECG was introduced as a part of Italian mandatory pre-participation
examinations for competitive athletes in 1982. Analysis of data from long-term
Italian experience indicates that ECG screening has provided adequate sensitivity
and specificity for the detection of potentially lethal cardiomyopathy or arrhythmias
and has led to a substantial reduction of mortality in young competitive athletes
by approximately 90%.

Despite the reported evidence in favor of ECG, the debate about its actual
effectiveness in screening competitive athletes remains open. The main, recognized
limitation of ECG is the demonstrated occurrence of false-positive results. In its
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CRITERIA FOR A POSITIVE 12-LEAD ECG

P wave.

Left atrial enlargement: negative portion of the P wave in lead
V1= 0.1 mV in depth and = 0.04 s in duration.

Right atrial enlargement: peaked P wave in leads Il and IlI or

V1= 0.25 mV in amplitude.

QRS complex.

Frontal plane axis deviation: right = + 120° or left 30° to -90°.
Increased voltage: amplitude or R or S wave in a standard lead

= 2 mV, Swave in lead V1 or V2 = 3 mV, or R wave in lead

V5 0orV6 = 3 mV.

Abnormal Q waves = 0.04 s in duration or = 25% of the height of
the ensuing R wave or QS pattern in two or more leads.

Right or left bundle branch block with QRS duration = 0.12's.

R or R" wave in lead V1 = 0.5 mV in amplitude and R/S ratio = 1.
ST-segment, T waves and QT interval.

ST-segment depression or T-wave flattening or inversion in two or
more leads.

Prolongation of heart rate corrected QT interval > 0.44 s in males and
> 0.46 s in females.

Rhythm and conduction abnormalities.

Premature ventricular beats or more severe ventricular arrhythmias.
Supraventricular tachycardias, atrial flutter, or atrial fibrillation.
Short PR interval (0.12 s) with or without “delta” wave.

Sinus bradycardia with resting heart rate = 40 beats/min.

First- (PR = 0.21 s), second-, or third-degree atrioventricular block.

recent document, the AHA stated that ECG could also be potentially deleterious
to the athletes with false-positive results, as it would lead to further, unnecessary
evaluations and testing, anxiety, and possibly to disqualification without merit.
Evidence from the ltalian experience does not agree with this consideration.
A correct ECG interpretation, that is, distinguishing the physiological from the
non-physiological patterns, is the first step. Moreover, in the vast majority of cases,
echocardiography allows clarification of whether the ECG abnormalities are the
consequence of structural alterations or just the expression of the physiological
cardiac hypertrophy of the athlete’s heart. However, when the ECG alterations
are marked, even in the absence of echocardiographic evidence of disease,
continuing surveillance is requested, especially in adolescent athletes in whom ECG
abnormalities may precede the development of structural alterations in adulthood.
In fact, long-term follow-up studies demonstrated that markedly abnormal ECGs
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in young, apparently healthy athletes may represent the initial expression of
underlying cardiomyopathies that may not be evident until many years later and
that may ultimately be associated with adverse outcomes, thus requiring continued
clinical surveillance.

THE ROLE OF ECHOCARDIOGRAM IN THE SCREENING OF
COMPETITIVE ATHLETES

Echocardiography is a non-invasive, readily available, and relatively inexpensive
diagnostic tool with the ability to detect subclinical abnormalities early in their
natural history. Currently, it is considered a second-level test to perform in the
presence of clinical and/or instrumental abnormalities. Actually, pre-participation
examination with ECG allows identification of most of the cardiac disease
responsible for SCD, and routine echocardiogram is considered not to increase
the sensitivity of this screening. However, over the last decade, a new debate
concerning the possible role of echocardiography in the routine screening of
competitive athletes has been growing in Europe. Actually, many congenital
cardiac abnormalities may not be revealed even by accurate physical examination
and may be not associated with ECG alterations. These anomalies, which include
mild and innocent to severe and potentially threatening conditions, are likely to
be common in the athletic population, with particular regard to mitral valve
prolapse, myocarditis, and aortic valve diseases.

It is likely that implementing athletes’ pre-participation examinations based on
history, physical examination, and ECG with a limited two-dimensional echo-
cardiographic study would not significantly increase the cost-effectiveness of the
screening itself, but it would significantly increase its diagnostic power and,
perhaps, its effectiveness in terms of SCD prevention. However, because the
cardiac abnormalities that are detected by echocardiography are mostly congenital
defects, it could be suggested that echocardiography should be performed at the
first cardiovascular clearance, at the beginning of the competitive career.

Figure 3.3 summarizes the progressive steps of an athlete’s cardiovascular evalu-
ation. The screening (first-level evaluation) includes medical history, physical
examination, and 12-lead ECG. If no abnormalities were found, the athlete would
be qualified for training and competitions. On the other hand, if any abnormalities
(clinical or instrumental) arose, second-level tests would be performed, including
echocardiography, maximal exercise test (on cycloergometer or treadmill), and
24-hour Holter monitoring. If no evidence of cardiac disease were found, the
athlete would be qualified for training and competitions. Finally, if any abnormal-
ities were detected, third-level tests would be performed, depending on the
specific findings, including cardiac MNR, the search for the presence of ventricular
late potentials by signal averaging, T-wave alternans, transesophageal electro-
physiologic study, or endocavitary electrophysiologic study.

WwWW.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

Athletes with any cardiovascular conditions would be managed according to
established cardiovascular protocols, such as the Italian Cardiological Guidelines
for Competitive Sports Eligibility (COCIS) or the recommendations of the European
Society of Cardiology (Bethesda Conference).

=

!

MNo evidence of
cardiac disease

|

Diagnosis of cardiac disease

MANAGEMENT ACCORDING TO
ESTABLISHED PROTOCOLS

Figure 3.3 Flowchart of cardiovascular pre-participation examination for
competitive athletes. MH: medical history; PE: physical examination,
ECHO: echocardiography; EST: maximal exercise stress testing; HM:
24-hour Holter monitoring; TWA: T-wave alternans; VLP: ventricular
late potentials; TEES: transesophageal electrophysiologic study; EES:
endocavitary electrophysiologic study
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CHAPTER 4

PRINCIPLES OF EXERCISE PHYSIOLOGY

Norbert Bachl and Avery D. Faigenbaum

The principles of sports science are based on an understanding of the production
and use of energy in biological systems. With an awareness of the contributions
of the different energy systems across a variety of activities, effective training
programs can be designed. Activities such as marathon rely almost exclusively on
aerobic energy systems, whereas others, such as the 50-m swim, are quite
anaerobic; the predominant energy systems in team sports such as basketball and
soccer, on the other hand, are constantly changing. To improve an athlete’s ability
to perform a certain task, a training program must be designed and implemented
to specifically develop the muscles, organs (e.g. heart, lungs), and energy systems
involved in the sport or activity. This means training the involved muscles, organs,
and energy systems at an increased level, so that they adapt and achieve a greater
maximal energy potential. The end result is faster, stronger, and more powerful
movements that will likely enhance sports performance and increase resistance to
injury. Although a training program is designed with the specific goals, needs, and
medical concerns of the athlete carefully evaluated by the team physician, its
quality is defined by the ability to apply scientific principles efficiently and
effectively in its design. Extensive amounts of literature have been published on
aerobic training; more recently, the acute and chronic responses to anaerobic
training have received increasing public and medical attention. Because of the
potential influence of exercise training on sports performance and injury
prevention, the team physician needs to understand the principles of sports
science and their implications for the design and evaluation of sports training
programs.

FUELS FOR EXERCISE

The body uses carbohydrates, fats, and proteins (Figure 4.1) consumed daily to
provide the necessary energy to maintain cellular functions at rest and during
exercise. The energy generated in the breakdown of food macronutrients serves
to phosphorylate adenosine diphosphate (ADP) and reform the energy-rich
compound adenosine triphosphate (ATP). This energy is used to pull the actin
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Figure 4.1 Lipids, carbohydrates, proteins

 CARBOHYDRATES |——

filaments across the myosin filaments and cause shortening of the muscle. Without
adequate amounts of ATP, muscular contraction, and thus human movement,
would not be possible. Adenosine triphosphate is stored in limited amounts in
muscle cells, and its production processes occur in the cell.

The primary nutrients used for energy during exercise are carbohydrates and fats
(Table 4.1), with proteins contributing a small amount.
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Table 4.1 Body stores for fuels and energy

Untrained, Untrained, Trained,  Trained, Untrained, Trained,

kcal kjoule kcal kjoule grams grams
Carbohydrates
Liver glycogen 328 1,373.2 492 2,059.9 80 120
Muscle glycogen 1,025 4,291.4 1,640 6,866.6 250 400
Glucose in body 62 259.5 74 309.8 15 18
fluids
Total 1,415 5,924.1 2,206 9,236.3 345 538
Fats
Subcutaneous 74,000 309,838 55880 233,970 8,000 6,000
Intramuscular 465 1,946.9 2,790 11,681.2 50 300
Total 74,465  311,784.9 58,670  245,651.2 8,050 6,300
Amino acids 410 1,716.6 451 1,888.3 100 110
Proteins 6,000 7,000

Estimates based on body size of 70kg and 12% body fat (male)

55 kg = 121.254 |b
58 kg = 127.868 Ib
70 kg = 154.324 Ib
74 kg = 163.142 Ib

Carbohydrates

Stored carbohydrates provide the body with a rapidly available form of energy,
with 1 g of carbohydrate yielding approximately 4 kcal (16.74 k) of energy.
Carbohydrates exist as monosaccharides (e.g. glucose and fructose), disaccharides
(e.g. sucrose and maltose), and polysaccharides (cellulose and starch). Under resting
conditions, muscle and liver take up glucose and convert it into a storage form of
carbohydrate called glycogen. Cells store glycogen in their cytoplasm until it is
needed as an energy source. During exercise, muscle cells break down glycogen
into glucose (a process called glycogenolysis), which is used as a source of energy
for muscle contraction. Glycogenolysis also occurs in the liver, with free glucose
released into the bloodstream and then transported to the active tissues where it
is metabolized. Liver and muscle glycogen stores, however, are limited and can
become depleted within a few hours of exercise. High-carbohydrate diets tend
to enhance glycogen synthesis, whereas low-carbohydrate diets can hamper
glycogen synthesis. Unlike fats and proteins, carbohydrates are the only macro-
nutrients whose stored energy can be used to generate ATP aerobically and
anaerobically. In general, carbohydrates are used preferentially as an energy fuel
at the beginning of exercise and during high-intensity exercise (> 80% maximum
oxygen uptake (VO, max)).
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The complete oxidation of one glucose molecule muscle results in a net yield of
about 36 or 38 ATPs, depending on which shuttle system is used to transport
nicotinamide adenine dinucleotide (NADH) to the mitochondria.

Fats

Stored fat represents the most plentiful source of potential energy in the body for
prolonged exercise — fat molecules contain relatively large quantities of energy per
unit weight. One gram of fat contains about 9 kcal (37.66 kj) of energy, more than
double the energy content of carbohydrates and proteins. The quantity of lipid
stores available for energy is essentially almost unlimited (between 70,000 and
110,000 kcal, or 292,880-460,240 k), depending on the body weight and
percentage of body fat. Comparing the lipid stores with carbohydrate (glycogen)
stores, the latter are about 2% of the lipid stores. Fatty acids, which are the primary
type of fat used by muscle cells for energy, are stored in the body as triglycerides.
When needed for energy, triglycerides can be broken down through a process
called lipolysis into free fatty acids and glycerol to be used as energy substrates.
The free fatty acids will enter the mitochondria and then undergo a series of
reactions in which they are converted to acetyl-coenzyme A, a process called beta-
oxidation. From this point, the fat metabolism follows the same path as the
carbohydrate metabolism when acetyl-coenzyme A enters the Krebs cycle and the
electron transport chain (Figures 4.1 and 4.6). Although glycerol is not a direct
energy source for muscle, it can be used by the liver to synthesize glucose. Fat is
the primary source of energy during lower-intensity, prolonged periods of exercise
(> 30 minutes).

Proteins

Proteins are composed of a chain of subunits called amino acids. As a potential
energy source, each gram of proteins contains about 4 kcal of energy. In the case
of severe energy depletion, starvation, and events of unusual endurance (e.g.,
triathlons), proteins can supply up to 5-10% of the energy needed. When used
as substrates to form high-energy compounds, proteins are broken down into their
constituent amino acids. Many amino acids (primarily the branched chain amino
acids leucine, isoleucine, alanine, and valine) can be converted into metabolic
intermediates, which can enter the pathways for energy release. Some amino acids

ENERGY SOURCES

Carbohydrates stored as liver and muscle glycogen.
Fatty acids stored as triglycerides.
Proteins.
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can also be converted to glucose in the liver, through a process called gluco-
neogenesis, which can be used to synthesize glycogen.

BIOLOGICAL ENERGY SYSTEMS

There are three energy-yielding processes for the production of ATP. Each system
differs in its ability to supply energy for activities of various intensities and durations
(Figure 4.2). Quick, explosive events such as the 100-m sprint require a rapid rate
of energy, whereas longer duration, lower power events such as a marathon rely
on energy from other sources. The primary source of energy for activities and sports
between these two extremes depends primarily on the exercise intensity and
secondarily on the duration. The three metabolic pathways for generating energy
are the ATP—phosphocreatine (PCr) system or phosphagen system, the glycolytic
system, and the oxidative system.

ENERGY PRODUCTION (kJ/min)
400 A

ATP + PCr system

300 A

Glycolytic system
2001 lycolytic sy.

Carbohydrate oxidaton
100

Fat oxidation

10 1 2 10" 30" 60" 120° Log time

Figure 4.2 Biological energy systems and their interaction with power and time

Formation of ATP via the ATP—phosphocreatine (PCr) and glycolytic systems does
not require the use of oxygen, and the systems are called anaerobic (i.e., energy
produced without oxygen) pathways. Oxidative formation of ATP is an aerobic
process and requires oxygen. Although each energy system has unique charac-
teristics, at no time does any single energy system provide the complete supply
of energy.

Adenosine triphosphate-phosphocreatine system

Because the energy released from the breakdown of ATP powers all forms of
biologic activity, ATP is considered the “energy currency” of the cells. The splitting
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of ATP to ADP and an inorganic phosphate, Pi, enables the cells to generate energy
for immediate use during short-term, high-intensity activities (e.g., sprinting and
jumping) — see Figure 4.2.

ATP + H,O ADP + P, + energy

During the first few seconds of muscular activity, the ATP—PCr system maintains
ATP in the cell at a relatively constant level because cells contain another high-
energy phosphagen, PCr, in a concentration three times that of ATP. Because of
the small quantity of ATP in the muscle cells, the break down to ADP immediately
stimulates the breakdown of PCr to provide energy for ATP resynthesis. This ATP
can then be used to generate energy for muscle contraction. This reaction is
catalyzed by the enzyme creatinkinase (CK).

ADP + PCr + H + ATP + creatine
When PCr is broken down to creatine and P, the energy released is used to
combine ADP and P; back into ATP. The ATP can then be used to generate energy

for muscle action. The energy from PCr is not used directly for muscle action
because PCr does not have a receptor on the muscle crossbridges.

10 1

T

0-2.6 0-10 10-20 20-30

ATP production
(Mmol.kg'dm.s™)

Exercise time (seconds)

Figure 4.3 Rates of anaerobic ATP resynthesis form PCr hydrolysis (l) and glycosis
(O) during maximal isometric contraction in human skeletal muscle. Rates were
calculated from measurements of biopsy samples of muscle obtained during
intermittent electrically evoked contractions over a period of 30 s

Source: R. J. Maughan et al., 2000, Nutrition in Sport
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Although the ATP-PCr system provides the highest rate of energy liberation, its
capacity is limited to only 3—7 seconds. Thus, during anaerobic, short-term, high-
intensity activities, such as the shot put, long jump, and sprinting events, the
quantity of intramuscular high-energy phosphagens is of significant importance.
For example, during a 100-m dash, high-energy phosphates provide immediate
energy for the initial acceleration to maximum speed. During the second phase
of the race, when maintaining the desired speed is the goal, other energy sources
(i.e., glycolysis) may take a more important role in the energy supply (Figure 4.3).

Glycolytic system

The glycolytic system (also called glycolysis) provides the anaerobic liberation of
energy by the breakdown of glucose or glycogen via multiple enzymatically
catalyzed reactions. When glycogen stored in the liver or in the muscle is used
for energy liberation, it must first be broken down to glucose-1-phosphate in a
process called glycogenolysis. Glucose-1-phosphate must then be converted to
glucose-6-phosphate before it can be used to generate energy. The process
of glycolysis begins once glucose-6-phosphate is formed. Glycolysis is essentially
a series of enzymatically controlled chemical reactions that are used to transfer
bond energy from glucose to rejoin ADP to P, (Figures 4.1 and 4.6).

3ADP + 3P, + glucolsyl unit 3ATP + 2lactate + 2H*

Glycolytic enzymes are located in the cytoplasm of the cells, or the sarcoplasm in
muscle cells. Because of its high concentration of glycolytic enzymes and the speed
of these reactions, glycolysis can provide significant amounts of energy for muscle
action rapidly. However, glycolysis cannot supply as much energy per second as
the ATP—PCr system. The highest energy liberation from glycolysis occurs during
the first 10-15 seconds of muscle action, because acidification of muscle fibers
reduces the rate of glucose and glycogen breakdown (Figure 4.3). In addition, the
acidification of the muscle cells decreases the calcium-binding capacity of fiber,
which may further impede muscle contraction.

The capacity of the cell for anaerobic glycolysis during “all-out” physical activity
is about 1-3 minutes. Activities such as the 200-m free-style swim, 400-m sprint,
and strength-training activities with short rest periods between sets (e.g. 30
seconds) rely primarily on glycolysis for energy liberation. Anaerobic energy
systems contribute also to energy production at the beginning of less intense
exercise, when oxygen uptake kinetics lag behind the total energy demand placed
on the system.

Glycolysis produces a net gain of two molecules of ATP (three molecules if
glycogen is the substrate) and two molecules of pyruvic acid or lactic acid per
glucose molecule. If oxygen is not available, pyruvic acid is converted to lactic
acid. This reaction is catalyzed by the enzyme lactate dehydrogenase. Lactic acid
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quickly dissociates, and the salt known as lactate is formed. The major limitation
of anaerobic glycolysis is the accumulation of lactic acid in the muscles and body
fluids. If oxygen is present in the mitochondria, pyruvate can participate in the
aerobic production of ATP. Thus, glycolysis can be considered a first step in the
oxidation of carbohydrates.

Onset of blood lactate

As a result of these theoretical considerations, the concentration of lactic acid in
the muscles and in the blood can be used as a reference point for the interaction
of the aerobic—anaerobic metabolism during physical load and to optimize the
training processes. From resting values of about 1T mmol/I”", blood lactic acid may
increase during maximal physical activity to more than 25 mmol/l"". In an exercise
test with increasing workload, the blood lactate concentration (as an indirect
measure of the lactic acid produced in the working muscles) remains fairly stable
during the first few minutes of the test, because the energy demand is met
adequately by reactions that consume oxygen. Then, at a certain point, the blood
lactate concentration will increase exponentially. This can be recognized easily by
plotting the blood lactate concentration versus VO, (litre ml7; ml.kg.min™).
Although arguments exist over terminology, this point, which is called the aerobic
threshold or the first lactate turn point, is the beginning of a so-called “mixed
aerobic—anaerobic metabolism.” With increasing intensity, a second deflection
point will occur, when more lactate in the working muscle will be produced than
can be buffered or even removed. This point — as the last balance between lactate

Lactate (mmol/l)

Anaerobic Threshold

Aerobic Threshold

LOAD

M Carbohydrates

Figure 4.4 Model of the lactate performance curve and energy supply during

increasing workload
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production and removal — is also called the anaerobic threshold or the respiratoric
compensation point or the second lactate turn point. From this point, the lactate
production will increase rapidly and then lead to the end of the exercise, because
lactate will be accumulated in the muscle cells (Figure 4.4). Although arguments
exist over terminology, this point of deflection is also often called the onset of
blood lactate accumulation (OBLA). Untrained individuals reach this second
deflection point at around 50-65% VO, max, whereas endurance athletes reach
it at around 80-90% VO, max.

Factors related to this lactate accumulation include low tissue O,, reliance on
glycolysis, activation of fast-twitch muscle fibers, and reduced lactate removal.
Following endurance training near or above the anaerobic threshold level, lactate
accumulation occurs later and at higher exercise intensity. This adaptation training
will allow athletes to train at a higher percentage of VO, max with less lactate in
the blood. Although the VO, max or heart rate response of an athlete can be used
to gauge the exercise intensity at which the aforementioned adaptations may occur,
it must be emphasized that the capacity to maintain the desired exercise intensity
cannot be evaluated precisely by these procedures. The accumulated lactate is
removed faster if light activity (e.g., slow jogging) instead of rest is taken after the
exercise session.

Figure 4.5 contrasts the lactate-performance and the heart rate-performance
curves of an untrained person, a marathon runner, and a 400-m runner. The

—— Untrained ——— 400m Runner e Marathon Runner
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Figure 4.5 Lactate-performance curves of three different trained individuals
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untrained person shows a very rapid increase in blood lactate concentration from
the resting value, with increasing workload associated with rapid lactate accum-
ulation. The lactate behavior of the marathon runner is characterized by a very
distinct plateau with increasing load, which is a result of the aerobic adaptations
brought about by endurance training. The anaerobic threshold occurs at a higher
percentage of the athlete’s aerobic power. This favorable aerobic response
may be caused by a decrease in the production of lactic acid and/or a more rapid
removal rate of it at any particular level of exercise intensity. In addition, athletes
who have undergone endurance training are able to generate ATP to a greater
extent through the breakdown of fatty acids, thus conserving glycogen stores. The
400-m runner shows an earlier increase in lactate accumulation than the marathon
runner, because of their specific metabolic adaptations resulted from anaerobic
training. Anaerobic training also causes a unique adaptation, which is expressed
as a long and flatter increase in blood lactate concentration over the anaerobic
threshold of about 4 mmol/l), allowing the muscle cells to better tolerate the
acidification resulting from increasing levels of blood lactate.

Oxidative (aerobic) system

The anaerobic energy system provides energy at a high liberation rate but with
limited supply. Muscles, however, need a continuous and steady supply of energy
at rest and during lower-intensity, long-duration activities. Unlike anaerobic ATP
production, which has a high liberation rate but low capacity, the oxidative system
has lower energy-liberation rates but a tremendous energy-yielding capacity.
Thus, aerobic metabolism is the primary method of energy production during
endurance events such as the 5,000-m run.

Although the oxidative system cannot produce enough ATP per second to allow
the performance of maximal anaerobic activities, at the end of the activity aerobic
energy sources are used to replenish anaerobic sources. For example, heavy
breathing at the end of an 800-m run is used to replenish the anaerobic energy
stores. Aerobic production of ATP occurs in the mitochondria and involves the
interaction of the Krebs cycle (also called the citric-acid cycle) and the electron
transport chain. Oxygen does not participate in the Krebs-cycle reactions,
but it is the final hydrogen acceptor at the end of the electron transport chain.

BASIC ENERGY SYSTEMS

ATP-PCr system: Primarily for high-intensity activities lasting a few seconds.
Clycolysis system: Primarily for “all-out” activities lasting 1-3 minutes.
Oxidative system: Primarily at rest and during low-intensity endurance
events.
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The maximal amount of oxygen the body can produce aerobically depends on
how much oxygen it can obtain and utilize. The term maximal aerobic power, or
VO, max, reflects the rate at which oxygen can be transported by the
cardiorespiratory system to the active muscles. The oxidative system uses primarily
carbohydrates and fats as energy substrates.

Oxidation of carbohydrate

The anaerobic breakdown of blood glucose and muscle glycogen is the first step
in the metabolism of carbohydrates. In the presence of oxygen, pyruvate — the
end product of glycolysis — is converted into acetyl-coenzyme A (Acetyl-CoA),
which enters the Krebs cycle. Two ATPs are produced from guanine triphosphate
for each molecule of glucose. Six molecules of reduced NADH and two molecules
of reduced flavin adenine dinucleotide (FADH2) are also produced from the
glucose molecule. The molecules of NADH and FADH2 carry the hydrogen atoms
to the electron transport chain, where they are used to rephosphorylate ADP to
ATP, a process called oxidative phosphorylation. The complete oxidation of one
glucose molecule in skeletal muscle through glycolysis, the Krebs cycle, and the
electron transport chain results in a net yield of about 38 ATPs (note that this
number may also be reported as 36 ATPs, depending on which shuttle system is
used to transport NADH to the mitochondria).

Oxidation of fat

In contrast to carbohydrates, the fat stored inside muscle fibers and fat cells can
supply more than 100,000 kcal (418,400 kJ) of energy. However, fat can only be
metabolized in the presence of oxygen. Triglycerides, a major energy source of
fat oxidation, are stored in fat cells and within skeletal muscles. To be used for
energy, the triglycerides are broken down by enzymes known as lipases to their
basic units of one molecule of glycerol and three molecules of free fatty acids.
After entering mitochondria, free fatty acids undergo a series of reactions in which
they are converted to acetyl-CoA and hydrogen atoms, a process called beta
oxidation (Figure 4.6).

The fat metabolism then follows the same path as carbohydrate metabolism when
acetyl-CoA enters the Krebs cycle and electron transport system. The by-products
of the oxidation of free fatty acids are ATP, H,O, and CO,. Although different
fatty acids result in varying amounts of resynthesized ATP, the complete oxidation
of one (18-carbon) triglyceride molecule results in a total energy yield of about
460 ATPs. Although fats provide more kilocalories of energy per gram than
carbohydrates, the oxidation of fat requires more oxygen compared with that of
carbohydrate. During mild to moderate exercise, such as walking and in-line
skating, in which oxygen delivery is not limited by the oxygen transport system,
fat is the major energy substrate oxidized. At rest, for example, 70% of the ATP
is produced from fat and 30% from carbohydrate, whereas, during high-intensity
exercise, a majority of the energy is from carbohydrate, provided an adequate
supply is available (Figures 4.7 and 4.8).
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Figure 4.6 Complete oxidation of glucose
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Figure 4.7 Changes in the relative contributions of the basic energy system,
prolonged submaximal exercise at an intensity equivalent to about 70%
VO, max

Source: R.J. Maughan et al., 2000, Nutrition in Exercise
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TRAINING FOR PERFORMANCE AND INJURY PREVENTION

The overall objective of a sports conditioning program is to enhance sports
performance by increasing the energy output during a particular activity. Although
the specific needs of athletes involved in different sports may vary, the two basic
tenets of any training program are to identify the major energy system used in
performing a specific sport and to develop a training program that “overloads”
that system. To perform well, athletes must train at a level that typically exceeds
the amount required for health enhancement. An appropriate sports conditioning
program, which includes exercise training and adequate recovery, can improve
sports performance, increase resistance to sports-related injuries, and enhance
motivation for training. Although total elimination of sports-related injuries is an
unrealistic goal, regular participation in a conditioning program, particularly during
off- and pre-seasons, will likely enhance a healthy athlete’s resistance to injury,
and lessen the risk of overuse and severity of injury. This recommendation is
particularly important for aspiring young female athletes, who are at greater risk
for knee injuries.

An athlete’s response to training is variable and depends on many factors, including
age, health status, diet, genetics, and initial fitness level. One of the most influential
factors is the initial fitness status of the athlete. In general, athletes who are less
conditioned make greater gains than those who begin the training program at a
higher level of fitness. For example, after several months of training, sedentary
adults may improve their aerobic fitness by more than 50%, whereas conditioned
athletes may improve by only 3% over the same period of time. However, that
3% improvement may be the difference between getting first place and failing to
make it to the final round.

FUNDAMENTAL TRAINING PRINCIPLES

Specificity.
Overload.
Progression.
Supercompensation.
Reversibility.
Tapering.
Periodization.

Fundamental training principles

The development of effective training programs requires an understanding of
fundamental training principles, specific types of training, and individual goals.
Physicians and coaches must also be cognizant of the physical and psychological
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uniqueness of the young athlete. The intensity and volume of most training
programs for adults are inappropriate and potentially injurious for children and
teenagers, who are still undergoing changes associated with growth and
development. The principles of training include specificity, overload, progression,
supercompensation, reversibility, tapering, and periodization.

Specificity

Specificity implies that the body’s acute and chronic responses and adaptations
to exercise training are metabolically and biomechanically specific to the type of
exercise performed and the muscle groups involved. When a muscle performs
endurance exercise, the number of capillaries and mitochondria increases, which
enhances the capacity of the muscle to produce energy aerobically; but, when a
muscle performs heavy strength exercise, the primary adaptation is an increase in
the number of contractile proteins. This is referred to as the specific adaptation
to imposed demand (SAID) principle. Knowing the specific metabolic profile of a
sport or activity is important, because, for example, increasing the aerobic power
of a sprinter or weightlifter, while neglecting the training of anaerobic power, is
of little benefit to the athletes. Aerobic training may in fact reduce speed and
power-related performance capabilities in athletes training for anaerobic sports.

In addition, the principle of specificity refers also to the concept that individuals
respond differently to the same training stimulus. This variability of the training
response, known as high or low responder — respectively, fast or slow responder
— maybe influenced by such factors as pretraining status, fitness level, genetic
predisposition, and gender.

Overload

The overload principle is based on the need to train the body at a level beyond
that to which it is normally accustomed. Overload refers to a level of training above
which there is a sufficient training stimulus for chronic adaptations to occur. The
amount of overload necessary to elicit a training adaptation depends on the training
state of an individual, meaning that an untrained individual needs a very little
overload stimulus to improve the performance, whereas an athlete needs to be
stimulated with a mix of higher impacts. Overload can be achieved by increasing
the frequency, intensity, or duration of exercise.

Adaptations occur when the muscles and physiological systems are no longer
overloaded, at which point an otherwise well-designed training program becomes
less effective.

Progression

As an athlete adapts to a training stimulus, the exercise load (i.e., intensity,
duration, and/or frequency) must be increased so that improvements will continue.
The training program can be progressed by increasing the load lifted, training
frequency, quality and quantity of drills, or exercise stimulus. However, too great
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an overload may overstress the physiological systems and increase the risk of sports-
related overuse injuries and exercise burnout. The training program that provides
an adequate overload stimulus without overstressing the body is optimal. This is
important for non-athletes as well as athletes, and the importance of training the
muscles and physiological systems while providing adequate time for recovery and
adaptation must be stressed.

Supercompensation

The principle of supercompensation is also called stimulus—fatigue-recovery—
adaption (SFRA). That means that an appropriate stimulus will cause some level
of fatigue, recovery, and then an adaption in a way that performance can be
improved. The amount of recovery required after a training session is directly
related to the magnitude and duration of the exercise stress. During the recovery
period, the restoration process is not stopped once the pre-work-out level is
reached, but will progress to an even higher level, which is often called over-
compensation or supercompensation. To achieve the most effective improvement
in performance capacity, the next training session should commence during this
phase. One of the challenges of prescribing training programs is properly balancing
the overload and the regeneration period.

Reversibility

Adaptations to regular exercise training begin to return to pre-exercise values when
the exercise stimulus is removed. After several weeks of detraining, negative
changes in strength and aerobic endurance may be noticed. However, training-
induced gains in strength and power seem to diminish at a slower pace compared
with gains in aerobic endurance. Under conditions of forced inactivity (e.g., bed-
rest), decreases in performance are rapid and significant under these conditions,
e.g. VO, max can be decreased by 25-30% after three weeks. It is evident that,
after a detraining period, both low-, moderately, and highly trained individuals
have a more rapid rate of gain after returning to training. However, it is widely
accepted that muscle atrophy caused by injury or after an operation will recover
in a proportion of 3:1, meaning that an athlete who misses one week of training
requires three weeks to return to the same level.

Tapering

Peak performance requires maximal physical and psychological stress tolerance.
After periods of intensive training, the athlete’s exercise tolerance and performance
capacity may start to decrease. Coaches may therefore reduce the training load
during a variable period of time, in a progressive, non-linear way, before the next
training cycle or a major competition. This practice is referred to as tapering, which
may increase muscle power, enhance athletic performance, and decrease the risk
of overtraining. The length of a tapering period and the training programs depends
on the specific sport, the purpose of the taper, the specific period in a training
year, and individual needs. Tapering is an effective training method, and athletes
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should not be worried about reducing their training volume for several days before
an athletic competition.

Periodization

Periodization is a planned variation in the training program. The underlying
concept of periodization relates to Selye’s general adaptation syndrome, which
proposes that, when confronted with a stressor (e.g., exercise), the body will go
through the following three stages: shock, adaptation, and staleness. In the latter
phase, performance may reach a plateau or decrease. Without a planned variation
in the training program, which includes periods of adequate rest, athletes may
lose motivation or be overtrained. Periodization allows the training stimulus to
remain fresh and therefore can be used to combat staleness, overreaching, and
overtraining. The classic model of periodization divides the training program into
specific periods of time. In general, a macrocycle is about one year, a mesocycle
about three or four months, and a microcycle about one to four weeks. Depending
on the number of athletic competitions within a given year, the phases have to
be matched with the needs and goals of individual athletes.

A yearlong periodization model generally comprises several mesocycles, which
begin with high-volume, low-intensity exercise and gradually progress to lower-
volume, higher-intensity training during each of the following mesocycles. Although
the names of each phase may differ, the traditional cycle includes the following
four mesocycles: (1) preparatory phase; (2) first transition phase; (3) competition
phase; and (4) second transition phase or recuperation phase. The last phase
consists of low-volume, low-intensity training, or some other types of light physical
activity. The goal of the second transition phase is to allow for physical and
psychological recovery. In short, periodization involves variations in the training
stimulus to optimize gains in performance and reduce the risk of staleness and
overtraining. Although this does not mean that new exercises should be performed
every training session, noticeable changes in the volume and intensity of training
should be made every few weeks.

Exercise guidelines

The design of a training program should be based on many factors, including age,
initial fitness level, health status, and individual goals. The amount of gain in
strength and aerobic endurance is related to the genetic potential of an individual.
A deconditioned person who starts training will make great gains in fitness because
of the large adaptational potential that exists. It is therefore not surprising that many
different types of training program can enhance the fitness of untrained individuals.
However, as training progresses and the individual approaches his/her genetic
potential, fitness gains decrease, and it becomes more challenging to continually
enhance performance. Thus, expected training outcomes must be kept in
perspective when working with different populations. Clearly, training for peak
performance is quite different from training for optimal health.
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Most endurance events rely heavily on oxidative metabolism for energy production,
whereas other activities, such as the 400-m swim, require important contributions
from anaerobic glycolysis, and sports such as weight lifting rely primarily on energy
from the ATP-PCr system. However, even in events such as the marathon, runners
may need to rely on anaerobic metabolism during the final “kick” to the finish
line. When designing a training program, it is important to consider the relative
contributions of the aerobic and anaerobic energy pathways to sports performance.
For example, the overall design of a training program may need to be re-evaluated
if prolonged periods of aerobic training diminish gains in muscular power (e.g.,
jumping height of basketball players). In addition, the importance of training in
sport technique, adequate warm-up, cool-down activities, and recovery strategies
should not be overlooked. When designing a training program, every coach must
use exercise prescriptions based on the four primary program design variables:

Training frequency: the number of training sessions per day or per week,
depending on the sport discipline, the training status, and the specific sport
season. The training frequency will depend on the interaction of training
intensity and duration.

Training intensity: should be calculated from an exercise test (e.g., heart rate
or intensity from a stress test in the lab or a field test). There is always an
interaction of training intensity and training duration, meaning, in general, the
higher the exercise intensity, the shorter the exercise duration.

Training duration: time of a training session.

Training mode: type of a specific physical activity performed by the athlete.
That means that all the other three program design variables must be
accommodated to the specific type of exercise, e.g., cycling, running, rowing,
skiing, cross-country running, etc.

Aerobic training

Aerobic training programs generally involve activities of the large muscle groups,
such as in running, swimming, rowing, and cycling. Successful endurance
performance depends on several factors, including a high level of VO, max, a high
lactate threshold, a high percentage of Type 1 (slow-twitch) muscle fibers, effec-
tive use of fat as a fuel source, and good exercise economy. When appropriate
principles of aerobic training are followed, physiological adaptations in the cardio-
respiratory and musculoskeletal systems will result. These adaptations include
enhanced oxygen exchange in the lungs, increased cardiac output, enhanced
blood flow to skeletal muscles, increased arteriovenous oxygen difference, and
increased concentrations of capillaries, mitochondria, myoglobin, and oxidative
enzymes in the trained skeletal muscles. In general, to improve aerobic endurance
capabilities, an individual should exercise 20-60 minutes for three to five days
per week, at an intensity corresponding to between 55/65 and 90% maximum
heart rate, and between 40/50 and 85% of oxygen uptake reserve (i.e., the
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difference between VO, max and resting VO,) or heart rate reserve. The range of
exercise intensities for enhancing aerobic fitness is broad, reflecting the wide range
of intensities that may be used to enhance aerobic fitness in deconditioned
individuals and highly trained athletes. Sedentary individuals tend to enjoy con-
tinuous aerobic activities, such as walking, at a relatively low intensity (e.g. 20
minutes at 55-65% maximum heart rate), and it is suggested that a more realistic
goal for these individuals is a target range of 150-400 kcal (627.6-1673.6 k) energy
expenditure per day in exercise activities. Highly trained athletes need to exercise
at intensities at the high end of the continuum to further enhance their aerobic
endurance. To maximize gains in performance, athletes should engage in activities
that mimic the movement pattern of the targeted sport. A limitation of continuous
training is that the intensity level may be lower than that during competition.

Other types of aerobic endurance training program, including pace/tempo training,
interval training, and fartlek training, can be used for specific outcomes.
Pace/tempo training involves training at an intensity at, or slightly higher than, the
race pace. Pace/tempo training can be performed at a steady pace or using tempo
intervals. This type of training allows the athlete to develop a sense of race pace
and enhances the body’s ability to sustain this exercise intensity. Interval training
refers to a type of exercise that involves intense work-out bouts of between 30
seconds and 5 minutes, which are followed by predetermined rest intervals.

SUMMARY OF AEROBIC TRAINING GUIDELINES

3-5 days per week.
20-60 minutes.
60-90% maximum heart rate.

The proposed work-to-rest interval is about 1:1 for the oxidative system, and about
1:2 or 1:4 for anaerobic glycolysis. Interval training allows athletes to train at
intensities close to their VO, max for prolonged periods of time. Fartlek training
literally means “speed play.” This type of aerobic conditioning involves training at
different exercise intensities (e.g., a run at a comfortable pace combined with hill
work or short sprints). Although not as systematic or quantifiable as continuous
training or interval training, fartlek training can be used to develop a good basis
for more intense conditioning, and it also helps to reduce boredom and provides
a certain “freedom” during long training sessions.

Fundamentals of fitness training

Despite the training recommendations for athletes, there is a strong consensus
about the importance of the relationship between physical activity, health, and
well-being. This is based on an accumulation of epidemiological research over the
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past several decades. Based on that, the Centers for Diseases Control and
Prevention and the American College of Sports Medicine recommend a level of
at least 30 minutes of moderate-intensity physical activity each day. In addition,
as a basis for individual fitness training, the President’s Council of Physical Fitness
and Sports published the following “Fitness Fundamental Guidelines for Personal
Exercise Programs”:

Cardiorespiratory endurance training: at least five 30-minute bouts of
continuous aerobic exercise each week, e.g., walking, Nordic walking, jogging,
cycling, cross-country skiing, swimming, etc.

Muscular strength training: a minimum of two 20-minute sessions per week,
including exercises for all the major muscle groups.

Muscular endurance training: at least three 30-minute sessions each week,
including exercises such as push-ups, sit-ups, pull-ups, and weight training for
all the major muscle-groups.

Flexibility training: 10-12 minutes per day stretching exercises, which can also
be included partly in a warm-up or cool-down period. Each work-out should
begin with a warm-up, e.g., 5-10 minutes of exercise such as walking, slow
jogging, knee lifts, arm circles, or trunk rotations, and should end with a cool-
down, e.g., 5-10 minutes of slow walking, low-level exercise combined with
stretching.

Anaerobic training

Anaerobic training refers to many different types of conditioning, including sprint
work-outs, stair running, plyometrics (stretch-shortening cycle activities), and
strength training or resistance training. This type of training enhances speed,
strength, and power and relies primarily on the two anaerobic energy sources,
namely the ATP-PCr and the glycolytic systems. Anaerobic training that focuses
on the ATP—PCr system typically involves relatively intense work intervals of under
10 seconds and adequate recovery between sets, so that lactate does not
significantly accumulate. Glycolytic conditioning is characterized by less-intense
work intervals and shorter rest periods. For example, strength training with a
heavy weight (three repetitions at 90% of the 1 repetition maximum (RM)) and
resting 3 minutes between sets relies more on the ATP—PCr system, compared with
strength training with moderate loads (12 repetitions at 60% of 1 RM) and resting
T minute between sets, which relies more on the glycolytic system. Although
aerobic metabolism is not typically involved in sustaining these training activities,
this energy system is important for recovering energy stores. Physiological adapta-
tions to regular anaerobic training include increases in myofibrillar protein content,
anaerobic enzyme activity, metabolic energy stores (e.g. glycogen and phospha-
gens), and connective-tissue strength. Important adaptations occur within the
central and peripheral nervous systems, which further aid in the specific activation
of motor units to enhance force and power production.
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Among the various types of anaerobic training, most athletes include strength
training as part of their training program. For the purpose of this chapter, strength
training is defined as a specialized type of conditioning that involves the progressive
use of resistance to increase one's ability to exert resisting force. This term should
be distinguished from the sports of weight lifting and power lifting, in which athletes
attempt to lift as much weight as possible in competition. The design of a strength-
training program can be complex and requires the manipulation of the following
five acute program variables: choice of exercise, order of exercise, number of sets,
resistance used, and rest periods between sets and work-outs. By manipulating
these variables, an almost infinite number of strength training protocols can be
created. Depending on the needs and abilities of athletes, different strength-training
programs can be used to optimize gains in strength and power. The use of only
one training system over prolonged periods of time will inevitably lead to less than
optimal gains, plateaus in progress, or overtraining. Manipulating the acute program
variables over time will help optimize gains in performance, reduce the likelihood
of injury, and enhance motivation. Basic recommendations for strength training
include:

a training frequency of at least two or three times per week, with adequate
rest between training sessions;

warm-up activities before strength training;

multijoint and Olympic-style lifts with free weights (barbells and dumbbells),
and isolated movements on weight machines;

multiset training protocols to enhance muscle performance and training
adaptations;

functional exercises for the “core” musculature (i.e., hips, abdomen, and lower
back);

periodized training to enhance performance and decrease risk of overtraining;
and

a safe training environment and qualified instruction.

Four major types of strength training system — isometrics, isokinetics, dynamic
constant external resistance, and plyometrics — are discussed below.

Isometric training

Isometric or static training refers to exercises that involve muscle actions without
changing the muscle length. Isometric training, which can be performed any-
where with little or no equipment, became popular in the 1950s. Isometrics
can be performed by pushing against an immovable object, or by having a weak
muscle contract against a stronger muscle; these can be incorporated into rehabil-
itation programs to counteract strength loss and muscle atrophy. A major limita-
tion of isometric training is that strength gains are specific to the joint angle used
during training. Strength gains can be carried over to a small degree of up to about
20° on either side of the trained joint angle, and isometric training at several
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different joint angles can increase strength throughout the entire range of motion
(ROM).

Athletes can use isometric training to increase muscle strength within the ROM
where the mechanical advantage is the lowest (i.e., the “sticking point”). Isometric
training at a specific joint angle, however, will not enhance motor performance
ability.

Isokinetic training

Isokinetics refers to dynamic muscle actions performed at a constant angular
velocity. Unlike other types of strength training, the velocity of movement during
an isokinetic exercise is controlled mechanically with the aid of an isokinetic
machine, which matches the force produced by the muscle group throughout the
entire ROM. It is theoretically possible to exert a continual, maximal force
throughout a full ROM. Isokinetic training is relatively safe and results in little or
no muscle soreness; this may be owing to the fact that most isokinetic devices do
not require eccentric muscle actions. Isokinetic training can increase muscle
strength and improve motor performance skills such as sprinting and jumping; the
optimal training speed, nevertheless, is controversial.

Dynamic constant external resistance training

Dynamic constant external resistance (DCER) training refers to muscle actions
performed concentrically and eccentrically with a constant external load. Although
the term isotonic has been used to describe free-weight (i.e., barbells and
dumbbells) and weight-machine exercises, this term is technically incorrect,
because the force exerted by the muscle during these exercises varies with the
mechanical advantage of the joint. The term DCER better describes the type of
training in which the weight being lifted is constant. DCER training has been proven
to enhance muscle strength and power and can result in significant positive changes
in motor performance skills. The fact that traditional DCER training with a
concentric and eccentric muscle action is more effective than concentric-only
training suggests that the eccentric component of DCER s particularly important.
Because eccentric force output is greater than concentric force output, in an
attempt to optimize strength gains, some athletes may perform eccentric training
(also called negative training) with loads up to 120% of their concentric T RM. A
disadvantage of eccentric training is the development of post-exercise muscle
soreness. A spotter is also required to assist with eccentric training.

Compared with training on weight machines, more time is required to learn proper
exercise techniques in DCER training, such as the squat and bench press. Also,
appropriate spotting procedures need to be followed in DCER training. Common
DCER strength training protocols are circuit training, pyramid training, forced
repetition training, and super set training.

Circuit training: Circuit training consists of a series of strength exercises
performed with minimal rest (about 30 seconds or less) between each set of
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exercises. This type of training is time efficient, and, in addition to increasing
muscle strength, circuit training may also enhance cardiovascular fitness in
sedentary individuals. A circuit-training program usually consists of at least
10 exercises performed for 10-15 repetitions, with loads of approximately
40-60% of 1 RM.

Pyramid training: Pyramid training is one of the more effective methods of
increasing muscle strength. The design is typically a light-to-heavy (ascending
pyramid) mode of training, in which the athlete progresses from a light load
to a heavier load while decreasing the number of repetitions performed for
each set, continued until only one to three repetitions are performed. Other
variations of pyramid training (e.g., heavy-to-light, or descending pyramid)
have also proven to be effective.

Forced repetition training: This type of training is an extension of the pyramid
training system and is popular among strength athletes. After a set is performed
to exhaustion, a spotter assists the lifter by providing just enough assistance
for the performance of two to three additional repetitions. Forced repetition
training forces the muscle to continue working when it is fatigued. This method
of training may result in muscle soreness and is not recommended for
beginners.

Super set training: The super set system involves several sets of two exercises
for the agonist and antagonist muscle groups, with minimal rest between sets.
One example of this type of training is knee extensions immediately followed
by knee curls. Another method of super-setting involves performing one set
of different exercises for the same muscle group (e.g., bench press and
dumbbell fly for the chest). This type of training results in significant gains in
strength, local muscular endurance, and muscle hypertrophy.

SUMMARY OF STRENGTH TRAINING GUIDELINES

At least two or three days per week.
Perform multiset training protocols.
Include functional, multijoint exercises.

Plyometric training

Plyometric training, also known as stretch—shortening cycle exercise, refers to
activities that allow the muscle to reach maximal force in the shortest possible
time. This type of training is often used by track and field athletes to develop
explosive strength and power. Plyometric training involves a quick, powerful
movement using a pre-stretch or countermovement that involves the stretch—
shortening cycle. The slight stretch before the action of concentric muscle stores
elastic energy and results in a more forcible action of the concentric muscle.
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This type of training may also facilitate the recruitment of additional muscle fibers
involved in the movement. Traditional heavy strength training characterized by
slow-velocity movements does not necessarily improve the force development at
rapid movement, which is required in events such as the discus and high jump.

The potential effects of plyometric training are noticeable in jumping ability.
If the jumper bends at the knees and the hips immediately before jumping
(countermovement), he/she will jump higher than if the jump were performed from
the bent knee position held for 3-5 seconds (no countermovement). Plyometric
exercises can be performed for the upper and lower body using medicine balls
and jumping drills and are often categorized as low intensity (e.g., squat jump),
medium intensity (e.g., double leg tuck jump), or high intensity (e.g., depth jump).
Because of the stress placed on the muscles involved, connective tissue, and joints,
plyometric exercises need to be carefully prescribed and progressed. Athletes must
understand proper plyometric exercise technique and have a sufficient base of
muscular strength, speed, and balance to avoid the risk of injury.

Flexibility training

Flexibility refers to the ROM of a joint or combination of joints. Flexibility train-
ing can enhance athletic performance, improve posture, and decrease muscle
tension and body stiffness. Exercises designed to enhance flexibility should be
preceded by at least 5-10 minutes of general warm-up (e.g., slow jogging)
to increase heart rate, blood flow, deep muscle temperature, viscosity of joint
fluids, and perspiration. In flexibility training, athletes typically perform 8-12 sport-
specific stretches or movements. After practice and competition, flexibility exercises
may help to decrease muscle stiffness. Four different types of flexibility training
are static stretching, dynamic stretching, ballistic stretching, and proprioceptive
neuromuscular facilitation (PNF):

Static stretching

This type of stretching involves relaxation and elongation of the stretched muscle.
Static stretching is performed slowly, and the end position of each stretch is held
for about 20-30 seconds. This type of stretching is easy to learn, and, because it
is performed slowly, the likelihood of injury is reduced. Static stretching following
practice and competition may be preferable for strength and power athletes. A
sitting toe-touch is an example of a static stretch.

Dynamic stretching

Dynamic flexibility refers to the available ROM during active movements. Dynamic
stretching involves movements that are specific to a sport or movement pattern.
A soccer player performing long walking strides to stretch the hip flexors to enhance
flexibility of the hip joints is an example of a dynamic stretch. This type of pre-
event activity may augment subsequent performance. Although these stretches
utilize speed of movement, they do not involve bouncing.
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Ballistic stretching

This type of stretching involves bouncing-type movements and is sometimes used
in the pre-exercise warm-up. However, because of the nature of these exercises
(i.e., high force and quick movements), ballistic stretching may injure muscles and
connective tissue. For example, if an athlete sits on the floor with legs extended
and repeatedly bounces while reaching toward both ankles, the high force and
quick movements may injure the lower back and hamstrings. Ballistic stretching
is not a preferred method of flexibility training.

Proprioceptive neuromuscular facilitation

PNF training is usually performed with a partner and involves both passive move-
ments and active (concentric and isometric) muscle actions. There are different
types of PNF stretching, but it typically involves a passive pre-stretch of the
involved muscle, a contraction against opposition, and, finally, relaxation and
further stretching. Common PNF stretches with a partner are used to enhance ham-
string, quadriceps, and chest flexibility. Because it facilitates muscular inhibition,
PNF stretching is a very effective method of enhancing flexibility.

SUMMARY OF FLEXIBILITY TRAINING GUIDELINES

Warm up before stretching with submaximal aerobic activity.
Perform flexibility exercises for all the major muscle groups.
Perform 8-12 stretches or dynamic movements.

Hold static stretches for 20-30 seconds.

Overtraining and overreaching

In an attempt to induce training adaptations and improve performance, athletes
expose themselves to planned periods of intensive training. However, if intensive
training is not followed by adequate rest and recovery, overtraining or overreaching
may result. Burnout, staleness, over-fatigue, and unexplained underperformance
syndrome (UPS) are some other terms used to describe a plateau or decrease in
performance because of excessive training. Overtraining is caused by training
errors (e.g., inappropriate rate of training progression, prolonged monotonous
training, inadequate periods of rest and recovery, or failure to taper training before
competition). When the effects are short term, overtraining is called overreach-
ing. Overtraining syndrome refers to the conditioning results from overtraining.
Whereas recovery from overreaching can be achieved with a few days of rest,
overtraining syndrome can last as long as 6 months. Two distinct types of over-
training are sympathetic overtraining syndrome, which includes increased
sympathetic activity at rest, and parasympathetic overtraining syndrome, which
includes increased parasympathetic activity at rest.
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Susceptibility to overtraining may increase when an athlete is highly motivated
but has failed to plan long-term training schedules to achieve specific goals.
Manifestations of overtraining include increased or decreased resting heart rate,
decrease in body mass, muscle tenderness, increased risk for infection, loss of
appetite, sleep disturbances, chronic fatigue, psychological staleness, persistent
flu-like symptoms, and a decrease in performance. An overtrained athlete may
exhibit one or more of these symptoms, and markers of overtraining in endurance
athletes may be different from those in athletes involved in anaerobic sports (e.g.,
weight lifting). Unfortunately, performance decrements typically occur too late to
be a good marker of overtraining, and an inexpensive, sensitive gauge of over-
training applicable to all athletes is not yet available. Although many parameters
of overtraining have been evaluated (e.g., the ratio of total testosterone to cortisol,
creatine kinase levels, nocturnal urinary atecholamine excretion, blood lactate
profiling, and abnormal T-wave patterns in the electrocardiogram), none of these
factors is able to confirm the diagnosis of overtraining syndrome. By the time a
coach realizes that an athlete has been pushed too far, it may already be too late.

The best “treatment” for overtraining syndrome is prevention. Training programs
need to be carefully prescribed, and athletes should be provided with ample
opportunity for rest and recovery. As a general rule, a hard training session should
be followed by one or two days of less-intense training and adequate recovery.
One of the advantages of a periodized training program is that time for physical
and mental recovery is incorporated into the training plan. Too much training for
too long a duration is a key factor in the development of overtraining syndrome.
Periods of reduced training can provide time for the cardiovascular and
neuromuscular systems to recover from the stresses of regular training.

Overtrained athletes usually recover faster from complete rest than from a reduced
training level. However, if the rest period lasts several weeks, training-induced
adaptations will decline, and performance expectations may therefore need
to be modified. Medical examinations, nutritional guidance, and psychological

MARKERS OF OVERTRAINING

Increase or decrease in resting heart rate.
Decreased body mass.

Muscle tenderness.

Loss of appetite.

Disturbances.

Chronic fatigue.

Psychological staleness.

Flu-like symptoms.

Decreased performance.
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counseling should also be part of the recovery process. Physicians should get to
know their athletes and their individual tolerance for sports training. Training
programs for athletes need to be based on knowledge of exercise science and
consideration of individual needs and goals. Athletic training programs should be
designed to improve athletic performance, reduce the risk of injury, and enhance
the potential for adherence to life-long physical activity programs. As it takes years
of training to achieve high-level performance, training should be viewed as a
gradual process, and athletes should be provided with adequate time for rest and
recovery. The art and science of training athletes involve modifying the training
program to maintain an effective training stimulus, while recognizing individual
differences in motivation and stress tolerance.
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CHAPTER 5

SPORT NUTRITION

Norbert Bachl and Debra Wein

Nutritional recommendations for an athlete must take into consideration the
specific energy requirements of the sport in question and the daily training
volume, age, gender, and dietary preferences of the athlete. There is no single
diet for optimal physical performance, but every diet should address the energy
needs, macronutrient composition, micronutrient intake, and fluid balance of the
athlete.

ENERGY NEEDS

The total daily energy requirement for athletes participating in endurance, strength,
and team sports is between 2,500 and 4,000 kcal (10,460-16,736 kJ) for women
and 3,000-6,000 kcal (12,552-25,104 kJ) for men. For less active individuals aged
18 to 35 years, the daily energy requirement is approximately 1,800-2,100 kcal
(7,531.2-8,786.4 kJ) for women and 2,200-2,500 kcal (9,204.8-10,460 kJ) for
men. The energy requirement may be even higher during growth, and there is a
slight decrease with advancing age.

Certain activities require a larger energy intake during competition or periods of
high-volume/intensity training. Saris reported an average energy expenditure of
approximately 6,500 kcal (27,196 k)) per day for nearly three weeks during the
Tour de France, with daily variations between 3,000 kcal (12,552k]) for a rest day
and 9,000 kcal (37,656 kJ) when cycling over a mountain pass. Energy
requirements for elite cross-country skiers can exceed 5,000 kcal (20,920 kJ) for
women and 8,000 kcal (33,472 kJ) for men during high-volume training. During
the Race Across America, male competitors need more than 14,000-16,000 kcal
(58,576-66,944 kJ) per day when cycling 22-23 hours a day at an average speed
of 29-31 km/h.

On the other hand, there are groups of athletes such as gymnasts, ballet dancers,
and ice dancers, as well as certain weight-class athletes such as boxers, wrestlers,
and participants of judo who must strive to maintain a low body mass and are
therefore more likely to take in too few calories for their activity. In such situations,
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Table 5.1 Equations for calculation of RMR in kcal/d (Burke, 2007)

Harris—Benedict (1919)

Male: RMR (kcal) = 66.47 + 13.75 (body mass in kg)
+ 5 (height in cm)
— 6.76 (age in years)

Female: RMR (kcal)

655.1 + 9.56 (body mass in kg)
+ 1.85 (height in cm)
—4.68 (age in years)

Table 5.2 Representative values for activity factor (Burke, 2007)

Activity category Per unit of time
of activity
Resting RMR x 1.0

Sleeping, reclining

Very light RMR x 1.5

Seated and standing activities, painting trades,
driving, laboratory work, typing, sewing, ironing,
cooking, playing cards, playing a musical
instrument, billiards

Light RMR x 2.5

Walking on a level surface at 2.5-3 mph,
garage work, electrical trades, carpentry,

restaurant trades, tennis, ten-pin bowling,
tennis (leisurely pace)

Moderate RMR x 4.0
Walking 3.5-4 mph, weeding and hoeing,
carrying a load, cycling (slow), skiing, dancing,
cricket, horse-riding, sailing, swimming (slow),
stretching, tennis (moderate)

Strenuous RMR x 7.0

Jogging/running (7 km/h), tennis (fast pace),
ice/roller skating, swimming (moderate pace),
gymnastics, aerobic, basketball, football,
squash, weight training, walking uphill with a
load, soccer

Very strenuous RMR x 10.0

Swimming (race pace), rowing (race pace),
cycling (race pace), squash (fast pace),
running (10-15 km/h)
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Table 5.3 Methods for dietary assessments (Dunford, 2006)

Method Coverage Advantage Disadvantage
Dietary history ~ All items Long-term perspectives — Time consuming
orselected  of dietary habits — Skilled interviewer needed
items individual data — Memory demanding
— Quantitative data difficult
to obtain
— Variations in dietary habits
lost
24-hr recall All foods Relatively rapid and — Selection of interview day
simple critical
- Quantitative data difficult
to obtain
— Skilled interviewer needed
Food Only listed ~ — Rapid and simple — Restricted number of food
frequency food items — Easy to computerize items
questionnaire — Large groups covered — Memory demanding
(FFQ) by mail — No direct contact with
interviewer
Weight food Al foods Exact data on nutrient ~ — Dietary intake may be
diary content possible (not affected

dependent on accuracy - Resource demanding
of food tables) — Requires reliable equipment
— Collaboration necessary

where energy intake falls below the energy requirement, the result is a relative
state of malnutrition with respect to micronutrients. Female gymnasts sometimes
consume fewer than 1,200 kcal (5,020.8 kJ) per day, which may result in an
especially low intake of micronutrients such as vitamins B,, C, E, and folate, and
minerals, including iron, magnesium, calcium, and zinc, and contribute to the
female athlete triad. In addition to nutrition counseling regarding energy needs
and performance, nutritional supplementation might be beneficial to these athletes.

Measurement of total daily energy expenditure:

indirect calorimetry;

doubly-labeled water;

predicting total daily energy expenditure by multiplying resting metabolic rate
(RMR) by an appropriate activity factor (Tables 5.1 and 5.2).

To evaluate/control the present energy intake and nutritional status of an athlete,
there are various methods of assessment to choose from (Table 5.3).
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MACRONUTRIENT COMPOSITION

MACRONUTRIENT COMPOSITION
Diets rich in whole grains, vegetables, and fruits (high-carbohydrate foods):

help prevent disease;
maintain body weight;
optimize athletic performance.

Optimal nutrition includes a plant-based diet that is high in carbohydrate (55-60%
of total calories), low in fat (< 30% of total calories), and adequate in protein
(10-15% of total calories). Decades of research support that diets rich in whole
grains, vegetables, and fruits (i.e. high-carbohydrate foods) help prevent disease,
maintain body weight, and optimize athletic performance. Despite the popularity
of fad diets, there is still no substantial evidence that supports a change in that
recommendation. A carbohydrate-deficient diet would, in fact, deplete muscle
and liver glycogen rapidly and compromise the capacity for both high-intensity
anaerobic and long-duration aerobic exercise.

Carbohydrate recommendations can also be given in relative terms, such as grams
of carbohydrates per kilogram of body weight. Most athletes need a carbohydrate
intake of 4-6 g/kg body weight per day. A carbohydrate need of 70% of the

M Proteins [ Fats [ Carbohydrates

120%
100% -

80% A

32 27 =

60% - 36

40% A

20% 43 >0

O% T T T
Strength Power Strength/endurance Endurance

Figure 5.1 Contribution of proteins, fats, and carbohydrates to energy metabolism
during various intensities of exercise
Source: From McArdle, Katch et al., 2009
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daily energy intake (such as in a carbohydrate loading program, explained below)
increases the amount to up to 7-8 g/kg body weight per day. When endurance
training is particularly intense, or during special competitions of longer duration,
a carbohydrate intake of 9-10 g/kg body weight per day may be necessary
(Figure 5.1).

Carbohydrates are core

Carbohydrates are what the body relies on most for fuel during exercise, and the
amount stored in the body will directly affect the athlete’s stamina and endurance.

Carbohydrates are stored in limited amounts as glycogen in muscles and the liver.
The muscle glycogen is the fuel for the muscles, whereas liver glycogen maintains
a normal level of blood sugar to fuel the brain. Training and eating properly can
increase glycogen stores.

Adequate carbohydrate intake is especially important for endurance athletes,
because stored glycogen provides substantial energy during prolonged bouts of
aerobic exercise. High carbohydrate intakes are also important for anaerobic
training, as the body uses carbohydrates exclusively during very-high-intensity activ-
ities, and muscle glycogen depletion can occur. An understanding of the different
types of carbohydrate and how the body metabolizes them will help explain the
benefits of a high carbohydrate diet.

CARBOHYDRATES ARE CORE

Carbohydrates are what the body relies on most for fuel during exercise.
The amount of carbohydrates stored in the body directly impacts stamina
and endurance.

Complex versus simple carbohydrates

Carbohydrates have traditionally been categorized as either simple or complex,
based on their molecular weight. Simple carbohydrates include the common
monosaccharides and disaccharides, such as glucose, fructose, sucrose, and galac-
tose, which can be found in sweets and candies. Simple carbohydrates are also
produced naturally in fruits and vegetables. Complex carbohydrates are poly-
saccharides, which include the digestible starches (pasta, bread, cereal, legumes,
and starchy vegetables) and indigestible fibers.

Fiber

Fiber is defined as “plant cellular material resistant to digestion by human beings”
and can be further classified as soluble, such as hemicellulose (bran, cereals, whole
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grains such as bulgur or brown rice), pectin (apples, citrus fruits, strawberries),
and gums (oatmeal, dried beans, other legumes), or insoluble, such as cellulose
(whole-wheat flour, bran, cabbage family, celery, peas, beans, root vegetables)
and lignin (mature vegetables, wheat). Complex carbohydrates from “whole” foods
such as whole-wheat bread, brown rice, fruits, and vegetables provide the fiber
needed to keep the digestive tract running smoothly, as well as keeping a better
balance of vitamins and minerals than the highly refined simple sugars. The 2010
Dietary Guidelines for Americans recommend at least 25 grams of fiber a day for
women and 38 grams a day for men as part of a healthy diet, versus the 12-14
grams that the average American eats every day.

The glycemic index

More recently, carbohydrates have been looked at in relation to their glycemic
effect, using properties such as texture, structure, and absorption rate rather than
molecular weight. The glycemic effect of a food is how high and fast the blood
glucose rises, and how quickly the bodily responses return the blood glucose to
normal level.

Different foods have different effects on blood glucose, depending on the following
factors:

the digestibility of the starch in the food;

interactions of the starch with the protein in the food;

the amounts and kinds of fat, sugar, and fiber in the food;

the presence of other constituents, such as molecules that bind starch;

the form of the food (e.g. dry, paste, or liquid; coarsely or finely ground;
how thoroughly cooked); and

the combination of foods consumed at a given time.

Foods can now be classified by their glycemic index (Gl) as either low, medium,
or high. High-Cl foods are absorbed quickly by the gut and can raise blood sugar
levels rapidly, whereas low-GCl foods are absorbed slowly and have a moderate
effect on raising blood sugar levels. Some of the low fat or non-fat, heavily
processed foods (i.e. non-fat cookies and cakes) tend to have a high Gl because
of the addition of simple sugars when the fat is taken out. In contrast, minimally
processed, high-fiber foods with little fat (i.e. a slice of multigrain bread with peanut
butter) tend to have a lower GI.

The United States Department of Agriculture (USDA) and Department of Health
and Human Services (DHHS) have developed the “food guide pyramid” to assist
in meal planning and food choices. The intent was to replace the concept of the
four major food groups and give a better understanding of which foods were
more appropriate in greater amounts. The food pyramid recommends numbers
of servings for various daily caloric intakes. Most recently, with the release of the
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Figure 5.2 2010 Dietary Guidelines for Americans: Food group recommendations
Source: Department of Agriculture, 2010

2010 Dietary Guidelines for Americans, the USDA and DHHS took this one
step further with the unveiling of the website www.ChooseMyPlate.gov. This new,
simplified approach to nutrition and food-group recommendations breaks down
food groups by balancing the correct portions of each food group on a plate.
For example, fruits and vegetables make up one-half of the plate, grains take up
one-quarter, and the final quarter of the plate is protein. Additionally, there is a
glass of milk (or any dairy item) paired with the plate of food groups (Figure 5.2).
Unlike the old food guide pyramid, new recommendations are now offered
in a measureable quantity (ounces or cups) rather than servings. By logging on to
www.ChooseMyPlate.gov, individuals can now receive personalized nutrition
recommendations in their “Daily Food Plan,” based on age, gender, weight, height,
and physical-activity level. To appreciate the role of the personalized “Daily
Food Plan” in helping an athlete to plan his/her daily intake of food, a 2,400-
calorie diet is described below. In this example, the personalized “Daily Food
Plan” is designed for a 23-year-old female who is 5" 4” and 125 Ibs and who
participates in more than 60 minutes of physical activity a day. This athlete should
consume the following amount of food from each food group for her 2,400-calorie

food plan:
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8 ounces of grains;

3 cups of vegetables;

2 cups of fruits;

3 cups of milk and dairy; and
6.5 ounces of protein foods.

To clear up any confusion, it is important to outline the appropriate serving sizes

and food-group tips as described in the “Daily Food Plan”:

Simplifying serving size: Serving sizes are not designed to portray how much
a person should consume as a meal or a snack, but to serve as a pattern with

which to compare his/her intake.

Grains: Make half your grains whole; 1 ounce is equivalent to 1 slice of bread,
1 cup of ready-to-eat cereal, or half a cup of cooked rice, cooked pasta, or
cooked cereal. For more specific amounts, please visit www.ChooseMy

Plate.gov.

Vegetables: Vary your veggies. Make half your plate fruits and vegetables;
1 cup is equivalent to 1 cup of raw or cooked vegetables, or vegetable juice,
or 2 cups of raw leafy greens. For more specific amounts, please visit www.

ChooseMyPlate.gov.

Fruits: Make half your plate fruits and vegetables; 1 cup of fruit is equivalent
to 1 cup of fruit or 100% fruit juice or half a cup of dried fruit. For more

specific amounts, please visit www.ChooseMyPlate.gov.

Dairy: Switch to fat-free or low-fat (1%) milk; 1 cup of dairy is equivalent to
1 cup of milk, yogurt, or soymilk, 1.5 ounces of natural cheese, or 2 ounces
of processed cheese. For more specific amounts, please visit www.Choose

MyPlate.gov.

Protein foods: Choose lean proteins; 1 ounce of protein foods is equivalent
to 1 ounce of meat, poultry or fish, one-quarter of a cup of cooked beans,

1 egg, 1 tablespoon of peanut butter, or a half ounce of nuts or seeds.

Carbohydrate loading

During preparation for a competition, a training period with high intensity, or
sustained endurance competitions, carbohydrate intake can be increased to
65-70% of the daily energy intake for a few days. Table 5.4 indicates the factors
affecting the decision to undertake carbohydrate loading. Numerous investigations
have shown that the time to exhaustion during physical exercise increases with
initial muscle glycogen content, and athletes are thus advised to maintain high
carbohydrate intakes while decreasing the amount of training during the last 3-5
days before competition. This diet can nearly double the muscular glycogen

content.
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Table 5.4 Factors affecting the decision to undertake carbohydrate (CHO) loading

(Burke, 2007)

CHO loading should be considered if:

Exercise is moderate intensity

Endurance activity where heavy
demands are placed on glycogen stores
(e.g., marathon, triathlon, cross-country
skiing)

Activity > 90 min of continuous exercise

Athlete currently eating less than 7-10 g
CHO/kg BM/d and is motivated to follow
a loading regimen

Sport allows athlete to devote 2-3 days

to tapered exercise and high carbohydrate
intake prior to event

No medical reasons contraindicating
very high CHO intake for 3-5 days

CHO loading is not necessary if:

Exercise = endurance activity
Activity < 60-90 min

High-intensity activity for short time
(e.g., sprint events, field events)
Athlete is already on a CHO diet

(> 8-9 g/kg BM/d or more than

800 g CHO/d)

Athlete suffers from unstable diabetes
or is hyperlipidemic — very high CHO
diet is contraindicated

Athlete competes in a sport that is weight
sensitive, so he or she cannot afford the

gain in body mass (~1-2 kg)

In previous events, athlete experienced
overwhelming fatigue or “no fuel”

Before exercise

Proper nourishment before exercise serves various purposes. The appropriate pre-
exercise feeding should:

prevent low blood sugar during exercise;

provide fuel by topping off muscle glycogen stores;

settle the stomach, absorb gastric juices, and prevent hunger; and
instill confidence in the athlete’s abilities.

It is important to remind athletes that fasting is detrimental to performance and
is strongly discouraged before exercise. Unless observed for religious reasons,
fasting is not recommended.

The pre-exercise meal should consist primarily of high-carbohydrate, low-fat foods
for easy and fast digestion. A diet with high-glycemic carbohydrates within 1 hour
before exercise, however, may negatively affect exercise performance, because
the rapidly rising blood sugar causes an excessive release of insulin, which leads
to a relative hypoglycemia and inhibits lipid mobilization from adipose tissue, both
triggering an early depletion of the carbohydrate reserves. In contrast, low-glycemic
carbohydrates will avoid these effects, as well as providing a steady supply of
glucose available from the digestive tract during the exercise period. Low Gl foods
are thus generally recommended before activity (Table 5.5).
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Table 5.5 Carbohydrates, calories, and glycemic index of commonly consumed foods

Food Carbohydrates Total
® calories
Spaghetti/macaroni/noodles (1 cup) 40 200
White/brown rice (1 cup) 35 160
Parboiled rice
Baked potato (1 large) 55 240
Starchy vegetables
Corn (1/2 cup) 18 80
Winter squash (1/2 cup) 15 65
Carrots (1 medium) 10 60
Peas (1/2 cup) 10 40
Tomato sauce (1/2 cup) 10 80
Legumes
Baked beans (1 cup) 50 330
Lentils (1 cup) 40 215
Kidney beans (1 cup) 33 204
Lima beans (1 cup) 28 140
Garbanzo beans (1 cup) 27 287
Split-pea soup (11 oz) 35 220
Bread products
Bread, whole grain (2 slices) 25 150
Submarine roll 8” (1 large) 60 280
Bagel (1) 30 210
English muffin (1) 25 130
Bran muffin (1 large) 45 320
Corn bread (1 large slice) 29 198
Graham crackers (2 squares) 11 60
Cold/hot cereals
Grape nuts (1/2 cup) 46 200
Shredded wheat (1 cup) 37 180
Raisin bran (1 cup) 42 180
All bran (1 cup) 27 180
Oatmeal (1 0z) 30 140
Cream of wheat (1 0z) 22 100
Pancakes 4” (2) 30 140
Waffles, Eggo (2) 34 240
Fruits
Apple/orange 20 80
Banana 26 105
Raisins (1/2 cup) 60 240
Grapes (1 cup) 16 58
Apple sauce (1/2 cup) 26 97
Dried apricots (8 halves) 30 120
Fruit yogurt (1 cup) 50 250
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CARBOHYDRATE LOADING

Pre-exercise meal of primarily high-carbohydrate, low-fat foods for easy,
fast digestion.

Immediate nutritional priority after prolonged or heavy exercise is
rehydration, closely followed by restoration of body’s carbohydrate
stores.

In recovery after prolonged or heavy exercise, the most immediate nutritional
priority is rehydration, closely followed by restoration of the body’s carbohydrate
stores. To enhance the rate of muscle and liver glycogen resynthesis, an immediate
post-exercise carbohydrate intake of between 0.7 and 1.5 g/kg body weight in
the first 2 hours and then 0.7-1 g/kg body weight per hour is generally recom-
mended. This amount of carbohydrate intake will result in a muscle glycogen
resynthesis rate of about 7% per hour. Although this rate decreases with increased
muscular glycogen content, glycogen stores can be re-established within 24 hours
after a glycogen-depleting bout of exercise, if a total carbohydrate intake of about
9-10 g/kg body weight is available in this period. Recent investigations show that,
during the recovery period, carbohydrates with higher or moderate Gl and a small
amount of protein are the most effective method of replacing muscle glycogen

Function Structure Energy

Carbohydrates

Fats

Proteins

Minerals

Trace elements

Vitamins

Antioxidants

Water

Figure 5.3 Biologic functions of vitamins in the body
Source: From McArdle, Katch et al., 2009
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stores (Figure 5.3). When choosing a recovery meal or snack, choose food items
or combinations in the ratio 3—4:1 for carbohydrates:protein.

Lipids

Lipids are a primary energy source, providing up to 70% of the total energy in rest
and about 50% during light and moderate exercise. When exercise continues for
more than 3 hours, the role of stored lipid becomes more important and may
provide more than 80% of the energy requirements in prolonged exercise. Fat
serves many other functions that are indirectly related to exercise performance —
it is an essential component of cell membranes, and nerve fibers and vital organs
are supported and cushioned by it; all steroid hormones in the body are produced
from cholesterol; fat-soluble vitamins that gain entry into the body are stored in,
and transported through the body, via fat; the insulating subcutaneous fat layer
also helps preserve body heat.

Fat is stored mainly in the adipose tissue, and some in muscle cells. The metabolic
mixture between carbohydrates and lipids is different during exercise of varying
intensities. During exercises of light to mild intensity (40% VO, max), the main
energy source is lipid, predominantly as plasma free fatty acid (FFA) delivered from
adipose tissue depots. When the intensity of the exercise increases, the balance
of fuel utilization crosses over — the energy for the more intensive exercise is
provided predominantly by muscle glycogen and blood glucose. This pattern of
energy use shows the important role of lipids during endurance exercises of light
to mild intensity, and the role of muscle glycogen as the major energy source during
high-intensity aerobic exercise. As the saying goes, “fat burns in a carbohydrate
flame.” Endurance training increases the capacity for fat metabolism in the
muscles, so that, during submaximal exercises, fat metabolism will cover a greater
proportion of the energy demands of the trained athlete than of an untrained
person. This increased capacity is caused by an increased quantity of enzymes
involved in b-oxidation, Krebs-cycle metabolism, and electron-transport chain, as
well as an improved transport of fatty acids through the muscle fiber and within
the muscle cell by the action of carnitine and carnitine-transferase.

Many athletes neglect their fat intake, fearing an increase in body fat. It is
important to remind athletes that an intake of 20-25% of calories from fat is not
only acceptable but also preferred. Allowing a misunderstanding of the role of fat

LIPIDS

Many athletes neglect fat intake, fearing an increase in body fat.
Remind athletes that an intake of 20-25% of calories from fat is not
only acceptable but also recommended.
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in the body can place the athlete at greater risk for the female athlete triad. A
more detailed discussion can be found under the section “Female Athlete Triad”
in this chapter.

Protein

Protein is a class of nitrogen-containing compounds formed by amino acids.
Proteins are the major structural component of the cell and are used for growth,
repair, and maintenance of body tissue, as well as maintaining the osmotic
pressure in the plasma. Hemoglobin, enzymes, and many hormones and antibodies
for protecting the body from diseases are produced from proteins. Protein can
also produce energy for the body. Twenty amino acids have been identified as
necessary for human growth and metabolism, eight of which cannot be synthesized
in the body and must be consumed in the diet. These eight amino acids are
therefore termed essential amino acids.

Protein catabolism during exercise becomes most apparent when the body’s
carbohydrate reserves are low. This catabolism can be seen especially in prolonged
strenuous exercise, when the alanine—glucose cycle may account for up to 40-50%
of the total glucose released by the liver.

Available evidence suggests that the daily protein requirements for a healthy adult
are about 0.83 g/kg body weight, and, in adolescents, 0.9 g/kg body weight. The
amount of protein required for strength and speed athletes is up to 1.2-1.8 g/kg
body weight per day. Athletes engaged in endurance training are recommended
to increase their protein intake to up to 1.2-1.4 g/kg body weight per day, which
can be easily achieved by a normal balanced diet. Many athletes believe that
supplementing the diet with amino acids such as arginine and ornithine will
stimulate the release of growth hormone. After high-intensity exercise, nevertheless,
the concentration of circulating growth hormone increases. The effectiveness of
such supplements is thus debatable, and these supplements are therefore con-
sidered unnecessary. Similarly, many athletes turn to protein supplements to
achieve the recommended protein requirement (1.2-1.8 g/kg body weight).
However, it is important first to determine the regular protein intake of the athlete

PROTEINS

Protein catabolism during exercise is most apparent:

when the body’s carbohydrate stores are low;

especially after prolonged, strenuous exercise;

when the alanine-glucose cycle may account for 40-50% of total
glucose released by the liver.
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before suggesting a protein supplement. Many sports have high calorie demands,
and it is likely that athletes involved in these sports are already taking in adequate
protein.

The vegetarian approach

For various reasons, some recreational athletes and an increasing number of com-
petitive and champion athletes have adopted vegetarianism. The true vegetarians,
or vegans, eat only food from plant sources. Lacto-vegetarians additionally consume
dairy products, and lacto-ovo-vegetarians eat plant foods, dairy products, and eggs.
Vegetarian athletes who consume dairy products and eggs are at a lower risk of
poor nutritional intake, because the diet is that much less restrictive.

How can athletes handle the vegetarian diet to maintain optimal performance?
For athletes who are strict vegans, it is necessary to select their foods very carefully
to provide a good balance of the essential amino acids, sufficient calorie intake,
and adequate sources of zinc, riboflavin, vitamin B12, vitamin D, calcium, and
iron (Tables 5.6 and 5.7). Poor planning or lack of knowledge has led some athletes
to experience a decreased performance capacity after switching to a vegetarian
diet. Vegan athletes should be referred to a qualified, registered dietitian for help
in selecting foods and diets that maximize nutrient intakes.

BALANCE OF MICRONUTRIENTS

Vitamins and minerals have an important role in energy metabolism (Tables 5.6
and 5.7). The intake of vitamins and minerals is positively related to the energy
intake, and a deficiency of one or several micronutrients may impair physical-
exercise capacity. Vitamins and minerals are found in a wide range of foods, and
deficiencies are rare in people with a well-balanced diet.

An athlete should try to ensure adequate vitamin and mineral intake mainly
through a well-balanced diet. If an athlete uses micronutrient supplements, it is
recommended not to exceed twice the RDA, because this dose seems to be both
safe and adequate for optimal sports performance.

Vitamins are organic substances that neither supply energy nor contribute to body
mass. Vitamins A, D, E, and K are fat-soluble and can accumulate to toxic levels
in the body. C- and B-complex vitamins are water-soluble. Except in relatively

BALANCE OF MICRONUTRIENTS

Vitamins and minerals are found in a wide range of foods.
Intake of vitamins and minerals is positively related to energy intake.
Deficiencies are rare in people eating a balanced diet.
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Table 5.6 Summary of the most important effects of vitamins and minerals on body
functions related to athletic training and performance (Burke, 2007)
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Table 5.7 Function and food sources of vitamins and minerals

Nutrient

Water-soluble vitamins

Thiamine (B1)
Riboflavin (B12)

Niacin
Pyridoxine (B6)
Pantothenic acid

Folacin

(B12)
Biotin
Ascorbic acid

Fat-soluble vitamins
beta-carotene
(provitamin A)
Retinol (A)

Cholecalciferol (D)

Tocopherol (E)

Phylloquinone (K)

Minerals
Calcium (Ca?*)

Phosphorus (PO3)

Potassium (K™)

Sulfur (S)
Sodium (Na*)

Chlorine (CIH)

Magnesium (Mg?*)

Iron (Fe)
Fluorine (F)
Zinc (Zn)
Copper (Cu)

Selenium (Se)
lodine (1)

Chromium (Cr)

Molybdenum (Mo)

Functions supporting exercise

Coenzyme in cellular metabolism
Component of FAD+ and FMN

of the electron transport chain
Component of NAD+ and NADP+
Coenzyme in metabolism
Component of coenzyme A

(e.g. acetyl-CoA, fatty acyl-CoA)
Coenzyme of cellular metabolism

Coenzyme of metabolism in nucleus
Coenzyme of cellular metabolism
Maintains connective tissue,
immune protection

Tissue maintenance and repair

Sight, component of rhodopsin
(visual pigment), maintains tissues

Bone growth and maintenance,
calcium absorption

Antioxidant, protects cellular
integrity

Role in blood clotting

Bone and tooth formation, muscle
contraction, action potentials

Bone and tooth formation, acid-
base chemical energy

Action potential, acid-base, body
water balance

Acid-base, liver function

Action potential, acid-base,
osmolality, body water balance

Membrane potential, fluid balance

Cofactor for enzyme function

Component of hemoglobin,
myoglobin, and cytochromes

Bone structure

Component of enzymes of digestion

Component of enzymes of iron
metabolism

Functions with vitamin E

Component of thyroid hormones

Required for glycolysis
Cofactor for several enzymes

Food sources

Whole grains, legumes
Most foods

Lean meats, grains, legumes
Meat, vegetables, whole grains
Most foods

Legumes, green vegetables, whole
wheat

Muscle meat, eggs, dairy products

Meats, vegetables, legumes

Citrus fruits, tomatoes, green

peppers
Green vegetables
Milk, butter, cheese
Eggs, dairy products

Seeds, green leafy vegetables,
margarine

Green leafy vegetables; cereals,
fruits, meats

Milk, cheese, dark-green
vegetables

Milk, cheese, yoghurt, meat,
poultry, grains, fish

Leafy vegetables, cantaloupe, lima
beans, potatoes, milk, meat

Proteins, dried food

Fruits, vegetables, table salt

Fruits, vegetables, table salt

Whole grains, green leafy
vegetables

Eggs, lean meats, legumes, whole
grains, green leafy vegetables

Water, seafood

Most foods

Meat, water

Sea food, meat, grains

Marine fish and shellfish, dairy
products, vegetables, iodized salt

Legumes, cereals, whole grains

Fats, vegetable oils, meats, whole
grains

FAD+ = flavin adenine dinucleotide (oxidized form); FMN = flavin mononucleotide; NAD+ = nicotinamide
adenine dinucleotide (oxidized form); NADP+ = nicotinamide adenine dinucleotide phosphate (oxidized form)
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rare and specific instances, water-soluble vitamins are generally non-toxic. Vitamins
regulate metabolism, facilitate energy release (several of the B-complex vitamins),
and have a very important role in the process of bone and tissue synthesis. To
avoid great loss of vitamins, it is recommended to use more gentle ways of food
preparation, such as microwaving, pressure-cooking, or steaming.

Antioxidants

Many vitamins and minerals have antioxidant capacity, including vitamins such as
alpha tocopherol (vitamin E), beta-carotene, ascorbic acid (vitamin C), as well as
minerals such as selenium, iron, zinc, copper, and magnesium. Antioxidants are
available in foods or produced by the body to combat oxidative stress. Oxidative
stress occurs when the body produces excessive reactive oxygen species because
of an increased production and decreased clearing. Consequences of oxidative
stress may include premature aging, atherosclerosis, cancer, diabetes, muscular
dystrophy, rheumatoid arthritis, Alzheimer’s disease, Parkinson’s disease, and
muscle fatigue and injury.

Antioxidants may help reduce the amount of free radical damage by:

preventing free radical formation;

scavenging the radicals and changing them to less reactive molecules;
assisting in the repair of damage caused by the radicals; and

assisting with other agents that promote a healthy environment.

Regular physical activity produces a myriad of benefits for the body, including a
decreased risk of contracting certain diseases and an increased aid for weight
management. However, exercise may also result in a decrease in circulating
antioxidant levels and a chronic state of oxidative stress. The intake of antioxidants
can improve the antioxidant status of the body and may decrease the damaging
effect of radical formation, especially during strenuous exercise.

The intake of antioxidants may also help prevent post-exercise oxidative stress.
Antioxidant supplements protect the body against oxidative stress during physical
activity and training at high altitudes, and may also diminish the effect of exer-
cise on the immune system, protecting athletes against post-exercise infections.
It is important to help athletes make appropriate decisions about antioxidants.

ANTIOXIDANTS

Intake of antioxidants improves antioxidant status of body.
Antioxidants may decrease damaging effect of radical formation,
especially during strenuous exercise.
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If supplements are chosen, the athletes should be advised to take them in
moderate rather than excessive amounts. Again, the best sources of these nutrients
are foods.

Minerals important for athletes

Macrominerals are minerals that the body requires in more than 100 mg/d; micro-
minerals (trace elements) are those required at lower amounts. Approximately 4%
of body mass is composed of different minerals, which are required for numerous
physiological processes, including muscle contraction, oxygen transport, fluid
balance, and bioenergetics. Minerals also serve as important parts of enzymes,
provide structure in the formation of bones and teeth, and help in the synthesis
of the biologic macronutrients glycogen, lipids, and protein.

Calcium

An adequate calcium intake in a well-balanced diet is needed to prevent bone
mineral loss and reduce the risk of osteoporosis in later life. A prime defense against
bone loss with age is an adequate calcium intake throughout life, and regular
physical activity from childhood through adulthood. Paradoxically, women who
train too intensively and those whose body weight has reduced to a point at which
menstruation is adversely affected often show advanced bone loss at an early age
(see “Female athlete triad” section). A well-balanced diet is necessary to meet an
adequate calcium intake. Restricted energy intake, dietary extremism, fad diets,
and a vegan eating pattern may limit the amount of calcium taken in. Athletes
thus need to be counseled to ensure that their diet contains adequate amounts
of calcium.

CALCIUM
Risk factors for women to develop premature osteoporosis include:

intensive training;
a reduced body weight to the point where menstruation is adversely
affected.

Iron

An inadequate iron intake can result from a restricted energy intake, dietary
extremism, fad diets, vegetarian diets, and a limited variety of food. It is not clear
whether regular physical activity creates a significant drain on the body’s iron
reserves. Studies have shown that endurance athletes, especially middle- and long-
distance runners, may be at greater risk for low iron stores, resulting in an
increased risk for anemia. Athletes at risk for iron depletion should have their iron
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levels regularly monitored. Iron deficiency can be prevented by eating lean meats
and chicken and by replacing coffee and tea at meals with a vitamin C drink to
enhance iron absorption. When dietary interventions fail, iron supplements can
be recommended after an evaluation of iron intake, hematological characteristics,
and iron reserves.

Are vitamin or mineral supplements necessary?

It is generally accepted that an optimum nutrition status is important, not only for
the maintenance of maximum performance but also for minimizing health risks,
particularly muscular stress and inflammatory reactions after high-intensity exercise.
A well-balanced diet meets the nutritional needs of the recreational athlete.
Competitive athletes need higher levels of vitamins and minerals that reflect the
increased energy needs. It is necessary to stress the importance of an optimum
balanced diet during training, competition, and recovery period. Although there
is no absolute evidence that supplementation with different vitamins and minerals
enhances physical performance and shortens the recovery period, athletes often
supplement with vitamins and minerals. It is important for the team physician to
ensure that athletes do not take in excessive amounts of any vitamin or mineral
supplement.

FLUID BALANCE

Excessive sweating during exercise may result in significant losses of body water
and water-soluble minerals, thus decreasing physical performance capacity. Fluid
should therefore be replaced during and following exercise. Water makes up
40-60% of total body mass. About 62% of total body water is intracellular, and
38% is extracellular (plasma, lymph, and other fluids outside the cell). The normal
daily water intake ranges from 2.5 | in winter to 3. 5 | in summer. During exercise,
the body loses fluid through the skin as perspiration and as water vapor in expired
air. The amount of loss depends on the ambient air temperature, humidity, and
altitude, with a range between 0.5 and 1.2 |; under extreme ambient conditions,
fluid loss can be up to 2 | per hour or more. When dehydration exceeds 2% of
body weight, a measurable deterioration of physical performance can be observed
(Table 5.8).

As seen in Table 5.9, a severe dehydration is potentially fatal. Exercising while
dehydrated causes body temperature to rise quickly and can lead to a heat stroke.
For example, during a marathon race at high ambient temperatures, runners may
lose about 8% of body weight, corresponding to about 13% of total body water.
Even in shorter events, fluid losses of 2-4% body weight are possible. Electrolyte
loss during exercise occurs primarily with water loss from sweating. The major
elements lost with sweat are sodium and chloride, with smaller amounts of
potassium and magnesium.
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Table 5.8 Electrolyte concentrations and osmolarity in sweat, plasma, and muscle of men
following 2 hours of exercise in heat

Site Electrolytes (mEq/I) Osmolarity
I
Na+ Cl- K+ Mg2 (mOsm/)
Sweat 40-60 30-50 4-6 1.5-5 80-185
Plasma 140 101 4 1.5 295
Muscle 9 6 162 31 295

mEq/l = milliequivalents per liter (thousandths of 1 g of solute per liter of solvent)

To maintain performance capacity and prevent health risks caused by dehydration,
it is necessary to replace water and some minerals during training and competition,
especially during sustained exercise under hot and humid ambient conditions, as
well as in the recovery period.

The body’s need to replace lost fluid is greater than its need to replace lost
electrolytes. The thirst mechanism alone, however, is not sufficient to maintain
hydration during exercise, and more fluid should be consumed than the body
apparently needs. Sufficient rehydration during and after exercise can only be
achieved if the sodium lost in sweat is replaced as well as water. Drinking too
much fluid with too little sodium may lead to hyponatremia (low plasma level of
sodium), which can cause confusion, disorientation, and even seizures. Adding
carbohydrates to drinks is a useful way of increasing energy supplies, which can
enhance high-intensity endurance performance by maintaining blood sugar
concentrations. Carbohydrate found in rehydration solutions can be used by the
active muscles either to spare muscle glycogen, or to serve as reserve glucose for
a period when muscle glycogen becomes depleted. Depending on the duration
and intensity of exercise, as well as the ambient weather conditions, the com-
position of drinks should be adjusted according to the relative priority of the
need to supply fuel or water, which in turn depends also on the individual athlete.
Establishing a pattern of fluid intake should be part of training; this training
allows individual athletes to develop a personal strategy of fluid rehydration and
to get used to the sensations of fluid in the stomach. This is especially important
for athletes who live and train in cold climates and who are not used to coping
with an increased fluid need in training bouts and competitions in hot weather.
Carbohydrate-containing rehydration solutions should contain a carbohydrate
concentration of between 5 and 8% (the carbohydrate content (g) should be
divided by the fluid volume (ml) and multiplied by 100 to determine the
percentage of carbohydrate in a drink), with a moderate to high Gl. Maintaining
a relatively large fluid volume in the stomach throughout exercise enhances
gastric emptying. The best regimen to reach this goal is consuming 400-600 ml
of fluid in the 2 hours before exercise, followed by 200-300 ml every 10-20
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Table 5.9 Recommendations for ingestion of fluids, carbohydrates, and electrolytes
before, during, and after prolonged submaximal exercise*

Issues

Exercise intensity

Primary concerns

Proposed formulation

Exercise < 60 min

80-130% VO, max

Dehydration,
hyperthermia

Exercise 60-180 min

80-90% VO, max

Dehydration,
CHO nutrition

Exercise > 180 min

30-70% VO, max

Hyperthermia,
dehydration,
CHO nutrition,
hyponatremia

Pre-event’ 30-50 g CHO 30-50 g CHO 30-50 g CHO
During exercise
Initial 60 min 6% CHO 6% CHO 6% CHO
Na+: 10-20 mEg/l  Na+: 10-20 mEg/l
Cl-: 10-20 mEq/l  Cl-: 10-20 mEq/!
After 60 min 8-12% CHO 8-12% CHO
Recovery
Initial 120 min 6% CHO 12% CHO 12% CHO
Na+: 10-20 mEqg/l 0.7 g/kg/h 0.7 g/kg/h
Cl-: 10-20 mEg/l Na+: 10-20 mEg/l  Na+: 10-20 mEq/l
8-12% CHO Cl—: 10-20 mEq/l Cl-: 10-20 mEq/I
8-12% CHO 8-12% CHO
After 120 min 6% CHO 6% CHO 6% CHO
Na+:10-20 mEg/l  Na+: 10-20 mEg/l  Na+: 10-20 mEq/l
Cl-: 10-20 mEq/I Cl-: 10-20 mEqg/! Cl-: 10-20 mEq/I
8-12% CHO 8-12% CHO 8-12% CHO
Volume*
Pre-event 300-500 ml 300-500 ml 300-500 ml
During exercise ~ 500-1000 ml 500-1000 ml 500-1000 ml
Recovery 500-1000 ml 500-1000 ml 500-1000 ml

* A hyperhydration with glycerol solutions at low concentrations (1-4%) has also been shown to be

beneficial.
i

Carbohydrate can be in solid or liquid form. If solid, carbohydrate should be ingested with stated volumes
of water.

¥ The frequency of ingestion is not stated. More frequent ingestion of smaller volumes is recommended
to prevent gastric distress. CHO = carbohydrate

Source: Adapted from Gisolfi C.V., Duchman S.M. Guidelines for optimal replacement beverages for
different athletic events. Med. Sci. Sports Exerc. 1992; 24:679-87
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minutes during exercise, depending on individual variations and climate
conditions.

Pre-exercise feeding

A pre-competition meal should include foods that can be readily digested and
contribute to the energy and fluid requirements of exercise. Such a meal should
be high in carbohydrates and relatively low in lipids and proteins. With individual
variations, 3 hours should be sufficient to permit digestion and absorption of the
pre-competition meal. Commercially prepared liquid meals may offer a good
approach to pre-competition feeding and also caloric supplementation. Such
commercial liquid meals are usually well balanced with respect to macro- and
micronutrients, contribute to fluid needs, and are absorbed rapidly, with no
residuals in the digestive tract.

Suggestions for pre-event food and fluid intake (Burke, 2007):

plain breakfast cereal with low-fat milk and fruit;

oatmeal with low-fat milk and fruit juice;

pancakes/pikelets with maple syrup, honey, or golden syrup;
toast, muffins, or crumpets with honey/jam/syrup;

baked beans and toast;

creamed rice (with low-fat milk) and tinned fruit;

spaghetti with low-fat tomato-based sauce;

baked potato with low-fat filling;

low-fat breakfast bar or muesli bar and banana;

roll or sandwich with banana and honey;

fresh fruit salad with low-fat yoghurt or fromage frais;
smoothie based on low-fat milk or soy milk, low-fat yoghurt and mango/
banana/berries.

PRE-EXERCISE FEEDING

Mode and level of exercise generally should result in daily output of
300 kcal (1,255.2 k]) of energy expenditure.

Techniques for weight loss and weight gain

To evaluate the normalcy of the body weight of an individual, most professionals
use the body mass index (BMI), derived from body mass and stature and calculated
as BMI = body mass/kg:stature/m?. Individuals whose BMI ranges from 20 to 25
have the lowest health risk. The suggested desirable BMI range for women is
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21.3-22.1; for men, 21.9-22.4. BMI values above 27.8 for men and 27.3 for
women are associated with an increase risk of cardiovascular diseases and
metabolic diseases. The surgeon general has defined being overweight as having
a BMI between 25 and 30, whereas obesity is defined as a BMI exceeding 30.
However, for athletes with a high lean body mass, the BMI may be an inappropriate
measurement. Body composition measures via hydrostatic weighing or caliper
testing may be a more appropriate measure of body-composition changes in
athletes.

Weight loss

There is strong evidence that continuous exercise of moderate to high intensity,
especially endurance exercise, is effective for weight reduction, if restricted
energy intake is followed at the same time. The greater the energy expenditure,
the greater the potential for fat loss. Although the weight-loss effect is independent
of the mode of exercise, as long as there is a sufficient caloric deficit, best effects
are achieved through endurance exercise of moderate intensity over a longer
period of time. Moderate to strenuous running, bicycling, swimming, or walking
will stimulate fat loss. Circuit resistance exercise or ball games can also be
recommended, although, depending on exercise intensity, the caloric expenditure
may be lower. In general, appropriate mode and level of exercise should result
in a daily output of 300 kcal of energy expenditure through exercise. If an athlete
reduces the caloric intake by 300 kcal per day and is exercising daily with an energy
expenditure of 300 kcal, then he/she is able to reduce the body mass of about
0.5 kcal of adipose tissue.

The combination of exercise and diet offers a flexible and effective approach to
losing weight. Exercise enhances the mobilization and utilization of lipids, thereby
causing fat loss. Regular exercise also retards the loss of lean tissue. Studies show
that the combination of exercise and diet is able not only to reduce body-fat mass
but also slightly to increase lean body mass. A more pronounced increase in lean
body mass can be achieved through diet and regular resistance exercise. The rapid
weight loss during the first few days of a diet is primarily caused by a loss of body
water and stored glycogen. When exercising and dieting for a longer period, with
the weight loss continuing, a greater loss of fat per unit of body weight is exhibited.
The responsiveness of weight loss to exercise and diet may be related to sex and
genetic differences, with underlying differences in the distribution of body fat and
sensitiveness to neurohumoral stimulation.

Weight gain

Gaining weight is attained by increasing calorie intake. In the past, physicians have
recommended an increase in fat intake to help athletes increase their caloric intake
and gain weight. It is now believed that, for athletes to gain weight, they should
consume similar percentages of macronutrients as recommended for their sport,
but in larger amounts. Thus, instead of consuming 2,500 calories as 65% from
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carbohydrates, 10-15% from protein, and 25-30% from fat, the original percent-
ages should be used, but for a larger amount of total calories, such as 3,000.

If a person consumes approximately 3,500 kcal (14,644 k]) per week in excess of
need, the result is an increase in body mass of about 1 Ib. If the person is not
exercising, these excess calories are stored as body fat. Weight gain for athletes,
however, should result in an increase in lean tissue. Heavy muscular overload
(resistance training), supported by a well-balanced diet, may increase muscle mass
and strength. Studies indicate that a weekly gain of about 0.5-0.75 kg lean tissue
can be achieved when 700-1,000 kcal (2,928.8-4,184 kJ) is added to the daily
diet, in addition to the extra energy required for training. Depending on the type,
intensity, and frequency of training, as well as the hormonal characteristics and
genetic preconditions of the athletes, variations in weight gain may occur. When
an athlete aims to gain weight, it is important regularly to monitor their body mass
and body fat using appropriate body-composition measurement tests.

SUPPLEMENTS

Aspartic acid

Aspartic acid is an amino acid involved in the conversion of ammonia to urea in
the liver. Excess ammonia is associated with fatigue; it had been hypothesized
that administering aspartates might facilitate the clearing of ammonia from the
body, thereby delaying fatigue. Although there are no known risks associated with
the use of aspartic acid, research on this topic is not conclusive. More controlled,
systematic studies are needed to investigate the effects of aspartic acid on the
physical capacity of athletes.

Buffering solutions

Sodium bicarbonate is an alkaline salt produced naturally in the body. When found
in the blood, sodium bicarbonate is referred to as the alkaline reserve. The alkaline
reserve is responsible for buffering lactic acid, which builds up in the muscles during
intensive anaerobic exercise. Ingestion of agents that increase the bicarbonate
concentration in the blood plasma makes it possible to increase blood pH level
and leave the blood alkaline, thus allowing higher lactate concentrations in the
blood to be tolerated, which theoretically should delay the onset of fatigue during
short-term anaerobic exercise. Although there are controversial results from differ-
ent studies, it appears that a bicarbonate ingestion of 300 mg/kg body weight,
taken about 2-3 hours before exercise, may be effective and medically safe.
However, there should be awareness that sodium bicarbonate can cause gastro-
intestinal discomfort, including nausea, diarrhea, cramps, and bloating, as well as
irritability and muscle spasms. In contrast, some studies have found similar effects
of sodium citrate on buffering capacity, without gastrointestinal discomfort.
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Caffeine

Caffeine is one of the most widely consumed drugs in the world, and it can be
found in coffee, tea, cocoa, soft drinks, and various other foods. Caffeine is a
stimulant to the central nervous system that increases mental alertness and
concentration, elevates mood, and decreases fatigue and delays its onset. Caffeine
also decreases the reaction time, enhances catecholamine release, increases FFA
mobilization, and increases the use of muscle triglycerides.

In excessive amounts, caffeine can cause nervousness, restlessness, insomnia,
tremors, and diuresis, as well as an increased susceptibility to heat injury. Caffeine
may benefit endurance athletes by conserving the body’s glycogen reserves to a
small extent, but its diuretic effect may be harmful to athletes, especially when
they are exercising in the heat. For power athletes, the diuretic effects of caffeine
may help them lose weight. Caffeine in high doses, however, is not permitted in
games and competitions, and anyone consuming an amount of caffeine that
exceeds the permitted doses is liable to disqualification.

L-carnitine

Carnitine is essential for transportation of long-chain FFAs into mitochondria.
During prolonged exercise, FFA concentrations in plasma are often elevated
above the actual energy requirement. It has been hypothesized that an increase
in the availability of L-carnitine may facilitate the oxidation of lipids. However, a
number of studies have failed to find evidence for any ergogenic effect from L-
carnitine supplementation.

Creatine

The use of creatine as a supplement is based on its role in skeletal muscle, where
approximately two-thirds of its total is in the form of phospho-creatine (PCr). It is
hypothesized that consuming creatine supplementation can increase the creatine
content in skeletal muscle, enhancing the ATP-PCr energy system and thus
performance in high-intensity exercise.

Results of research on this topic are conflicting. Improvement in the performance
of strength and power athletes was noted when 15-20 g of creatine per day were
administered for a period of 5-6 days, but the initial dose and the maintenance
dose, which is usually lower, must be varied individually. However, it was found
that, independent of the reaction to creatine supplementation, glucose ingestion
together with creatine increases the creatine content of skeletal muscle.
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Phosphate

Some early studies suggested that phosphate loading through the ingestion of sodium
phosphate may have potential benefits during exercise, because the elevation of
extra- and intracellular phosphate levels would increase the availability of phosphate
for oxidative phosphorylation and PCr synthesis, thereby improving the energy-
production capacity of the body. Supplemented phosphate may also result in a
longer time taken to exhaust creatine phosphate stores during intensive exercise.
Furthermore, added phosphate levels in the blood have been hypothesized to
increase the production of 2,3-DPG, thus facilitating oxygen dissociation from hemo-
globin. There are currently no known risks associated with phosphate loading, but
conflicting results concerning its proposed ergogenic benefits were found. Further
studies are needed to determine the effects and safety of phosphate loading.

FEMALE ATHLETE TRIAD

The female athlete triad refers to the interrelationship and often coexistence
of disordered eating, amenorrhea, and premature osteoporosis. These problems
represent a growing concern in sports medicine, because of their apparent
increased incidence among athletes involved in appearance or esthetic sports, such
as gymnastics, figure skating, dance, and distance running. Their constant focus
on achieving or maintaining “an ideal body weight” and/or “optimal body fat” is
often the underlying cause of the female athlete triad. Extreme pressure to attain
good results, pressure from coaches, unrealistic expectations, pressure from society
or self, low self-esteem, and poor body image may also contribute to the problem.
A family history of disordered eating or substance abuse and family dysfunction
may also be contributing factors.

The interaction between intensive training, disordered eating patterns, and
hormonal disturbances may have a negative influence on the normal development
and maturation of bone. The prevalence of menstrual dysfunction in female
athletes varies among sports and with intensity of training. Compared with the
rate of oligomenorrhea and amenorrhea in the general female population of 2-5%,
the prevalence in female athletes increases to 3.4-66%.

The endocrine problems may involve menstrual dysfunction, premature osteo-
porosis, and growth and development effects. Malnutrition may lead to a multitude
of problems, especially in the cardiovascular and gastrointestinal systems. In more
severe cases, malnutrition can have a potentially negative effect on every organ
system. The best “treatment” for disordered eating pattern is a sufficient preven-
tion. It should be emphasized that both preventive and treatment efforts need
a multidisciplinary team consisting of psychologists, nutritionists, physicians, and
coaches to correct the problem. If not treated, the female athlete triad can
increase the risks for short- and long-term health consequences, as well as psycho-
logical, medical, and orthopaedic repercussions.
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Preventing the female athlete triad

The American Dietetic Association has suggested some guidelines for preventing
the female athlete triad in Nutrition Intervention in the Treatment of Eating
Disorders, 2011, and the Team Prevention Strategies of 1994:

The following techniques and strategies should be considered when
working with each new athlete:

Separate food- and weight-related behaviors from feelings and psycho-
logical issues. Having the athlete appreciate the difference can help her
to learn to separate facts and move toward a better understanding of
how to get better.

Teach the connection between food intake and sports participation
includes health and the requirement of nutrients in food for physical
and mental health and the optimal functioning of our bodies.
Incorporate education with behavior change. For example, teach the
need for nutrients and energy before suggesting an increase in caloric
intake.

Work on small changes rather than making gross alterations in the
athlete’s lifestyle. Discourage an athlete from wanting to change
everything at once. Small changes are more likely to be adapted and
maintained.

Explain that setbacks are normal and can be used as learning tools to
resculpt responses to cues.

Teach self-monitoring techniques such as a food diary and behavior
records, so that the individual can feel a sense of control over her
treatment and choices. You can include food, exercise, and behaviors
such as frequency of bingeing and/or as soon as possible purging as well
as weight gain/fluctuation.

Use weight and eating contracts, but avoid using these techniques if the
individual becomes too over-involved and you feel that it may be
counterproductive.

Slowly increase or decrease weight to prevent the individual from
feeling a loss of control and potentially causing her to withdraw from
therapy.

Teach the athlete to maintain a weight that is healthful. Encourage
regular meal times, variety and moderation of intake, and gradual
reintroduction of foods (typically those most recently excluded from the
diet are best received).

Evaluate and change your approach as necessary throughout treatment
and with each individual.

Strive, ultimately, for the individual to be comfortable in social eating
situations where she does not have total control.
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The following techniques and strategies should be considered by each female
athlete:

Monitor the menstrual cycle by using a diary or calendar.

Consult a physician if experiencing menstrual irregularities, recent injuries, or
stress fractures.

Seek counseling if feeling overly concerned about body image or weight.
Consult a sports nutritionist to help design an eating plan that will support
micronutrient and macronutrient needs.

Seek emotional support from parents, coaches, and teammates when needed.

Some important messages you can share with your athletes:

Sports participation includes physical and mental health.

Winning at all costs is not an ideal philosophy.

Successful performance relates to optimal nutrient intakes of all of the macro-
and micronutrients.

Strength, stamina, and body composition are more important than body
weight.

Sexual maturation is normal.

Changes in eating, activity levels, menstrual patterns, or performance should
be addressed with an appropriate professional as soon as possible.

FEMALE ATHLETE TRIAD

The female athlete triad is the result of an unhealthy focus by female athletes
on achieving and/or maintaining “ideal body weight” and/or “optimal body
fat”. The female athlete triad is caused by:

pressure to attain good results;
pressure from coaches;
unrealistic self-expectations;
societal pressures;

low self-esteem;

poor body image.
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CHAPTER 6

FIELDSIDE ASSESSMENT AND TRIAGE

Anthony C. Luke and William D. Stanish

This chapter reviews general concepts for the fieldside assessment of an injured
athlete. Physicians who cover the sidelines understand that anything can happen
in sport. The medical team covering the event should be familiar with the injuries
that may occur in that sport and must be prepared to manage an athlete with a
serious injury or medical emergency until the player can be transferred to a medical
facility. If the injury does not require transfer, the team physician can manage the
problems and decide on return to play. Typically, the physician will triage the
athlete to a medical facility for more definitive care, withhold the athlete from
play with further follow-up arranged, observe the athlete with potential return to
sport in mind, or clear the athlete to go back to competition.

The key principles of event coverage are to be aware of, and be prepared to care
for, the common and the unexpected injuries. Careful, early planning and practice
of the emergency protocols avoid delays in providing proper medical care and
facilitate transfer of an athlete to an appropriate medical center for more advanced
treatment in the event of a serious and potentially life-threatening injury. Details
of the emergency plans will depend on the sport covered, the event site, and the
medical resources available.

The objectives of this chapter include reviewing an approach to managing the fallen
athlete and discussing basic skills necessary for first aid fieldside care by a team
physician. The chapter presents a stepwise “C-ABCDE” approach for performing
the primary survey of an injured athlete. Details for the focused examinations
carried out in a secondary survey for specific injuries are discussed in other chapters
of this manual. The chapter also covers basic principles of initial stabilization,
practical emergency procedures, and first aid fundamentals, as well as planning
issues concerning event coverage, emergency protocol planning, and traveling with
a team.

@
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PROTOCOL FOR EMERGENCY ASSESSMENT

The primary survey

When an athlete collapses, the team physician must consider both traumatic and
medical causes. The priority of the initial assessment is to identify any life-
threatening injuries that can be reversed. These include cardiac arrest, airway,
cervical spine, and breathing dangers. For example, if there is a problem related
to the airway or circulation, the athlete may have a limited window of time, as
short as 4 minutes, before irreversible cellular damage occurs from deprivation of
oxygen. Once cardiorespiratory dangers are cleared, the athlete is checked for
neurological and other life-threatening medical emergencies. Cardiovascular
causes are the commonest reason for non-traumatic sudden death in the athlete.
Dehydration, temperature-related illnesses, electrolyte imbalances, drug use, and
other severe medical conditions can also be fatal.

The examination always begins with a primary survey, which is done on the field
before moving the patient. Using aspects of popular acute cardiac and trauma
protocols, a suggested algorithm is the “C-ABCDE” approach to provide a uniform
method of examining the downed athlete. The “C-ABCDE" approach stands for
cardiopulmonary resuscitation (CPR) and cervical spine (C), airway (A), breathing
(B), circulation (C), disability (D), and exposure and environment (E). This approach
is detailed in Figure 6.1.

During the primary survey, the athlete may not need to be moved immediately.
The athlete should be left in the position in which he/she is found throughout the
primary survey, unless there is immediate danger, cardiorespiratory emergency,
or airway compromise that needs attention. Each step of the algorithm should be
cleared before moving the player off the field, and it is important regularly to re-
evaluate these steps of the protocols to make sure the evaluation has not changed
since the initial examination. Practicing a consistent approach to the initial
assessment of an injured athlete helps ensure that important aspects of the
examination are not overlooked. The medical team should wear gloves whenever
managing an athlete and practice universal body precautions to avoid unnecessary
direct contact with body secretions and fluids.

Procedures
C-CPR
Assessment

Upon encountering a downed athlete, the most immediate, but rare, life-
threatening condition is cardiac arrest. A cardiac arrest may be suspected if
an athlete is unresponsive and not breathing normally (disregarding occasional
gasps). Concerns of sudden arrhythmia, myocardial infarction, shock, or blunt
trauma to the chest causing commotion cordis should trigger immediate CPR
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with chest compressions without assessing the pulse. CPR rarely leads to harm
in individuals found not to be in cardiac arrest, and so it should be initiated
if cardiac arrest is presumed.

Management

Chest compressions should be administered without delay during CPR with
evidence of improved patient survival. Checking the pulse and even protecting
the cervical spine to turn the player over cannot delay initiation of chest
compressions. Chest compressions should be carried out by hands with a suggested
rate of 100 compressions per minute at a depth of 5 cm, allowing the chest
to rebound. Cycles of 30 compressions can be performed, taking approximately

Primary Survey

CPR and

C spine control

Identity if there is cardiac
arrest

Immobilize the C-spine

Start CPR immediately if cardiac arrest
suspected

Activate Emergency Services immediately
Logroll patient if necessary and apply
rigid neck collar

Defibrillate if necessary

Airway

Make sure the airway
is patent

Make sure the patient is

B Breathing breathing spontaneously
Make sure the patient is c . Ise (<10 ds)
. an assess for pulse (<10 seconds),
Girculati Eeumn:gﬁ;:n!gﬂz;g?\t;le' but DO NOT delay CPR looking for pulse
irculation d oSV Check for abdominal or musculoskeletal
replacement and identify trauma as cause of occult blood loss
sources of blood loss
Assess for neurological éls;:::;:lo;:;aadsgfg (pupils and
D Disability injury; assess for significant Assess for fractures, dislocations, and

musculoskeletal trauma

neurovascular limb injury

Exposure and
Environmental

" N N N N NS

Make sure the patient is in
a safe environment

NV N N N N NS

Check for heat related illness and cold injury’
Transfer to spinal board if necessary
for transport

Figure 6.1 On-field management of the injured athlete — The primary survey
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18 seconds for each cycle. An automated external defibrillator (AED) has been
shown to be a crucial intervention in the event of a cardiac arrest. Cardiac rhythms
such as ventricular fibrillation and ventricular tachycardia can be converted to a
stable rhythm following defibrillation. The present suggestion is to administer chest
compressions for 2—3 minutes, most likely the time needed to prepare the AED
to deliver a shock. The chance of successful resuscitation decreases rapidly with
each passing minute, as vital tissue oxygenation decreases. The physician should
be familiar with use of an automated external defibrillator, which commonly can
identify shockable rhythms by administering the shock.

C - cervical spine precautions

Assessment

Because injury to the cervical spine can be overlooked and may have serious
consequences, immobilization of the cervical spine should be done initially.
Improper handling of an unstable cervical spine can cause spinal cord injury. If
the mechanism of injury is consistent with possible neck injury, or the patient
complains of persistent neck pain, a serious injury to the cervical spine should be
assumed. Unless an immediate cardiopulmonary emergency is occurring, the
athlete’s neck should be protected with in-line manual support and moved in a
controlled fashion.

Management

The helmet and any other equipment should be left in place unless it is necessary
to remove it for airway access. It is usually best to have a designated person
responsible for manually immobilizing the neck while other steps of the
resuscitation are performed. Neck extension or flexion should be avoided, and
in-line immobilization of the neck should be maintained until the cervical spine

is cleared or stabilized with a rigid cervical spine collar and/or secured to a spine
board.

The cervical spine must be protected throughout the primary survey, especially if
the athlete is unconscious or agitated. The neck is typically secured by holding
the head and providing in-line manual immobilization. In this maneuver, one
person puts a hand on each side of the athlete’s head to prevent sudden movement
or rotation of the neck, or holds the top of the shoulders using their forearms to
stabilize the head. Traction should not be applied. (See Figures 6.2A and 6.2B.)

A logroll maneuver is best avoided initially, especially if the athlete is stable. If an
emergency condition exists, and the athlete needs to be turned over from a prone
position, at least four people are suggested to perform a logroll maneuver (Figure
6.3). Three people kneel on one side of the player, while the leader provides in-
line immobilization to the head. The leader coordinates the roll of the athlete on
the “count of 3” toward the assistants. The team leader must make sure his/her
hands are crossed before logrolling the patient, so that they are in the proper
position when the patient is turned on to a supine position. Depending on what
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Figures 6.2 In-line immobilization techniques of the head and neck from above.
(A) Hands should stabilize the head on both sides, with the third,
fourth, and fifth fingers over the occiput. (B) Alternatively, stabilization
can be applied using the forearms to stabilize the head, with the
hands holding onto the shoulders

other injuries need to be addressed, the athlete may be moved afterwards onto
a spineboard before transfer.

A - airway

Assessment

Airway and ventilation are other initial priorities in the approach to an injured
athlete. Airway compromise is always a concern in the event of trauma around
the head and neck. If the athlete is unconscious, a common cause of airway
obstruction is the tongue falling back and occluding the airway. Oral trauma, facial
trauma, direct injury to the neck, and foreign objects such as the player’s mouth
guard are other causes of airway obstruction.
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Figure 6.3 Logrolling an athlete. (A) The leader and three assistants position
themselves at the head, torso, pelvis, and lower legs. The leader must
ensure that his/her hands are placed appropriately on the head.
(B) The leader counts to three and coordinates the logroll to 90°, and
then indicates the completion of the roll to the supine position.
Communication is important to successfully coordinate the logroll

When assessing the fallen athlete, a simple initial test is to ask the athlete a question,
such as what his/her name is. If the athlete can respond clearly, the airway and
ventilation should be secure. Abnormal breathing sounds, such as stridor, gurgling,
whistling, and gasping sounds, suggest partial airway obstruction.

Signs of airway obstruction in the athlete include agitation and a decreasing level
of consciousness. The athlete can be agitated because of difficulty breathing or insuffi-
cient oxygen. Intercostal retractions and use of accessory muscles for respiration
indicate that there is an airway or breathing problem. Cyanosis is a sign of hypox-
emia (low oxygenation) and can be seen as purplish discoloration over the nail beds
and around the lips. Cyanosis is harder to distinguish if the athlete has dark skin.
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Management

If the airway is compromised, the primary concern is to re-establish a secure, patent
airway. The first steps are to open the mouth and make sure there is no foreign
body in the mouth and that the tongue is not occluding the airway. This can be
done by performing the chin-lift maneuver. To perform the chin lift, place an index
finger under the athlete’s mandible and gently pull the lower lip down with your
thumb. It is important not to hyperextend or flex the neck when performing
the chin lift. In cases of airway compromise by the tongue, the tongue will often
fall forward with the chin lift and relieve the obstruction. However, if the tongue
is still a concern, the jaw-thrust maneuver can be performed by placing each
hand behind the angles of the lower jaw and displacing the mandible forward
(Figure 6.4).

The team physician should examine the mouth for foreign objects, such as a mouth
guard or dislodged teeth, and remove them with forceps. Otherwise, a finger sweep
of the mouth may be performed, using the index finger to remove any foreign
objects, taking care not to push objects further into the throat. Use extreme caution
if placing your fingers inside the mouth of an athlete, as there is a risk of a serious
finger injury if the athlete bites down. A suction device is extremely valuable if
blood or vomit needs to be cleared from the mouth.

An oropharyngeal airway is a hollow, curved device, which can be inserted
to provide a patent airway in an unconscious athlete. The size of the airway is
estimated by measuring the distance between the front of the teeth and angle of
the jaw from the side and comparing the length of the airway to match the distance.

Figure 6.4 Jaw-thrust maneuver. The index finger and middle fingers lift the angle
of the jaw forward on each side, while the thumbs pulls the lower lip
and chin down, opening the mouth. In-line immobilization of the neck
should be maintained
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The airway is inserted by positioning the concavity upwards toward the roof of
the mouth (upside down). The airway is slid along the roof of the hard palate until
the soft palate is reached. The device is then rotated 180° so that the concavity
is pointing down and positioned over the tongue.

A nasopharyngeal airway is a flexible hollow tube that can be inserted into the
nostril of an awake patient and into the back of the mouth, by-passing the tongue.
It should be lubricated well and inserted gently. A nasopharyngeal tube cannot
be used if there is trauma to the nose or midface.

In most cases, it should be possible to ventilate an unconscious athlete with an
oropharyngeal airway and bag-valve—mask device. However, if it is not possible
to maintain the airway and ventilate the patient, a definitive airway, such as an
orotracheal tube, a nasotracheal tube, or a surgical airway (cricothyroidotomy or
tracheostomy) is required. Another indication for inserting a definitive airway is
to protect the lower airways from aspiration of fluids. The physician should be
experienced in establishing a definitive airway if it is to be performed. Management
of the airway should not delay any CPR, but can be done in conjunction with
other activities if trained staff are available.

B - breathing

Assessment

Sufficient oxygenation is necessary to maintain the vital organs. After the airway
and cervical spine have been addressed, adequate ventilation should be checked.
By leaning over the athlete, the team physician can listen for breath sounds from

Figure 6.5 One-person ventilation with mask and bag. The third, fourth, and fifth
fingers of one hand draw the mandible forward, while the thumb and
index finger apply the mask to the face, creating a tight seal. The other
hand ventilates the athlete by squeezing the bag firmly
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the mouth and look for symmetric chest movements with breathing. Asymmetry
of chest movement suggests chest wall injury. Using a stethoscope, satisfactory air
entry with spontaneous breathing or assisted ventilation with a bag—valve-mask
device can be auscultated over each lung field. Blood or air in the chest may block
transmission of the breath sounds. The trachea can be palpated over the anterior
neck to check whether it is deviated from the midline. A tension pneumothorax
is suspected if an athlete has experienced severe trauma to the chest and is having
difficulty breathing, and the trachea is deviated away from the side of the chest
with decreased breath sounds (Figure 6.5).

Management

A bag-valve—mask device can be used to ventilate an athlete who is not breathing
spontaneously. Chest compressions still take priority over ventilation efforts,
although, if trained staff are available, ventilation can be delivered in conjunc-
tion with resuscitation efforts. Supplemental oxygen can be administered to the
athlete through the mask. Bag-valve-mask ventilation is performed with one or
two people. An appropriately sized mask is placed over the athlete’s mouth and
nose. If only one person is available, one hand is used to hold the mask in place,
and the other hand is used to ventilate the athlete by squeezing the bag device.
To maintain a good seal between the mask and the athlete’s face, apply pressure
by holding the mask in place with the thumb and index finger and draw the
mandible forward by placing the remaining fingers under the angle of the jaw
(Figure 6.5). If there is difficulty ventilating the athlete with this technique, suspect
airway obstruction, an equipment problem, or poor technique. If the athlete cannot
be ventilated, repeat the airway steps to rule out obstruction, check the equipment
for malfunction, and reapply the bag-valve-mask device.

Two people can administer ventilation more effectively. One person uses both
hands to apply the mask with a tight seal, while the second person ventilates the
athlete by squeezing the bag with both hands. Ventilation should be performed
at a rate of approximately one respiration every 5 seconds, or two respirations for
every 30 chest compressions if they are being performed.

Alternative means of ventilation include a pocket mask and mouth-to-mouth
resuscitation. A pocket mask has a mask to seal over the nose and mouth of the
athlete and a mouthpiece, so that ventilation can be administered by breathing
into the inlet. If there are no devices to ventilate the patient, then mouth-to-mouth
resuscitation can be performed. With one hand, pinch the athlete’s nose, and,
with the other hand, secure the chin and hold the mouth open. There should be
a tight seal between the administrator’s and the athlete’s lips, as the administrator
exhales deeply to inflate the athlete’s lungs.

Tension pneumothorax is a life-threatening injury. If a tension pneumothorax is
suspected, a large-bore needle should be inserted immediately into the chest cavity
anteriorly through the second intercostal space, to allow the air that is compressing
the lung to escape from the pleural cavity. The athlete then needs to be transferred
directly for definitive management, which includes chest-tube placement.
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A pulse oximeter is a useful device that can assess the athlete’s oxygen saturation
and peripheral perfusion. The sensor is usually applied to a finger, toe, or earlobe.
Oxygen saturation levels are normally close to 100% and become worrisome when
they drop near or below 92%.

C - circulation

Assessment

Assessing of the pulse can be performed later in the primary survey, as it should
not delay chest compressions, and pulse identification may be difficult even for
an experienced professional. To assess quickly, the cardiovascular system can be
reassessed first by feeling for the carotid pulse, which is easily checked by palpating
under the angle of the jaw. The carotid artery is more easily felt at lower blood
pressures than other peripheral pulses, such as the radial artery. If the carotid pulse
is absent on either side, and the athlete demonstrates other signs of shock, suspect
cardiac arrest or arrhythmia and consider initiating CPR immediately.

If there is a pulse, the athlete’s heart rate and rhythm should be assessed. The
rhythm should be regular, with no skipped or extra beats. The resting heart rate
for an adult usually averages between 60 and 100 beats per minute (bpm). Exer-
cising children can average 140 bpm or higher before 5 years of age and around
120 bpm before puberty. Trained athletes may have a lower resting heart rate
than the average individual, sometimes as low as 40 bpm in endurance athletes.
Therefore, a heart rate that suggests tachycardia may be deceptively lower for an
athlete. Athletes have better compensatory mechanisms for hypovolemia, so it is
even more difficult to recognize imminent shock.

Signs of shock other than tachycardia include peripheral vasoconstriction and
decreased level of consciousness. Test capillary refill of the digits to assess peri-
pheral circulation. If there is a high suspicion of shock, blood pressure measurement
may be used to confirm a low blood pressure or narrowed pulse pressure. In the
primary survey, measuring blood pressure, however, is not always practical.

An athlete who is tachycardic following a long period of exercise may be hypo-
volemic because of dehydration. However, in the event of trauma, bleeding must
be considered as a cause of hypovolemia. Internal bleeding into third spaces
such as the chest and abdomen, or from fractures of the long bones or pelvis, can
lead to significant blood loss that results in shock. Causes of nonhemorrhagic shock
include cardiogenic shock, tension pneumothorax, and neurogenic shock from a
spinal injury.

Management

If there is obvious bleeding, apply pressure dressings to the wounds. Elevate the
lower extremities above the level of the heart, unless there are complicating injuries
to the lower extremities. Application of a commercial tourniquet can be applied
to reduce blood loss from an injured extremity. Intravenous fluids can be
administered as soon as possible. Normal saline (0.9%) is the fluid of choice.
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Ringer’s lactate is an alternative. In cases of shock, 1-2 | of normal saline may be
given, and the response assessed. If there is absolutely no response, then non-
hemorrhagic causes of shock should be considered. If there is significant hemor-
rhage, the athlete may require blood transfusion at an appropriate medical facility.

D - disability

Assessment

Once the ABCs have been cleared, attention can be directed toward ruling out
“disability,” specifically intracranial, spinal cord, or peripheral limb injuries. While
identifying possible injury to the head and neck, do not move the athlete or remove
any athletic equipment, unless there are immediate life-threatening risks or danger
of further injury. In-line immobilization of the neck still needs to be maintained
throughout the assessment until a neck injury has been ruled out. Be aware that
a second, painful injury or recent drug or medication use can distract the athlete
from pain in the neck.

A significant head injury should be suspected if the athlete is unable to answer
coherently or is confused, or if there is any sign of open, depressed, or basal skull
fracture, two or more episodes of vomiting, and amnesia greater than 30 minutes.
Always suspect a serious head and neck injury in an unconscious athlete. Do not
try to revive the athlete by using smelling salts or ammonia, as the strong smell
may cause the athlete to jerk his/her head.

Signs of bleeding from the ears, nose, or mouth, or bruising around the eyes or
base of the skull, suggest a skull fracture and an underlying closed head injury (see
Chapter 21, Head and neck injuries). If the athlete does not have a normal level
of consciousness or has signs of head or neck trauma, he/she should be transferred
for definitive medical care.

A rapid neurological screen includes checking the athlete’s pupils with a penlight,
asking the athlete a few questions, and assessing movement in each extremity.
During the eye examination, look for spontaneous eye movement, size of the
pupils, reactivity of the pupils to light, and symmetry of extraocular movements.
Both pupils should react symmetrically to light. Dilation or sluggish light response
of one pupil suggests an intracranial injury, usually on the side of the enlarged
pupil. Abnormal extraocular movements suggest cranial nerve palsy and/or
additional intracranial injuries. Asking the athlete the initial question — for example,
“What is your name?” — can check the athlete’s verbal response and basic
cognitive function. Further questions, such as “Who are you playing today?”, “What
is the score?”, and “What were you doing when you got injured?”, can test the
athlete’s understanding and short-term memory. Motor function can be quickly
evaluated by asking the athlete to squeeze the examiner’s fingers and move the
toes. This also checks the athlete’s ability to follow commands.

By briefly performing eye, verbal speech, and motor testing, the Glasgow coma
scale can be estimated. The Glasgow coma scale is commonly used in North
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Table 6.1 Glasgow coma scale

Eye opening
Spontaneous
To voice
To pain

- N W N

None

Verbal response
Oriented
Confused
Inappropriate words
Incomprehensible sounds

= N W b~ U

None

Motor response
Obeys command
Localizes pain
Withdraws (pain)
Flexion (pain)
Extension (pain)

= N W b~ U1 O

None

America to evaluate severity of head injuries (Table 6.1). If necessary, a more
extensive neurological exam can be performed during the secondary survey (see
Chapter 21, Table 21.1).

To assess further for cervical injury, ask the conscious athlete if there is any pain
in the neck. The cervical spine can be felt very carefully and gently for tenderness.
If there is a risk of moving the neck to accomplish this palpation, or reported pain,
then this step should be deferred. Spasm of the neck muscles can result from direct
injury of the muscle or as a protective mechanism in response to a serious,
underlying injury to the neck.

An athlete who is unwilling to move the neck often has sustained a significant
neck injury. If it seems that the athlete does not have much neck pain and no
obvious serious neck injury, a simple screen is to ask the athlete who is lying in a
supine position actively to rotate his/her neck left and right to 45° and then lift
the head off the ground to touch the chin to the chest, if the pain is acceptable.
This test should be avoided if there is high suspicion of a neck injury. A dangerous
mechanism can include a fall from an elevation (five stairs or more), an axial
load to the head, or a motor vehicle accident. If the athlete is unable to do so or
is hesitant, avoid moving the neck and immobilize the spine until further
investigations have cleared the neck of injury. If the athlete is comfortable moving
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the chin to the chest, and there are no signs of serious injury, the athlete can be
removed from the event, and a more detailed examination to rule out causes of
head or neck pain may be done on the sidelines.

The extremities can be quickly examined for fractures, dislocations, or wounds:
look for areas of bleeding, swelling, and/or deformity. Palpating and logrolling each
limb can screen for obvious injury. If there is an injury to an extremity, it is
important to make sure that the athlete’s neurovascular status is intact by checking
sensation to light touch and pulses distal to the injury.

Management

In cases of both head and neck injuries, the stabilization procedures are similar,
because a significant head injury may have associated neck injury, and vice versa.
If an athlete complains of pain anywhere along the cervical spine, and/or a neck
injury is suspected, the cervical spine should be manually immobilized and then
protected mechanically with a rigid cervical spine collar, and the athlete should
be transferred immediately to hospital on a spine board for further evaluation.

Extremity fractures may be immobilized with prefabricated or vacuum splints until
they can be properly evaluated and treated. In the case of fracture causing serious
neurovascular abnormality, reduction of the fracture may be attempted, if transfer
of the athlete will be prolonged, and if the physician is experienced in the pro-
cedure. Alternatively, the injured limb may simply be splinted in a position that
decreases tension on the compromised vessels and/or nerves. If there is an obvious
dislocation, an experienced physician may try to relocate the joint on the field.
However, if the attempt fails, the extremity should be immobilized in a comfortable
position, as the dislocation may be complicated by a fracture or soft-tissue imposi-
tion. Associated vascular injury requires emergent transfer for further evaluation
and treatment.

E — environment or exposure

Assessment
The environment should be safe for the athlete and the caretakers while the
assessment is carried out; otherwise, the athlete should be moved to a safer

PRIMARY SURVEY TIPS

Identify and reverse any life-threatening injuries in a stepwise fashion.
Use the “C-ABCDE" approach (see Figure 6.1).

If a cardiac arrest is suspected, start chest compressions immediately.
Always suspect a cervical spine injury and provide in-line immobilization
of the neck until it is cleared from injury.

Practice universal body precautions.
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environment as soon as possible. Temperature, altitude, weather, and environ-
mental dangers can adversely affect the athlete further. One may suspect a heat
or cold injury to the athlete, based on the recent activity and the weather. Signs
of heat stroke include confusion, decreased level of consciousness, and hot, dry
skin, rather than profuse sweating. Signs of hypothermia are decreased level of
consciousness and cold, pale, cyanotic skin. Temperature illnesses are further
complicated if the athlete is dehydrated and/or has metabolic problems, for
example, acidosis, rhabdomyolysis, or hyponatremia.

Management

Heat or cold injuries should be addressed in the primary survey, and the patient
should be transferred to a medical facility if symptoms are severe. Accurate core
temperature is difficult to assess using oral, tympanic, or other external thermo-
meters. Re-establishing proper circulation with fluids by mouth or intravenously
will help the athlete correct a temperature-related illness. In cases of heat illness,
the athlete may need to be cooled down quickly by the removal of any heavy
clothing and equipment and the use of ice bags, water mist, or a water bath.
In athletes suffering from hypothermia, wet clothing and equipment should be
removed and replaced with warm blankets or other heating devices (such as air-
warmers).

Indications for emergency transfer

Abnormalities that are identified by the primary survey almost always require
transfer. Table 6.2 provides examples of serious problems that warrant transfer to
an appropriate medical care facility, but it is not exhaustive. The recommended
emergency protocol for “immediate transfer” requires that the athlete be stabilized
using the “ABCDE” approach and be taken to the appropriate medical facility.
Emergency transportation should be dispatched immediately after the injury
occurs, and the medical center should be contacted in order to inform the
medical staff of the condition of the athlete and any treatment administered so
far, once the athlete is being transferred. Conditions requiring “urgent transfer”
should be assessed at an appropriate medical care facility as soon as possible,
ideally within 4 hours of injury. If surgery or a procedure requiring sedation is
anticipated, the athlete should not take any fluids or food orally to facilitate
anesthesia.

Transferring an athlete

It is important to move the athlete in a controlled fashion, particularly if there is
a concern about possible spinal injury. Avoid rushing the athlete off the field or
allowing unsupervised assistance by other players. If serious injury to the head,
spine, or lower extremities is suspected, it is safer to transport the athlete from the
field via a spine board or stretcher with a rigid cervical collar. Applying in-line
immobilization of the neck, a lift-and-slide technique should be used, where six
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Table 6.2 Conditions requiring emergency transfer

Problem

Airway
Airway compromise

Anaphylaxis

Breathing
Respiratory arrest
Drowning

Tension
pneumothorax

Circulation
Cardiac arrest
Severe dehydration

Internal organ injury
(ruptured spleen, liver
laceration, fractured
kidney)

Hidden (internal) bleeding
(retroperitoneal bleeding,
third space bleeding, pelvic
or long-bone fractures)

Severe bleeding

Myocardial infarction
Disability

Suspected cervical spine
injury

Any suspected spine injury

Loss of consciousness,
declining level of
consciousness
Confusion, neurological
symptoms, worsening
headache

Fractures involving skull,
pelvis, long bones

FiM3

Recommended course of action following “ABCDE”
protocol

Immediate transfer (to an appropriate medical facility);
provide secure airway before transfer if possible

Administer epinephrine injection intramuscularly;
immediate transfer

Start CPR; immediate transfer
Start CPR; immediate transfer

Decompress pneumothorax with large-bore needle in
second intercostal space on affected side; chest tube if
possible; immediate transfer

Start CPR; defibrillation with AED; immediate transfer
Administer fluids; immediate transfer

Administer fluids intravenously; immediate transfer;
NPO; may require surgery

Administer fluids intravenously; immediate transfer;
NPO; may require surgery

Control bleeding; + administer fluids; immediate
transfer

Administer aspirin; immediate transfer

Cervical spine immobilization; immediate transfer on
spinal board; may require neurosurgical or orthopaedic
consultation

Cervical spine immobilization; immediate transfer on
spinal board; may require neurosurgical or orthopedic
consultation

Cervical spine immobilization; immediate transfer on
spinal board; may require CT scan

Urgent transfer; may require CT scan
Splint the injured extremity; administer fluids if

necessary; immediate transfer; NPO; will likely require
specialist consultation
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Table 6.2 continued

Problem Recommended course of action following “ABCDE”

Open fracture

Dislocations

Possible fracture or multiple
ligament injury
Neurovascular injury in the
extremities

Acute compartment
syndrome (in an extremity)

Environment/exposure

Heat illness

Hypothermia

Other emergency problems

Hypoglycemia/diabetic
insulin shock

Hyponatremia

Seizure

Dental injury

Eye injury

protocol

Splint the injured extremity with a sterile dressing over
the wound; administer fluids if necessary; immediate
transfer; NPO; likely requires orthopaedic
consultation; needs antibiotic coverage
Splint/support the injured extremity; immediate
transfer if dislocated; urgent (as soon as possible)
transfer if reduced; may require orthopaedic
consultation

Splint/support the injured extremity; urgent transfer;
may require orthopaedic consultation

Reduce fracture or dislocation; splint/support the
injured extremity; urgent transfer; NPO; may require
surgical or orthopaedic consultation

Splint/support the injured extremity; urgent transfer;
NPO; may require orthopaedic consultation

Cool patient (water, ice bags); administer fluids;
remove excess clothing; immediate transfer

Warm patient (blankets, dry clothes, use body heat if
necessary); remove wet clothing; immediate transfer;
avoid rapid rewarming if severe hypothermia

Administer glucose by mouth or intravenously;
immediate transfer; may require glucagon injection
intramuscularly

Fluid-restrict athlete; transfer immediately to obtain
labs for sodium level and possible hypertonic saline
solution

Logroll patient on side to avoid aspiration; immediate
transfer; administer benzodiazepine rectally or intra-
venously (if prolonged seizure of more than 30
minutes)

Urgent transfer for dental consultation; place any loose
teeth or fragments in an appropriate transport medium
Apply eye shield for protection; avoid increasing
intraocular pressure; immediate transfer; may require
ophthalmology consultation

Notes:

Immediate transfer = athlete should be transferred emergently without delay; the athlete should be sent
to an appropriate medical facility with services available to manage the specific injury (i.e. trauma
center).

Urgent transfer = athlete should be transferred on an urgent basis and evaluated at an appropriate medical
facility as soon as possible, ideally within 4 hours.

CPR = cardiopulmonary resuscitation; AED = automated external defibrillator; CT scan = computed
tomography scan; NPO = “nil per os” — no oral intake of fluids or food.
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Figure 6.6

The lift-and-slide technique, ideally
performed with six or more persons
but can be done with four.

(A) A leader provides cervical spine
immobilization, while other staff
are positioned on each side at the
shoulders and thorax, hips and
legs, respectively.

(B) The leader counts to three, and all
assistants lift the athlete
approximately 6 inches off the
ground, while an individual slides
the spine board beneath the
athlete.

(C) On a second count of three, the
staff lower the athlete on to the
spine board.
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or more people lift the supine athlete and slide a spine board underneath (Figure
6.6). This method has been reported to produce less motion at the head and in
the cervical spine than the logroll technique, during which the athlete can be tilted
45° to the side and a spine board can be slid underneath the player. Either should
be used in appropriate situations. An appropriately sized, rigid neck collar should
be applied to the patient to immobilize the neck in a neutral position (Figure 6.7).
Indications for application of a rigid collar include significant trauma to the neck
or upper back, head injury, post-traumatic loss of consciousness, post-traumatic
shock, neurological deficits consistent with central nervous symptom dysfunction,
intoxication, inability to speak, or another injury that may be “distracting” the
athlete away from the neck. The occiput of very young children is prominent,
related to their proportionately larger head size. In this situation, padding (around
1 inch) may be needed under the shoulders to bring the cervical spine into neutral
position. Similarly, adjustments in the height of the head or shoulders should be
made with padding to ensure proper alignment of the neck in an athlete wearing
a helmet or shoulder pads. The forehead, chin, trunk, and pelvis are secured to
the board with straps. Supports, sandbags, or intravenous fluid bags are placed
next to the athlete’s head and secured with tape or straps. The athlete should be
kept on the spine board until transferred to an appropriate medical facility for
testing and definitive management.

Ideally, a secure airway should be established before the athlete is transferred. In
most cases, unless there is impending airway compromise, the head protection
should be left in place. However, anything obstructing access to the airway, such
as a face mask, should be removed. The medical team should be aware of how
the equipment is removed in an acute situation without causing further injury.
The equipment should be cut away rather than unnecessary time being spent to
preserve the equipment. Remember that the most important concern is the health
of the athlete. If possible, the team physician or certified health professional should
accompany the athlete to the hospital.

The secondary survey

The secondary survey is performed on the sidelines, or preferably in a designated
room that is private and quiet, with adequate lighting. The purpose of the
secondary survey is to identify all musculoskeletal or organ injuries resulting from

SECONDARY SURVEY TIPS

Perform the survey in a controlled environment.

Carry out detailed examinations of any injured system or joint; rule out
associated injuries.

Administer first-aid treatments.

FiM3
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Figure 6.7 Application of rigid neck collar. (A) In-line immobilization is maintained
as the collar is passed behind the neck. (B) The back of the collar is
positioned behind the neck. (C) The front of the collar is wrapped
anteriorly under the chin and secured with straps, thus immobilizing
the cervical spine
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Secondary Survey

Head to toe examination ;\L\Iﬂtﬁczl?sl;eletal Injury

. . : Modified activity
Cervical spine I: loe
Ears, eyes, nose, throat, dental C: Compression

i E: Elevation
Resplratory system Splint if necessary
Cardiovascular system Crutches if necessary
Abdominal and genitourinary exam Transfer if suspected fracture,

ligaments injury or

*
Musculoskeletal exam neurovascular concermn

Neurological exam
(including cognitive
functioning and
provocative testing)

Observe with potential Out of play
to return to play Follow up arranged

|

Can athlete play safely?
l Yes |—No

Can athlete play effectively?
l Yes L No

Disposition Transfer to hospital

A

Can athlete play pain free?
l Yes L—No—1
RETURN TO PLAY

Figure 6.8 On-field management of the injured athlete — The secondary survey

the injury. A thorough examination is carried out, including a detailed examination
of any apparently abnormal system or joint. More first aid treatments can be
administered at this time. The athlete can be observed and functionally tested if
there is consideration of a return to competition.

First aid

Beyond identifying life- and limb-threatening injuries and stabilizing the patient,
the team physician should be comfortable administering first aid. The athletes
benefit greatly when the physician is able to manage minor problems that allow
the athlete to return to competition. However, it is important for the physician to
recognize his/her limitations in terms of skills and resources. The physician should
decide in a timely fashion whether transfer to a medical center for appropriate
investigation or more definitive medical care is necessary. In cases where there is
remote access, or if partial evaluation and treatment can be safely done on-site,
with plans for early follow-up and further care, the physician may decide to manage
the problem or perform procedures on-site at the sports event.

FINS
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Skills that are useful on the sidelines include suturing and wound care; taping and
splinting joints; applying pressure bandages; applying protective devices such as
eye shields and protective padding; and maneuvers such as application of ice and
heat, stretching the athlete, and simple massage. It is also helpful to understand
the roles and skills of the other medical team members in order to direct care of
the athletes appropriately.

Suturing and wound care

The physician may be required to treat lacerations and wounds, especially in
contact sports. A physician should be familiar with sterile suture techniques in order
to repair simple lacerations. Antiseptic or other cleansing solution, local anesthetic,
suture materials, a needle driver, scissors, forceps, and gauze are supplies needed
to repair a laceration. Small or superficial wounds may be closed with sterile
adhesive strips or surgical glue.

Before closing a laceration, clean the wound with irrigation with a large amount
of sterile saline or antiseptic solution. Avoid using hydrogen peroxide or iodine
unless the wound is extremely dirty or there are no other solutions available.
Debride any dead tissue or uneven edges and remove any foreign bodies. Wounds
that are dirty and have a high risk of infection may be left open until they can be
more definitely treated at a medical facility. Local anesthetic may be infiltrated in
the wound edges or in the appropriate nerve block location to decrease sensation
in the area. Do not inject epinephrine near fingers, toes, or other body appendages.
Remember to check the status of the athlete’s immunizations, as tetanus
prophylaxis is usually necessary every ten years.

Proper application of bandages, dressings, and padding is important for managing
open wounds. For persistent bleeding, apply a compressive, pressure bandage to
the wound, using adequate amounts of absorptive, sterile gauze or pads. Bandages
that are wrapped circumferentially around a limb should not be applied too tightly.
Cyanosis or pallor of the limb distal to a circumferential compressive dressing may
indicate a tourniquet effect, and the circumferential wrap may need to be removed
if transfer is delayed. A circumferential wrap may be used to wrap dressings around
the head. If a pressure bandage cannot be applied, hold the gauze over the wound
with firm, constant pressure to stop bleeding.

Abrasions should be cleansed with sterile gauze and normal saline. All debris, such
as dirt and gravel, should be removed from the wound. Affected areas should be
covered and protected with a bandage.

Athletic taping

Knowledge of basic athletic taping and splinting can be useful for managing and
protecting soft-tissue and joint injuries. Taping can be helpful in the event of mild
sprains, particularly of the ankle, wrist, and fingers, as well as in cases of patello-
femoral pain and various foot problems.
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Splinting and protection

If there is a significant injury to a bone or joint, splinting may be required. To
splint a bone or joint, immobilize the joint above and below the area of injury to
prevent movement. Preformed or commercial splints can be useful in the event
of an injury requiring rapid immobilization.

To protect a tender area, such as a deep muscle contusion, a doughnut-shaped
pad helps avoid direct pressure over the injured area. A circular-shaped pad made
of foam or other viscoelastic material, with the center cut out, can be secured to
the injured area to reduce contact and pain. To protect an eye injury from further
damage, secure an eye shield over the eye using three long strips of tape, from
the forehead to the cheek, on the affected side.

Reducing dislocations

Joint dislocations are usually the result of a high-impact trauma. Oftentimes, the
dislocation can be safely reduced at the fieldside. Dislocated joints can be more
easily reduced early, before pain, muscle spasm, and swelling become too
significant. Dislocations can have associated neurovascular injuries and require
emergency evaluation. Reduction of a dislocation can be complicated by soft-tissue
imposition in the joint or by fracture, particularly in skeletally immature athletes.
Therefore, reduction attempts should be limited, if success is not achieved initially.
The physician should be familiar with joint reduction techniques before attempting
these maneuvers.

The shoulder is the commonest large joint to be dislocated. More than 90% of
shoulder dislocations are anterior. Several techniques are described to reduce the
shoulder. Hip dislocation requires emergent reduction to decrease the chance of
avascular necrosis of the femoral head. Hip dislocation is very often associated
with fracture of the acetabulum and/or femoral head and usually requires heavy
sedation or general anesthesia for reduction at an appropriate facility. A knee
dislocation may be reduced on the field. However, it requires further emergency
evaluation because of the high risk of associated neurovascular injury. The patella,
which typically dislocates laterally, often can be reduced on the sideline by
extending the knee and manually moving the kneecap into its normal position in
the trochlear groove. After reduction, the knee should be evaluated for any associ-
ated ligament, neurovascular, or osteochondral injury. The elbow, ankle, or foot
may be reduced before urgent transfer to a medical care facility, depending on
the training and experience of the physician. Dislocations of the interphalangeal
joints of the fingers may be assessed, reduced, and protected with athletic taping
or a lightweight aluminum-foam splint. The injured finger can be buddy taped to
an adjacent finger, which is used as a natural splint. Return to play should be
decided on an individual basis. Dislocation injuries are accompanied by ligament
injury and sometimes fractures, and so further evaluation should be considered,
even if the athlete is allowed to return to the contest.
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Physical therapy

The team physician should be familiar with some therapeutic maneuvers for
treating early sports injuries, especially if no trainer or therapist is available. Simple
massage techniques, icing, stretching maneuvers, and rehabilitation exercises can
be useful for acute soft-tissue injuries, such as sprains, strains, and contusions.

Return-to-play guidelines

Return-to-play decisions are usually made on an individual basis. To clear an
athlete for return to play, the physician must determine if the individual can play
the sport safely and effectively and can perform pain free (Figure 6.1, B). If safety
is a concern, play is not allowed. However, if it is felt that the athlete can play
safely, albeit with pain, the contraindications for return to play become relative.
The effectiveness of play, often in consultation with the coach, then becomes a
determining factor. Finally, if the athlete is experiencing significant pain with
competition, the physician, coach, and athlete should seriously consider not
returning him/her to play, as the injury may be underestimated. The rule of thumb
is, “when in doubt, sit it out.”

RETURN-TO-PLAY TIPS

The athlete should be safe from further injury, effective in participating,
and relatively pain-free before returning to play.
"When in doubt, sit it out.”

An athlete should be tested functionally to ensure that he/she is fit to compete.
The athlete should be asked to perform sport-specific drills to test balance,
absence of symptoms, pain tolerance, and effectiveness in sport. Examples of useful
sideline drills are a 40-m sprint, five push-ups, and five sit-ups, or other common
sport-specific maneuvers. If the athlete is unable to demonstrate reasonable
effectiveness on the sideline, he/she has limited ability to compete and may be at
risk of making the injury worse.

PRE-EVENT PLANNING

Whether it is a local community sports event or a professional-level competition,
the principles for event coverage are the same. However, the risk of injuries,
resources, budget, and expectations following decisions vary. The nature of the
sport, the number of participants, and the environment are important consid-
erations. For the sports physician, management of the collapsed athlete begins
before the injury occurs, with proper preparation.

Appropriate staff should be organized to meet the demands of the event. The
number and type of caregivers should be adequate, based on the number of
participants, the risk of injury in the sport, and past experience of the event
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organizers. It is important that physicians and other qualified staff be trained in
basic cardiac life support or CPR techniques. Staff members with experience or
courses in trauma management are extremely beneficial.

Depending on the location and level of the event, resources can be limited. The
physician should arrange to have easily accessible communication, medical
supplies, and, most importantly, a means of transport for the athlete to a medical
facility. Table 6.3 outlines some basic, recommended supplies for event coverage.
The necessary supplies can vary, depending on the nature of the sport, the number
and severity of injuries expected, the number of athletes participating, and the
experience of the physician. A team physician should be familiar with the use of
all the equipment in the medical bag.

The physician should carefully study the competition venue. Medical care areas
should be strategically placed to facilitate quick and easy access to an injured
athlete, in locations where injuries will likely occur. For example, in planning a
marathon, the team physician should consider the course and anticipate most
injuries and hydration problems to occur at, or near, the finish of the race. The
most practical access route for ambulance transfer of an athlete to a medical facility
should be planned in the event of an emergency. It is important to practice
emergency protocols, so that all staff members are familiar with their roles, and
any potential problems in the plan can be corrected. A communication network
among staff, the transport team, and the hospital should be planned for well before
the event begins. Cellular phones and two-way radios are extremely useful means
of communication.

Weather on the day of the event is an important factor. The physician needs to
determine the safety of holding the event and estimate the risk of temperature
illness for the athletes on the given day. When the ambient temperature increases
over 23°C (> 73°F), there is a higher risk for heat illnesses. Temperatures above
28°C (> 82°F) can be hazardous. Hypothermia becomes a concern as ambient
temperatures drop, depending on the sport and clothing worn. For aquatic events,
particularly outdoors, the physician must be aware of the water temperature. Water
below 10°C is hazardous. The athletes should be made aware of weather warnings
and recommended clothing before the event begins.

PRE-EVENT PLANNING TIPS

Proper preparation is the key to successful event coverage.

At minimum, the physician must be able to communicate with further
medical staff and have adequate medical supplies to initially treat, and a
means of transferring, an athlete to an appropriate medical facility.
Study the competition venue for areas of potential injury and access to
injured athletes.

Practice the emergency protocols.

Consider temperature, weather, and environment as potential risks.
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Table 6.3 Suggestions for a medical bag and supplies

CPR and Cervical Spine
Automatic External Defibrillation device

Airway and ventilation supplies

Bolt cutters or heavy scissors to remove
equipment if necessary

Oropharyngeal (Oral) airways, various sizes

Nasopharyngeal (Nasal) airway

Pocket mask for ventilation

Bag-valve-mask (masks and ventilation
bag)

Intubation equipment (Endotracheal tubes
with stylet, large forceps (McGill

Circulation supplies

Intravenous catheters
Intravenous fluids (Normal saline or
Ringer’s lactate)

Miscellaneous

Exam gloves (non-sterile and sterile pairs;
latex and non-latex)

Bandage/trauma shears (to cut through
clothes, tape)

Absorbent 4x4 gauze, sterile

Sterile dressings and bandages

Band-Aids

Tongue depressors

Cotton tip applicators

Athletic tape

Alcohol swabs

Antiseptic solution

Disinfectant

Lubricant

Salt packets =+ electrolyte powder/
solution

Ice

Syringes and needles

Suture kit (needle driver, forceps, scissors,
scalpel, suture material, flexible skin
closure strips)

Sharps box

Medications

Injectable Epinephrine (1: 1000 solution,
prefilled syringes)

Dextrose (50%, prefilled syringes)

Nitroglycerine (spray or tablets)

Aspirin chewable tablets

Beta Agonist inhaler

Aerochamber

Analgesic medications

FiM3

Rigid cervical spine collar of appropriate
sizes for the athletes

forceps), laryngoscope with blade (and
batteries))

14 gauge catheter for tension
pneumothorax

Cricothyroidotomy kit

Syringe (10 mL)

Lubricant

Portable suction (manual)

Oxygen tank and reservoir

Intravenous line tubing
Tape to fix IV catheter in place
Rubber tubing for tourniquet

Red biohazard bag

Penlight

Stethoscope

Blood pressure cuff
Oto/ophthalmoscope with blue filter
Oral/rectal thermometer

Reflex hammer

Rapid Splint (for arm or leg)

Eye shield

Mirror

Fluorescein eye drops and cobalt blue light
Tooth transport medium

Foil blanket

Urine dipsticks

Tampons

Plastic bags for ice, biohazard
Prescription pad/forms/paper/pen
List of banned substances

For Transport

Spineboard with side head supports
Stretcher

Crutches (= wheelchair)

Anti-inflammatory medication

Antibiotic medication

Local anesthetic solutions

Oral glucose paste or tablets

Topical medications (antibiotic, steroid
cream, sunscreen)

Other medications
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TRAVELING WITH A TEAM

When traveling with athletes, the team physician should study the country and
location in which the competition is being held. The physician should investigate
the common illnesses, the local communicable diseases, and any immunizations
that may be necessary to enter the country or are recommended for foreign
travelers. This should be done several weeks, or even months, in advance to
properly administer immunizations.

Time change and high altitude are also issues that can affect athletic performance.
Athletes often need at least 24-48 hours to acclimatize to a time change. In cases
of climate or altitude changes, the acclimatization process may take anywhere from
one to three weeks.

It is useful for the physician to learn and inform the athletes of some of the customs
of the area visited. The team physician should be aware of the local food and
water safety, and the level of hygiene. Athletes should be advised to carry bottled
water and some food supplies if they are not accustomed to the food and drink
in the location visited. The physician should be aware of the travel arrangements,
accommodations, and modes of transportation in the destination country. The
commonest cause of death in foreign countries is from motor vehicle accidents.

Finally, it is important for the team physician to be familiar with the athletes and
their individual medical problems. Meeting with them before travel and
competition helps the physician develop a rapport with the athletes and anticipate
any special needs or medications required. A conscientious, well-prepared team
physician can provide a healthy environment, which may increase the confidence
of the athletes in their performances and reduce the consequences of sports injuries
if they occur.
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CHAPTER 7

DRUG TESTING AND DOPING

Eduardo Henrigue De Rose and
Marco Michelucci

The personal and financial rewards of modern sport can create unhealthy desires
to win at all costs. To gain a competitive advantage, some athletes may use ergo-
genic aids, which enhance sporting performance beyond that attainable through
genetic ability and training. Ergogenic aids can be grouped into five categories:

pharmacological (performance-enhancing drugs, e.g. anabolics or stimulants);
physiological (e.g. blood doping);

psychological (e.g. hypnosis);

mechanical (e.g. clothing or equipment);

nutritional (dietary supplementation).

Pharmacological and physiological aids are often referred to as “doping.” To ensure
a level playing field, doping is controlled by sports governing bodies. Sports govern-
ing bodies, international and national sports federations, and national Olympic
committees have agreed to follow the rules established by the World Anti-Doping
Agency (WADA) and its World Anti-Doping Code, approved in 2003. Since its
foundation in 1999, WADA is the non-governmental agency responsible for
publishing and revising the International Testing Standards (ITS) and the annual
List of Prohibited Substances and Methods.

The World Anti-Doping Code was created to reach harmonization in the world
of anti-doping, in terms of procedures and sanctions. The code established a new
definition for doping, and the following constitute anti-doping rules violation
(ADRV):

the presence of a prohibited substance or its metabolites or markers in an
athlete’s body specimen;

use or attempted use of a prohibited substance or prohibited method;
refusing, or failing without compelling justification, to submit to sample
collection after notification as authorized in applicable anti-doping rules or
otherwise evading sample collection;
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violation of applicable requirements regarding athlete availability for out-of-
competition testing, including failure to provide required whereabouts
information and missed tests that are declared based on reasonable rules;
tampering, or attempting to tamper, with any part of doping control;
possession of prohibited substances and methods;

trafficking in any prohibited substance or method;

administration or attempted administration of a prohibited substance or
method to any athlete, or assisting, encouraging, aiding, abetting, covering
up, or any other type of complicity involving an anti-doping rule violation or
any attempted violation.

The new concept of doping establishes that not only enhancing substances should
be considered as such, but also substances that affect the health of the athlete or
are against the spirit of the game. When two of these three conditions are present,
we may have an ADRV.

Today, the problem of doping in sports concerns not only the Olympic Movement
and public authorities, but also associations that bring together sports specialists,
including the oldest of these, FIMS. The number of positive cases of doping has
increased considerably during the past several years. This increase is no doubt
related to the huge amounts of money involved in professional sport, as well as
the increasing number of competitions around the world — a situation that forces
athletes into year-round training and multiple competitions.

These factors make it impossible for athletes to find adequate rest periods, which
is the reason for many stress traumas and for athletes’ attempts to improve their
metabolism using forbidden substances or doping methods.

The team physician must have a keen knowledge of banned substances and
techniques, as well as drug testing procedures. He/she should also be aware of
the adverse effects of performance-enhancing drugs, which may require medical
treatment. In this context, the team physician has a number of roles, acting as:

educator
healer
detective and
counselor.

PROHIBITED CLASSES OF SUBSTANCES AND METHODS

WADA has a Foundation Board formed of an equal number of members from the
Olympic Movement and from the public authorities of the five continents. The
List of Prohibited Substances given in this chapter is the one published by WADA
in October 2011 and is valid for the year 2012.

The prohibited list is currently classified in pharmacological groups and methods.
Some of the substances are prohibited only in specific sports.
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Substances and methods prohibited at all times (in- and
out-of-competition)

Prohibited substances

S0. Non-approved substance

Any pharmacological substance that is not addressed by any of the subsequent
sections of the list and with no current approval by any governmental regulatory
health authority for human therapeutic use is prohibited at all times.

S1. Anabolic agents

This class of substances includes the anabolic androgenic steroids and the Beta,-
agonists.

1. Anabolic androgenic steroids: Examples of androgenic steroids are andro-
stenediol, androstenedione, bolandiol, bolasterone, boldione, clostebol, de-
hydrochlormetyltestosterone, epiandrosterone, dihydrotestosterone, testos-
terone, fluoxymesterone, methandienone, methenolone, nandrolone, 19-nor-
androstenediol, 19-norandrostenedione, oxandrolone, stanozolol, and other
substances with similar chemical structure or similar biological effect(s).

2. Exogenous anabolic androgenic steroids: Examples of exogenous anabolic
steroids are androstenediol, androstenedione, dihydrotestosterone, and testos-
terone and their metabolites and isomers.

3. Other anabolic agents: Examples of other anabolic agents are clembuterol,
selective androgen receptor modulators (SARMs), tibolone, zeranol, zilpaterol.

It is important to note that some dermatological creams used for gynecological
and urological reasons, and for better healing of the skin, may include anabolic
agents such as clostebol in their formula.

Some birth-control pills must not be used in athletes. For example, the use of pills
that contain norentindrone may result in a positive test for 19-norandrosterone.

§2. Peptide hormones, growth factors, and related substances
The following substances and their releasing factors are prohibited:

Erythropoiesis-stimulating agents.

Chorionic gonadotrophin (CC) and Luteinizing hormone (LH) in males.
Insulins.

Corticotrophins.

Growth hormone (GH) and insulin-like growth factor (IGF=1), as well as any
growth factor affecting muscle, tendon, or ligament protein synthesis or
degradation, vascularization, energy utilization, regenerative capacity or fiber
type switching, and other substances with similar chemical structure or similar
biological effect(s).
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Although the use of synthetic hormones is growing among athletes, their cost is
still very high, limiting widespread use. On the other hand, standardized methods
for laboratory detection in urine samples do not exist for all hormones, as
techniques for the manufacture of these synthetic hormones, employing genetic
engineering, are capable of producing molecules identical to endogenous
hormones.

Erythropoietin (EPO) regulates the number of red cells in the blood. It is mainly
produced by the kidneys and travels to the bone marrow, stimulating the pro-
duction of red cells. The use of EPO increases the percentage of reticulocytes, the
hematocrit, and the count of hemoglobin in the blood. Athletes use it to increase
muscle oxygenation. Thus, it is particularly important in endurance sports.

It is known that administration of human CG and similar components leads to an
increase in the endogenous production of androgen steroids. It acts in a similar
way to LH, present in the physiologic path of production of male hormones. These
are prohibited in men only.

Insulin is permitted only to treat insulin-dependent diabetes, after approval of
the Therapeutic Use Exemption (TUE) by the international sport federation con-
cerned.

The effect of corticotrophin administration is considered analogous to that of oral,
intramuscular, or intravenous use of corticoids.

GH stimulates growth, promotes protein synthesis, and breaks down fat, thereby
increasing lean body mass. There is great concern about GH use among athletes.
It is possible to detect GH in blood, but the window is not very large.

The presence of an abnormal concentration of an endogenous hormone or its
diagnostic markers in the urine of a competitor constitutes a doping offense, unless
it has been conclusively documented to be solely due to a physiological or patho-
logical condition.

S4. Hormone and metabolic modulators
The following are prohibited:

1. Aromatase inhibitors.
Selective estrogen receptor modulators (SERMs), including, but not limited to,
raloxifeno, tamoxifeno, and toremifeno.

3. Other anti-estrogenic substances, including, but not limited to, clomiphene,
cyclofenil, and fulvestranto.

4. Agents modifying myostatin function(s), including, but not limited to, myostatin
inhibitors.

5. Metabolic modulators: Examples are peroxisome profilator activated receptor
(PPARO) agonists and PPARo-AMP-activated protein kinase (AMPK) axis
agonists.
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SUBSTANCES AND METHODS PROHIBITED

In- and out-of-competition

Substances

m Non-approved substances.

m Anabolic agents.

m Peptide hormones, growth factors, and related substances.
W Beta,-agonists.

m Hormones and metabolic modulators.

m Diuretics and other masking agents.

Methods

m Enhancement of oxygen transfer.
m Chemical and physical manipulation.
m Gene doping.

In-competition

m Stimulants.

m Narcotics.

m Cannabinoids.

m CGlucocorticosteroids.

Particular sports

m Alcohol.
m Beta-blockers.

S5. Diuretics and other masking agents

Masking agents include diuretics, desmopressin, plasma expanders such as glycerol,
intravenous injection of albumin, dextran, hydroxyethynil starch, and manitol.

Diuretics include acetazolamide, amiloride, bumetanide, canrenone, chlor-
thalidone, ethacrynic acid, furosemide, indapamide, metolazone, spironolactone,
thiazides, and other subsrtances with similar chemical structure and similar
biological effect(s).

It is important to note that a TUE for diuretics is not valid if an athlete’s urine
contains a diuretic in association with prohibited substances.
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Prohibited methods

M1. Enhancement of oxygen transfer
The following are prohibited:

1. Blood doping, including red cell products of any origin.

2. Artificially enhancing the uptake, transport, or delivery of oxygen, including
perfluorochemicals, efaproxiral (RSR13), and modified hemoglobin products,
but excluding supplemental oxygen.

Blood doping includes the transfusion of autologous, homologous, or heterologous
blood and red blood cell products of any origin, other than for medical treatment
(hemorrhage or acute anemia). If such a situation occurs, the team physician may
submit the case to the TUE committee of the international sports federation
concerned, and an exception may be granted.

M2. Chemical and physical manipulation
The following are prohibited:

1. Tampering, or attempting to tamper, in order to alter the integrity and validity
of the samples collected during a doping control is prohibited. This includes
urine substitution and adulteration.

2. Intravenous infusion and/or injections of more than 50 ml per 6-hour period
are prohibited, except for those legitimately received in the course of hospital
admission or clinic investigations.

3. Sequential withdrawal, manipulation, or reintroduction of whole blood, in any
quantity in the circulatory system.

M3. Gene doping
The following, with the potential to enhance sport performance, are prohibited:

1. The transfer of nucleic acids or nucleic acid sequences.
2. The use of normal or genetically modified cells.

SUBSTANCES PROHIBITED IN-COMPETITION ONLY

Stimulants

All stimulants are prohibited, except imidazole derivates for topical use and those
stimulants included in the 2012 Monitoring Program.
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Stimulants included:

(@) Non-specific stimulants

Adrafinil, amfepamone, amiphenazole, amphetamine, anphetaminil, ben-
fluorex, benzphetamine, benzylpiperazine, bromantano, clobenzorex,
cocaine, cropopamide, crotetamida, dimethylanphetamine, ethilanphet-
amine, famprofazona, femproporex, fencamina, fendluramine, fenethyline,
furfenorex, mefenorex, mephentermine, mesocarbo, methamphetamine,
methylanphetamine, methylenedioxyamphetamine, methylenedioxymeth-
amphetamine, modafinil, norfenfluramina, phendimetrazine, phenmetrazine,
phentermine, 4-phenylpiracetam, prenylamine, and prolintano. A stimulant
not listed in this section is a specified substance.

(b) Specified stimulants

Adrenaline, cathine, ephedrine, etamivan, etilefrina, fenbutrazato, fencm-
famin, heptaminol, isometheptene, levmetamfetamine, meclofenoxato,
methylephedrine, methylhexaneamine, methylphenidate, nikethamide,
norfenefrina, octopamina, oxilofrina, parahydroxyamphetamine, pemolina,
pentetrazola, phenpromethamine, propylhexedrine, pseudoephedrine, sele-
gilina, sibutramine, strychnine, tuaminoheptano, and other substances with
similar chemical structure or similar biological effect(s).

Table 7.1 Threshold of urinary concentrations for
report of an adverse analytical result,
according to the prohibited list of WADA

(2012)
Substance Concentration
Cathine > 5 ug/ml
Ephedrine > 10 pg/ml
Methylephedrine > 10 ug/ml
Pseudoephedrine > 15 ug/ml

Some specific stimulants have a minimum threshold in urine to be considered as
an adverse analytic result, as shown in Table 7.1.

The following substances included in the 2012 Monitoring Program (bupropion,
caffeine, nicotine, phenylephedrine, phenylpropanolamine, pipradrol, and syn-
ephrine) are not considered as prohibited substances.

Local administration of adrenaline (nasal or ophthalmologic) or co-administration
with local anesthetics is not prohibited.
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S7. Narcotics

The following are prohibited: Buprenorphine, dextromoramide, diamorphine
(heroin), fentanyl, hydromorphoine, methadone, morphine, oxycodone, oxy-
morphone, pentazocine, and pethidine.

S8. Cannabinoids

Natural (cannabis, hashish, marijuana) or synthetic delta 9-tetrahydrocannabinol
(THC), and cannabimimetics (Spyce and HU-210) are prohibited.

S9. Glucocorticosteroids

All glucocorticosteroids are prohibited when administered by oral, intravenous,
intramuscular or rectal routes.

SUBSTANCES PROHIBITED IN PARTICULAR SPORTS

P1. Alcohol
P2. Beta-blockers

The sports where they are prohibited are shown in Tables 7.2 and 7.3.

Table 7.2 Table 7.3
International federations that have banned  Sports where beta-blockers are
alcohol prohibited in-competition, according to

the prohibited list of WADA (2012)
Federations

Aeronautic FAI ﬁersnautlc Eﬁ\rlA
Archery FITA rchery .

; Automobile FIA
Automobile FIA Billiard WS
Karate WKF B' t')alr s ) -

obsle
Motorcycling FIM 18
ii Boules CMSB
Skiing FIS .
Bridge FMB
The doping violation threshold for alcohol (hemato-  Darts WDF
logical value) is 0.10 g/l, according to the prohibited
list of WADA (2012) Golf IGF
Nine-pin bowling FIQ
Power boating UIM
Shooting ISSF*
Skiing FISt
Notes:

* Also prohibited out-of-competition.

+ In sky jumping and free style/and snowboard.

FiM3

WwWW.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

Table 7.4 Specified substances in agreement with Art.
4.2.2, from the World Anti-Doping Code and
according to the 2012 prohibited list

S3.  Beta,-agonists

S4.1 Aromatase inhibitors

S4.2 Selective estrogen receptor modulators (SERMs)
$4.3 Other anti-estrogenic substances
S5.  Diuretics and other masking agents
S6.b  Specified stimulants

S7. Narcotics

S8.  Cannabinoids

S9.  Clucocorticosteroids

P1.  Alcohol

P2.  Beta-blockers

Specified substances

According to the prohibited list of 2012, there are some substances that are
particularly susceptible to unintentional anti-doping rule violations because of their
general availability in medical products or that are less likely to be successfully
abused as doping agents.

A doping violation involving specific substances listed in Table 7.4 may result in
reduced sanctions if it is established that there was no intention to enhance sport
performance when the substance was used.

SAMPLING PROCEDURES

It is the duty of the team physician or his/her delegate to attend the doping test
of his/her athletes and to assist in the collection of their samples. For this reason,
it is important to know the main phases of the process very well.

Selection of athletes

During Olympic and regional games, the representative of the international sports
federation in question selects the athletes. They may be medalists or athletes
selected at random. The team physician, in the case of a written notification from
doping control, should always be advised and should also go with the athlete to
the doping station. Please note that the athlete will be required to provide a piece
of photographic identification — perhaps the accreditation of the championship,
if it bears a photo, or the athlete’s passport.
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Sometimes, athletes are tested on an out-of-competition basis. This means that
an athlete may be asked to provide a urine sample anywhere, anytime, and without
any advance notice. It's important to know that an accredited doping control officer
(DCO) must identify him/herself to collect a urine sample, as well as show a letter
of authorization of the respective international sport federation.

Sample-taking procedures

As soon as the athlete is notified of selection for doping control, the team physician
should permit the athlete to drink only from sealed-closed bottles or cans. It is
important to let the athlete select his/her own drink and also the kit for the
collection of the sample. The team physician should always carefully verify that
the collection vessel and the doping kit chosen are perfectly closed and clean
before the athlete is allowed to use it.

The athlete has the right to handle his own sample or may ask the team physician
to do it for him. The DCO, if allowed, may also handle the samples. The team
physician should help the athlete inform the proper authorities concerning
medication used in the preceding days. Experienced athletes have a list of
medications ready in case of a control. It is also proper to ask to which accredited
laboratory the sample will be sent, and what is the chain of custody of the sample
before it reaches the laboratory. The athlete should receive a copy of the
notification and the doping control form at the end of the procedure.

It is important to know that, if the athlete is a minor, the team physician should
have the right to observe the doping officer during the passing of the urine.

\WADA-accredited laboratories

In accordance with the World Anti-Doping Code, only WADA-accredited labora-
tories may carry out doping analysis for the Olympic Movement and the public
authorities. The analysis will be performed in accordance with the routines defined
by WADA, and the result of the “A” sample will be sent to the sports federation
and to the medical authority concerned. In case of an adverse analytical result
(AAR) or atypical (AT) result during Olympic or regional games, the Chief-of-Mission
will be informed, and the athlete will be called for a hearing. The athlete has the
right to be accompanied by three people. It is a task of the team physician to
perform the preliminary analysis of the case and to assist the athlete in this
eventuality.

Appeals

In the case of an AAR that is considered a violation of the anti-doping rule (VADR),
there are always at least two opportunities for appeal. The first is to the sports
federation concerned, which may discuss the case again in a doping panel. The
second is the Court of Arbitration in Sport (CAS), which is headquartered in
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Table 7.5 Prohibited substances identified in doping controls in 2010, according to
WADA laboratory statistics

Substance group Number Adverse
analytical
findings
(%)

S1.  Anabolic agents 3,374 60.8

S6.  Stimulants 574 10.3

S8.  Cannabinoids 533 9.6

S5.  Diuretics and other masking agents 396 7.1

S9.  Clucocorticosteroids 234 4.2

S3.  Beta,-agonists 209 3.8

§2.  Hormones and related substances 86 1.6

S4.  Hormone antagonists and modulators 75 1.4

P2.  Beta-blockers 30 0.5

S7. Narcotics 20 0.4

P1.  Alcohol 9 0.2

M2.  Chemical and physical manipulation 6 0.1

M1. Enhancement of oxygen transfer — 0.00

Total 5,546

Lausanne, Switzerland. The CAS has the final word in any legal dispute involving
athletes, including problems related to doping.

EPIDEMIOLOGY OF DOPING

The accredited laboratories are obliged to report every AAR or AT result case, not
only to the international sports federations concerned, but also to WADA.
Periodically, this information is released as statistics for the laboratory on the WADA
website (www.wada-ama.org). This makes it possible to see the number of doping
controls performed in all sports, as well as the substances detected and the
incidence of VADRs (Table 7.5).

Incidence of adverse analytical results in Olympic and
non-Olympic sports

Table 7.6 shows the total number of controls done in 2010 and the incidence of
positive cases in Olympic and non-Olympic sports. Although the majority of the

controls are done in the Olympic arena, the percentage of AARs is very similar
among these different areas of sport.

Some experts believe that in-competition doping control is illogical, as the athlete
can anticipate testing, but reality shows otherwise, probably because it is more
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Table 7.6 Doping control results in 2010, according to WADA laboratory statistics

Sport Samples Adverse %
analytical
findings
Olympic sports 180,584 1,624 0.90
Non-Olympic sports 77,683 1,666 1.50
Total 258,267 2,790 1.08

universalized. It seems that out-of-competition doping control always reaches the
same athletes, located in the main cities of the world, and fails to test athletes who
are in isolated areas.

Breakdown of the AARs by prohibited substances

The analysis of the positive cases presented in Table 7.5, expressed by the pro-
hibited classes of substances and masking agents, shows a clear predominance of
anabolic agents, particularly anabolic steroids. The use of stimulants, cannabis, and
diuretics is very similar, but the percentage is much lower compared with anabolic
steroids.

The participation of the team physician in the athlete’s educational process may
help to reduce the risk of self-medication and the use of recreational drugs.
Periodic, unannounced doping control tests may also help to reduce the number
of AARs and AT results in these areas.

MEDICAL ASPECTS OF THE USE OF PROHIBITED
SUBSTANCES

Although the most important reason sports physicians should not prescribe doping
agents is because they are immoral or unethical, it is also important to stress the
medical risks associated with the use of doping agents. Athletes have the right to
know all the risks related to wrong choices, and addressing these topics with them
is also an important responsibility of the team physician.

Anabolic steroids

The main effect of anabolic steroids, and the reason athletes sometimes use them,
is their enhancement of protein synthesis and consequent increase of muscle mass
and force. This effect is more evident in boys and women of any age than in
sexually mature men. The increased aggressiveness caused by anabolic steroids is
also considered advantageous in some sports. The main clinical indication for
androgenic therapy in males is primary hypogonadism, where the correction of
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testosterone serum levels reproduces all testicular functions except that of
spermatogenesis. Considering the risk—-benefit ratio, other situations where
prescription of androgens is medically justified are rare. These include certain forms
of refractory anemia and angioneurotic hereditary edema. Recently, analogs of
testosterone have been tested in patients with severe muscle wasting, of the type
seen in acquired immunodeficiency syndrome (AIDS), and in autoimmune-related
rheumatologic diseases. However, there is no condition where androgens should
be prescribed in healthy subjects.

The use of androgens can provoke a feminization effect in men, particularly
gynecomastia. This effect is caused by the conversion (aromatization) of some forms
of androgens to estradiol, an estrogen hormone, by extra-glandular tissues, through
a natural metabolism route of the androgen hormones. Other adverse effects of
these hormones used in men are inhibition of hypothalamus/hypophysis gonado-
trophin secretion, with resulting lack of spermatogenesis stimulation, and testicular
trophism. Consequently, testicular atrophy, azoospermia, and infertility can occur,
remaining present for some months after cessation of use, or even becoming
permanent.

With regards to toxicity, the regular use of testosterone analogs can cause, among
other conditions, water and salt retention, with edema and sometimes hyper-
tension; increase of low-density lipoprotein (LDL)-cholesterol and reduction of
serum high-density lipoprotein (HDL)-cholesterol; thyroid dysfunction; mood and
sleeping alterations; and psychiatric disease in susceptible people. Alterations of
hepatic function, with jaundice and sometimes hepatic adenocarcinoma, can occur
after prolonged use of testosterone analogous with alteration of the 17-alpha
position. This molecular chemical modification diminishes the drug’s breakdown
by the liver and allows its oral administration, but it can result in liver hepatotoxicity
with prolonged use.

Adverse effects take three main forms: virilization (in women and boys),
feminization (in men and boys), and toxic effects (in all users). All androgynous
hormones cause virilization when used by women, with acne, facial hirsutism,
menstrual irregularity, and deepening of the voice. Generally, almost all symptoms
disappear if use is discontinued. On the other hand, continuous and extended
use can cause additional effects, such as male-pattern baldness and growth of the
clitoris, besides leading to the non-reversibility of effects such as voice changes.
Serious growth defects and bone development beyond deep virilization occurs
when androgen hormones are administered to children.

It is important to remember that intermittent use of anabolic androgen, known as
“cycling,” can diminish or delay the appearance of certain adverse effects,
especially those that depend on a continuous and prolonged use. On the
other hand, this system of administration still involves, not only the enhancement
of muscle mass, but also the toxic effects noted above. Thus, the use of these
hormones in healthy individuals cannot be justified, whatever the mode or
sequence of administration.
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Peptide hormones, growth factors, and related substances

The most used substances of this group are no doubt growth hormone and
EPO. The former is used to increase power, and the latter to increase aerobic
capacity.

The use of growth hormone in sport is considered unethical and dangerous, owing
to adverse effects including allergic reactions, diabetogenic effect, and acromegaly
or gigantism. In addition, the use of this hormone may lead to heart disease,
problems in the ligaments and joints, increase of fat tissue, and muscle weakness.

EPO is used to treat anemia, mainly in patients with chronic kidney diseases,
because they lose the capability to produce this hormone. The synthetic EPO that
is used by athletes can only be injected. It will elevate arterial blood pressure and
is also a potential cause of thrombosis. Pain and discomfort in the site of the
injections are not uncommon, and using needles and syringes that are not sterile
may lead to infections, including AIDS.

Impairing the ability of the blood to circulate may decrease the delivery of oxygen
to the muscles, which may decrease performance, and also may cause hypertensive
encephalopathy. Other side effects of EPO may be heart palpitations, skin rash,
myalgias, nausea, and iron deficiency.

Beta,-agonists

Beta,-agonists are prescribed medically to treat asthma symptoms. The most
potent beta,-agonist is clembuterol, which is included in the prohibited list as an
anabolic agent. Like salbutamol, it is most often used to produce larger muscular
mass and reduce fat. The reported toxicity of these substances is associated with
anxiety, tremor, nervousness, headaches, increase in blood pressure, and
arrhythmias. In the prohibited list of 2012, salbutamol, salmeterol, and formoterol
are permitted without TUEs, as the anti-doping laboratories are now able to detect,
based on the urinary concentrations of the substances, if the use was just
therapeutic by aerosol, or if it was used by an oral, intramuscular, or intravenous
route, aimed at an increase in performance.

Diuretics

Diuretics are prohibited substances for two main reasons. First, they increase the
urinary stream and the free water fraction in urine, which serves as a masking agent
because it diminishes the concentration of other substances besides accelerating
elimination. Diuretics may also promote fast weight loss, which is desired in sports
that have weight classes (such as wrestling and martial arts).

Beyond the unethical aspects of urine or rule manipulation (in the case of artifi-
cial weight reduction), there is the concern to protect athletes from problems
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such as induced dehydration and serious electrolyte disorders such as loss of
potassium, which may cause muscle cramps and decrease the work capacity
of the muscle.

Stimulants

The effect of stimulants on the central nervous system is responsible for improved
performance and causes an increase in aggressiveness and strength. On the other
hand, the increased adrenergic activity produced by these agents can increase
arterial blood pressure and cardiac irritability, which may result in cardiac arrhyth-
mias, coronary spasm, and myocardial ischemia in susceptible individuals.

Use of stimulants may also cause agitation, tremors, loss of coordination, and
sleeplessness. Particularly in hot and humid weather, there is always a risk of a
death caused by cardiac failure. One should also consider the possibility of
addiction and drug dependence resulting from the use of stimulants.

Narcotic analgesics

The main effect of these components is central analgesia. Their medical indications
are precise and limited to treating postoperative pain, the terminal stages of
carcinoma, or severe pain associated with trauma. The reason they are prohibited
is to prevent the harmful inhibition of pain in injured athletes; inhibiting pain can
seriously aggravate an injury and affect an athlete’s long-term health. In addition,
the potential for dependence makes this substance class particularly dangerous
when used without correct medical indications. Another possible effect of the use
of narcotics is physical dependence, which may begin after a short period of use.
After that, the main problems are withdrawal symptoms, including restlessness,
aching joints, sweating, nausea, and pain.

Cannabinoids

Cannabis may evoke a subjective feeling of relaxation, altering visual images
and impairing psychological and physical performance, which can be demon-
strated by objective tests. The ability to learn tasks declines, as well as memory.
Decreased levels of testosterone and lowered heart rates are encountered with
prolonged use.

Beta-blockers

Athletes use these substances to reduce anxiety and tremor, as well as to produce
reduction of the heart rate and of arterial blood tension, which may improve
performance in certain sports. Beta-blockers are particularly popular among
shooters, because a slower heartbeat gives the shooter more time to aim between
heartbeats.
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Blood transfusion

Blood transfusions to increase athletic performance are also unethical and may
carry risk of allergic reaction, acute hemolytic reaction, homodynamic overload,
metabolic unbalance, and the transmission of infectious diseases (viral hepatitis
and AIDS).

CONCLUSION

The new millennium has been witness to profound modifications in the legislation,
the coordination, and the technology of the fight against doping in Olympic and
non-Olympic sports, as well as in all levels of national and local sports activities.

Effective since 2003, the World Anti-doping Code replaced the Anti-doping
Code of the Olympic Movement, which up until that time had been the document
that defined the list of forbidden substances and methods. It also describes
the procedures for collection of samples (International Standard for Testing (IST))
and systemizes the sanctions for the positive cases, as well as the procedure for
appeals in case of sanctions.

The new code will govern out-of-competition tests and competitions organized
by the participants in the Olympic Movement: international sports federations and
national Olympic committees, represented by entities including the Association
of the Summer Olympic International Federations (ASOIF), the Association of
International Olympic Winter Sports Federations (AIOWF), and the Association of
National Olympic Committees (ANOC).

WADA was established on November 10, 1999, and had its first meeting on
January 13, 2000. WADA is now responsible for the elaboration of the List of
Prohibited Substances and Methods, for the accreditation and technical control
of the laboratories, and for financing and managing research in this field. Because
WADA is composed equally of representatives of the Olympic Movement and
public authorities, the decisions made should be more effectively enforced, thus
complementing the international campaign against doping in sport.

This is undoubtedly the most important development in doping control since the
beginning of this process in 1967. The active participation of public authorities,
made possible through the International Convention against Doping in Sport,
should greatly help to reduce the use of drugs in sport. This UNESCO Convention
was created in the 33th General Assembly in October 2005, and 158 of the 193
member countries adopted this convention.

To conclude, it is important to understand that doping control and doping
problems are highly dynamic subjects, and it is the responsibility of the team
physician always to be very well informed and up to date, and also to supervise
and educate the multidisciplinary team that assists athletes in their preparation for
competition.
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CHAPTER 8

MEDICAL AND OTHER CONDITIONS
AFFECTING SPORTS PARTICIPATION

Martin P. Schwellnus and Wayne Derman

A team physician is frequently faced with the problem of the diagnosis and man-
agement of medical conditions that may affect the health and exercise performance
of an athlete. A team physician may encounter the interaction between illness in
almost every system in the human body and exercise. The purpose of this chapter
is to discuss some of the more common illnesses affecting different organ systems,
and their interaction with exercise.

One of the principal roles of the team physician is to accompany athletes who
travel long distances to compete in a tournament. Therefore, “jet lag” has also
become one of the common issues the team physician has to deal with. The team
physician is also often obliged to address issues outside the realm of “common
medical conditions.” The team physician may sometimes need to step in and
address lifestyle habits of the athlete that might impact performance. These may
include athletes’ sexual activity and use of “social drugs.” These issues will also be
discussed briefly in this chapter.

EPIDEMIOLOGY OF MEDICAL CONDITIONS IN ATHLETES

In recent years, there has been an increasing focus on protection of the health
of the athlete. Early data reported from one team at two Summer Olympic
Games show that medical conditions in athletes are more common than injuries.
This finding has, in part, stimulated more research to determine the incidence
and nature of the medical conditions that a team physician is likely to encounter
during a tournament. Collectively, data from these studies consistently show that
illness accounts for at least 30-50% of all the medical encounters during a variety
of international tournaments. Furthermore, these data show that respiratory illness,
gastrointestinal (GIT) illness, and dermatological conditions are very common in
athletes. Finally, these data show that infections account for the majority of these
illnesses. Therefore, in this chapter, illness in these systems will be discussed in

some detail.
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EXERCISE AND INFECTIOUS DISEASES

Athletes are not immune to developing infections. In fact, during intensive train-
ing and competition and international travel, athletes appear to be more prone
to developing infections. The relationship between exercise and changes in the
immune system has recently been reviewed. Furthermore, depending on the
nature of the sports in which athletes participate, they may be exposed to infec-
tions transmitted through direct skin contact, contaminated water, blood, or tissue
products via respiratory droplets.

The more common infections in athletes that will be discussed briefly in this chapter
include:

respiratory tract infections (upper and lower respiratory tract);

skin infections (contact sports);

GIT infections (traveling and contact sports);

waterborne infections (water sports);

other infections related to international travel (SARS, bird flu, and HIV).

PRACTICAL CLINICAL POINT 1

Common infections in athletes

Upper and lower respiratory tract infections (endurance athletes).
Skin infections (contact sports).

GIT infections (traveling and contact sports).

Waterborne infections (water sports).

Genitourinary infections.

Blood-borne infections.

Practical guidelines for the administering of vaccinations in athletes will also be
discussed briefly.

Respiratory tract infections

Respiratory tract infections (RTls) can be divided into infections of the upper and
lower respiratory tracts. Data clearly show that symptoms of upper respiratory tract
infections (URTIs) are more common. Therefore, the majority of this section will
focus on infections of the upper respiratory tract (URT). A URTI can be defined
as an acute illness affecting the nasopharynx that results in localized and sometimes
systemic symptoms, usually caused by a number of different viruses or bacteria.
URTIs are the commonest infections that affect the adult population, including
athletes. An average adult contracts between two and five URTlIs per year.
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There is some scientific evidence to support the hypothesis that high-intensity
(> 80% of maximum ability) and prolonged exercise (> 60 minutes) is associated
with a depressed immunity, which lasts for up to 24 hours after exercise. During
this period, there appears to be an increased risk of developing a URTI. Athletes
engaged in regular, intense, prolonged training may therefore be at a higher risk
of developing symptoms of URTlIs.

Conversely, exercising at a lower intensity (< 70% of maximum ability) appears
to protect the body against URTIs. Although there is some evidence to suggest
that vitamin C, 500 mg/d, also protects against URTIs during sport, recent data
show that vitamin C can reduce the duration of the URTI. However, it is important
to note that, in recent years, evidence has accumulated to show that not all
symptoms of URTlIs in athletes (during training or after sports events) are infective
in nature. In particular, it has been documented that allergies affecting the URT
are very common in athletes. Therefore, the team physician must also consider
non-infective causes of URT symptoms in athletes.

PRACTICAL CLINICAL POINT 2

Precautions for athletes to decrease the risk of developing
URTIs

Space high-intensity and prolonged exercise sessions and race events as
far apart as possible.

Avoid overtraining and chronic fatigue.

Maintain a well-balanced diet and consider nutritional supplements if
indicated.

Get adequate sleep.

Take vitamin C during periods of infection to reduce the duration of the
infection.

Ensure adequate carbohydrate intake during intense, prolonged exercise.

Return-to-play guidelines following a URTI

In general, if the URTI is associated with systemic symptoms, sports participation
must be avoided until the symptoms have disappeared. Systemic symptoms
include fever, myalgia, resting tachycardia, malaise (excessive fatigue), chest pain,
cough, and lymphadenopathy.

If the URTI is not associated with any of the above symptoms, low-intensity
(< 70% maximum ability) and short-duration (< 20 minutes) exercise may be
permitted in some cases during the URTI, with the approval of the physician.
Moderate exercise may be resumed as soon as the symptoms have subsided.
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PRACTICAL CLINICAL POINT 3

Contraindications to exercise participation in athletes
with URTI

Presence of a fever.

Presence of myalgia (muscle pains).

Presence of chest pain.

Resting tachycardia (increased resting pulse rate).
Excessive shortness of breath.

Excessive fatigue.

Swollen, painful, lymphadenopathy.

Skin infections

Skin infections are common in athletes. Cutaneous infections and their importance
in sports have been reviewed. Therefore, a detailed discussion of the diagnosis
and management of each of the skin infections is beyond the scope of this
chapter. However, the team physician has to be aware of the common fungal
infections (tinea pedis, cruris, capitis, corporis), bacterial (staphylococcus aureas,
streptococcus pyogenes, pseudomonas aeruginosa, corynebacterium minutissi-
mum), viral (herpes simplex virus type 1, papilloma virus, molluscum contagiosum),
and parasitic organisms that can cause skin infections. In particular, the team
physician must be aware of infections such as herpes and staphylococcus, which,
although less common, can be transmitted in contact sports such as wrestling
and rugby.

In most cases, after diagnosis, application of a topical antimicrobial agent can treat
skin infections, and the athlete can continue full activity without a detrimental

PRACTICAL CLINICAL POINT 4

\Wounds that are at high risk for tetanus infection
(tetanus-prone wound)

Any open contaminated wound that is > 6 hours old.

Any wound with a high degree of devitalized tissue.

Any puncture-type wound.

Contact with soil or manure that is likely to harbor the tetanus organism
(sports fields).

Any clinical evidence of sepsis.
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effect on exercise performance. However, in the case of contagious skin infections,
such as herpes, contact with others needs to be restricted until the infective period
is over.

Although not specifically classified as a skin infection, tetanus has to be considered
in athletes who may sustain an open wound. Inoculation into the tissues with the
spores of the anaerobic organism clostridium tetani can result in germination of
the spores and subsequent toxin production, which interferes with the release of
inhibitory neurotransmitters.

Following an incubation period of 4-21 days, tetanus can present with trismus
(lock jaw), dysphagia, and facial spasms. Death can result from respiratory failure.
Diagnosis is by clinical criteria and demonstration of Gram-positive bacilli and/or
isolation of C. tetani from a wound. Treatment requires hospital admission and
intensive-care support. Benzodiazepines can be used to treat muscle spasm,
human tetanus immunoglobulin can neutralize the toxin, and metronidazole is
the antibiotic of choice.

\X/ater-borne infections

Bilharzia (schistosomiasis)

Schistosomiasis is a tropical infection caused by a digenetic trematode. The two
predominant species are Schistosoma mansoni and S. haematobium. Less
commonly, infection is by S. intercalatum. Human infection in athletes has been
documented principally in Africa and involves athletes who participate in water
sports where the trematode is prevalent. Human infection occurs on entry into
shallow fresh water that contains the schistosome larvae. These larvae penetrate
the skin, and the immature parasites migrate via the lungs to the portal circulation.
Here they develop into adult worms, which migrate to the veins of the intestines
(S. mansoni) or bladder (S. haematobium). After 7-12 weeks, the worms produce
eggs, which are excreted and can be observed in the feces or urine.

Table 8.1 Tetanus prophylaxis in wound management of athletes

History of tetanus Tetanus vaccine Tetanus immunoglobulin
vaccination administration administration

Not immunized or Administer full 3-dose Yes — if tetanus-prone
immunization not course wound

known with certainty

Last dose > 10 years Reinforcing dose Yes — if tetanus-prone

ago wound

Last dose < 10 years No No, unless risk of infection
ago is very high
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PRACTICAL CLINICAL POINT 5

Prevention of bilharzia in athletes

Be aware of endemic bilharzia areas.

Water sports should avoid areas of shallow or static (not flowing) water.
If water sports are conducted in fresh water in endemic areas, inquire if
molluscicide treatment of the water has been undertaken.

Athletes should perform vigorous toweling and drying or application of
alcohol immediately after water contact.

Athletes who have been exposed should be assessed clinically and tested
for the presence of bilharzia (eggs in stools or urine, serological test).

Clinical presentation of bilharzia is as a cercarial dermatitis (swimmer’s itch), acute
infection (Katayama fever), and later as chronic schistosomiasis. Laboratory diag-
nosis is by microscopy (urine or stool) or through a serological test. Once diagnosed,
treatment is by single-dose Praziquantal (40 mg/kg).

Otitis externa in swimmers (swimmer’s ear)

The term “swimmer’s ear” has been used to describe any inflammatory condi-
tion of the ear that commonly occurs in athletes participating in water sports. This
single term describes a variety of conditions that affect the external auditory canal
or the middle ear in swimmers. The commonest disease of the external auditory
canal associated with water sports is otitis externa. Other conditions include
bony exostoses of the external auditory canal and infections of the middle ear
(otitis media).

PRACTICAL CLINICAL POINT 6

Risk factors for developing otitis externa in swimmers

Spending long periods in water with the ears submerged, swimming in
unchlorinated, fresh, hot, or contaminated water.

Not removing water from the ears after swimming.

Introducing bacteria by inserting a dirty finger, contaminated swabs, or
other objects into the ear.

Contact with water containing sensitizing agents to which the athlete is
allergic, or agents that are known irritants such as chemicals.

Constant use of over-the-counter ear drops that denude the ear canal
further.
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Otitis externa is an inflammatory condition of the external auditory canal, which
can be caused by chemical irritation, allergies, or infections. Infections can be either
bacterial or fungal. The main reason for an increased risk of otitis externa in
swimmers is because water that repeatedly enters the canal washes cerumen out.
Water that remains in the canal for some time causes maceration of the skin,
leaving the damaged epithelium unprotected against invading organisms such as
bacteria and fungi.

The diagnosis of otitis externa is made clinically. The swimmer with otitis externa
will initially complain of ear fullness, ear discomfort, and hearing loss. Pain be-
comes prominent if the condition persists, and discharge from the ear may be
observed. An allergic-type otitis usually presents with severe pruritus (itch).

On examination of the ear canal, there may initially only be erythema and edema
observed. Other signs such as a discharge, absence of cerumen, a dull tympanic
membrane, and hyperkeratotic epithelium are characteristic of otitis externa at a
later and chronic stage. Cultures of otitis externa show that pseudomonas aeru-
ginosa is the commonest bacteria and aspergillus is the commonest fungus
causing the infection. Fungal infections are characterized by a fuzzy lining dotted
with black specks and a discharge with a musty odor. A qualified medical
practitioner should manage otitis externa. The first step is to clean out the canal
thoroughly by irrigation or the use of instruments (only if experienced). Topical
anti-infective agents must be used with caution. In case of bacterial infections,
drops containing neomycin or polymyxin B may be used. Acidification of the
canal will discourage bacterial growth; provided there is no perforation of
the eardrum, topical acidifiers such as 2% acetic acid may be used. Fungal
infections can be treated with a 1% tolnaftate solution. Pain and pruritus must be
relieved by analgesics and hydrocortisone, respectively. Hydrocortisone drops must
be used with care and only after the infection is controlled. The swimmer should
ideally abstain from water sports for 7-10 days. Athletes with less severe infec-
tions can return to swimming after 2-3 days, provided the necessary precautions
are taken.

PRACTICAL CLINICAL POINT 7

Preventing otitis externa in swimmers

Dry the ear after swimming by tilting the head vigorously, jumping up
and down, or drying gently with a towel.

Avoid touching or scratching the ear.

Use newer, silicone-type earplugs for protection.

Wear a hood when surfing or sail-boarding.

Put a dropper full of drying agent into the ear after each swim.
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Other water-borne infections

A number of other microbial agents may infect athletes who come into contact
with contaminated water sources. These include leptospirosis, aeromonas hydro-
philia, giardiasis, and cryptopsoridiosis.

Leptospirosis is a spirochetal infection that presents with a flu-like illness, 2-20
days following water contact. After a few days, this progresses to a syndrome
characterized by fever, aseptic meningitis, skin rash, and uveitis. Weil’s disease is
severe leptospirosis, which is characterized by progression to hepatitis, jaundice,
renal failure, and coagulopathy. Treatment is by penicillin or doxycycline.

Aeromonas hydrophilia is an infection of the soft tissue following exposure to
contaminated water (swimmers, skiers, paddlers). Giardiasis and cryptosporidiosis,
as well as other GIT infections, may be acquired through water exposure during
swimming and paddling in contaminated water. A wide range of GIT symptoms
can occur, which require specific diagnosis and treatment. Giardiasis requires
antibiotic treatment, typically oral metronidazole.

Genitourinary infections

A detailed discussion of sexually transmitted infections is beyond the scope of this
chapter. However, team physicians need to be aware that localized infections of
the genitourinary tract can occur in athletes, in particular female athletes. The
correct choice of underwear is important to prevent infections such as vaginitis or
urethritis. Localized vaginitis, without signs of pelvic inflammatory disease, can be
treated by local or topical application of antimicrobial agents. Full athletic activity
can be continued throughout the treatment period. In the case of more regional
infections, such as cystitis or pelvic inflammatory disease, systemic, antimicrobial
agents are indicated, and athletic activity should be restricted until full resolution
of symptoms.

Blood-borne infections

There are a number of important blood-borne infections of which team physicians
must be aware. These are hepatitis (B, C, and D) and the human immunodeficiency
virus (HIV).

Viral hepatitis infection

Viruses causing hepatitis include hepatitis A (spread by fecal-oral route), hepatitis
B, C, and D (spread by blood, perinatal transmission, and through sexual contact),
and hepatitis E (fecal-oral transmission). Infections by hepatitis B, C, and D are
associated with a high risk of chronicity (15-80%) and a higher risk of mortality
(1-2%) once infected. Athletes participating in contact sports may be exposed
to blood and blood-borne products and, therefore, may be at risk for acquiring
hepatitis infections. Although the risk of transmission of hepatitis through contact
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PRACTICAL CLINICAL POINT 8

Guidelines for athletes for return to play following viral
hepatitis

Following acute viral hepatitis, mild-to-moderate-intensity exercise is
permitted, once the clinical condition has normalized.

Following acute viral hepatitis, high-intensity exercise is permitted, once
the clinical condition has normalized, and liver function tests have
returned to normal.

Athletes with chronic persistent hepatitis should only be allowed to
participate in moderate-intensity exercise, and regular medical follow-
up is advised.

Athletes with chronic active hepatitis and cirrhosis should not participate
in high-intensity exercise, but low-intensity, supervised exercise is
permitted.

sport is very low, athletes traveling to, or living in, areas where hepatitis (in
particular hepatitis B) is endemic should be vaccinated. Furthermore, the general
guidelines for decreasing the risk of blood-borne infections in contact sports should
be followed.

HIV infection

The most important consideration regarding HIV infection and sports is whether
there is a risk of HIV transmission during sports participation. HIV is transmitted
through sexual intercourse, blood or blood products, and from mother to fetus.

Athletes are at risk of contracting HIV if they engage in high-risk sexual behaviors
or use drugs intravenously. However, there is also a small but real risk of HIV
transmission in contact sports. Transmission may occur if blood from an infected
player contaminates an open, bleeding wound of a non-infected player. In sports
such as rugby, soccer, boxing, wrestling, and synchronized skating, where the
transmission of HIV is possible, players, coaches, and administrators need to ensure
that open, bleeding wounds are treated before participants return to the sports
field. Surfaces such as wrestling mats that are potentially contaminated by blood
or tissue should be appropriately cleaned before the contest resumes. In some
sports, such as boxing, compulsory testing of competitors has been instituted.

Malaria

Although not strictly speaking a blood-borne infection, malaria is a tropical
protozoal vector-borne infection. The female Anopheles mosquito, which is a
voracious nocturnal blood feeder, transmits malaria. It is the most prevalent
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PRACTICAL CLINICAL POINT 9

Preventing HIV transmission during sports

General guidelines

In general, the risk of HIV transmission during sports is higher in contact
sports, where there is a risk of transmission through contamination of
open lesions, wounds, or mucous membranes of a non-infected
individual with infected blood or blood products.

Specific guidelines for sportspeople
An athlete who engages in high-risk behavior is advised to seek medical
attention regarding possible HIV infection.

Athletes with known HIV infection should seek medical and legal
counseling before considering further participation in sport.
Athletes with known HIV infection should inform medical personnel of
their condition if they sustain an open wound or skin lesions during sports
participation, so that these can be managed appropriately.

Specific guidelines for sports administrators

Sports administrators, including coaches and managers, have special
opportunities for meaningful education of athletes with respect to HIV
disease and should encourage athletes to seek counseling.

Specific guidelines for medical personnel attending to athletes

Treat all open skin lesions sustained during sports participation appro-
priately before allowing the athlete to return to the playing field.

The following treatment of open skin lesions is recommended:

Immediately clean the wound with a suitable antiseptic such as hypo-
chloride (bleach, Milton), 2% gluteraldehyde (Cidex), organic iodines, or
70% alcohol (ethyl alcohol, isopropyl alcohol).

The open wound should be covered securely so that there is no risk of
exposure to blood or blood products prior to return to the playing field.
All first aid and medical personnel attending to athletes with open
wound lesions should wear protective gloves to decrease the risk of HIV
transmission.
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vector-borne disease and is endemic in 92 countries. In Sub-Saharan Africa, 95%
of malaria is caused by Plasmodium falciparum, the remainder mainly by P. vivax.

Malaria is a disease associated with a considerable morbidity and mortality. Athletes
may have to travel frequently to attend events held in areas where malaria is
endemic, and this means that malarial prophylaxis must be taken. A number of
specific guidelines for preventing malaria in traveling athletes have been issued.

PRACTICAL CLINICAL POINT 10

Prevention of malaria in traveling athletes

Be aware of endemic malarial areas.

Chemoprophylaxis is recommended (inquire at WHO website or local
travel clinic).

Wear clothing with long sleeves and long trousers at dusk and dawn.
Use mosquito repellents containing 15-30% diethylmetatoluamide
(DEET) on exposed skin and clothing.

Use sleeping nets that are treated with insecticide.

Spray rooms with insecticide aerosol/surface spray.

Use mosquito vapor mats/burning coils at night.

It is recommended that athletes who travel to areas where malaria is endemic take
malarial chemoprophylaxis. The effects of common malarial prophylactic agents
on exercise performance have not been evaluated in scientific studies, but
anecdotal reports indicate that these agents can have negative effects on exercise
performance. Current advice to athletes should thus be to: (1) use the common
agents beforehand when in training, to establish whether the agents are tolerated;
(2) use agents that are prescribed only once a week if possible; and (3) schedule
the first dose in such a way that the competition date is on day 6 after admin-
istration, rather than on the first or second day.

Vaccination of athletes

There are a number of important considerations with respect to vaccinations in
athletes. First, it is important that all athletes are properly vaccinated when travel-
ing to countries for competition; vaccination against cholera and yellow fever is
particularly important. Second, all athletes, in particular those participating in
contact sports, must be vaccinated against tetanus and hepatitis A and B. Athletes
should also be well educated about HIV transmission. Finally, athletes must be
aware that it is advisable to restrict athletic activity for 2-3 days after vaccination
because of minor systemic inflammation.
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EXERCISE AND ASTHMA, INCLUDING EXERCISE-INDUCED
BRONCHOSPASM (EIB)

The relationship between asthma and exercise has recently been reviewed, and,
therefore, the purpose of this chapter is not to review exercise and asthma in detail.
However, in the context of medical conditions in athletes, this area will be briefly
discussed.

Pathophysiology of EIB

The pathogenesis of EIB has been reviewed. Currently, the view is that the
pathogenesis of EIB is multifactorial and is not completely understood. It is
generally believed that EIB results from breathing relatively dry air in large volumes,
which causes the airways to narrow by osmotic and thermal consequences of
evaporative water loss from the airway surface. The hyperosmolar environment,
which is created by evaporative water loss, may result in the release of mediators
such as histamine. Histamine is a potent bronchoconstrictor, from mast cell
degranulation. Inflammation is a characteristic of asthma, and, hence, the
inflammatory process plays a role in the development of EIB in asthmatic patients.
However, the role of inflammation in the pathogenesis of EIB in subject with no
asthma is not clear.

Sports associated with EIB

Athletes participating in sports associated with high ventilation, particularly of cold
and dry air (winter), are at higher risk of developing EIB.

Environmental pollutants may also increase the risk of developing EIB. These
include chlorine in pools, chemicals related to ice-resurfacing machines, carbon
monoxide, and nitrogen dioxide.

Diagnosis of EIB

The approach to the diagnosis of EIB involves a detailed medical history, a com-
prehensive clinical examination, and the use of special investigations, and a
number of diagnostic algorithms have been suggested. Clinically, EIB may present
with mild impairment of performance, or symptoms and signs of severe broncho-
spasm and respiratory failure. The commonest symptoms of EIB are cough, chest
tightness, breathlessness, and wheezing. These symptoms normally develop 5-15
minutes after exercise and last for 20-60 minutes. In some patients, a delayed
reaction resulting in airway obstruction of 4-10 hours after exercise can occur,
which is the so-called “late-phase” EIB. It is important to inquire whether these
symptoms also occur on exposure to cold air or in the presence of airborne irritants.
Athletes with EIB may also experience hay fever, sinusitis, postnasal drip, drug
allergies, or urticaria.
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PRACTICAL CLINICAL POINT 11

Sports associated with higher risk of EIB (high-ventilation
sports)

m Cross-country skiing.
m Ice hockey.

m Track athletics.

m Cross-country running.
m Field hockey.

| Soccer.

B Swimming.

PRACTICAL CLINICAL POINT 12
Bronchoprovocation tests for EIB

Exercise challenge test

m Type of exercise (treadmill running).

m Intensity > 80% maximum heart rate.

m Duration > 7 minutes.

m Spirometry before, immediately after, and for up to 30 minutes after.

Eucapnic voluntary hyperventilation test

m Gas mixture of 5% CO,, 21% O,.

M 85% of maximum voluntary hyperventilation for 6 minutes.

m FEV1 before (3 times) and after test (immediately, 5, 10, 15, and 20
minutes after).

m High specificity for EIB.

Metacholine challenge test

m Not recommended first line test.
W Low sensitivity.

Histamine challenge test

m Not recommended first line test.
B Low sensitivity.

Mannitol inhalation test
m High sensitivity and specificity for EIB.
m Test does not simulate exercise.

I 56

martin p. schwellnus and wayne derman
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Athlete presenting with
symptoms suggestive of EIB

Perform a history, clinical
examination
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Figure 8.1 Evaluation of athletes presenting with symptoms of EIB
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The diagnosis of EIB is confirmed when there is a > 10% decrease in the maximal
amount of air a person can forcefully exhale in 1 second, FEV1, following a
bronchoprovocation test.

Management of EIB

The aim of treatment is to prevent or reduce the severity of EIB so that the athlete
can participate normally in exercise. It is important to give the athlete practical
advice on the non-pharmacological treatment of EIB. The team physician can take
a major role in this area.

PRACTICAL CLINICAL POINT 13

Non-pharmacological management of EIB in athletes

Perform a warm-up (15 minutes light intensity, followed by 15 minutes
moderate to high intensity) before trainings or competitions.

Be well trained for the sport.

Avoid training in cool or dry weather conditions.

Avoid training in areas such as forests or grass fields where there may be
pollen that precipitates bronchospasm.

Avoid training in polluted air.

Wear a facemask to warm and humidify air when training in dry cold
weather.

Nutritional measures (low dietary salt intake, fish oil (Omega-3 poly-
unsaturated fatty acids) supplementation).

The first line of pharmacological treatment is the use of inhaled corticosteroids
and B,-adrenergic agonists. The athlete can also be instructed to use two puffs of
the inhaled B,-adrenergic agonist 15-30 minutes before exercise (i.e., at the start
of the warm-up). Cromolyn sodium is another drug that can be combined with a
B,-agonist, and is particularly effective in preventing late-phase EIB. Other medica-
tions that can be considered by the prescribing doctor include the following:
inhaled anticholinergic medication, oral theophylline, leukotriene modifiers, and,
in some cases, antihistamine medication.

It is important for the team physician to remember that medications for controlling
EIB require notification, and the team physician must be aware of the requirements
of WADA and the sports federations. In some cases, the rules may differ between
the federation and WADA.

FiM3
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RESPIRATORY ALLERGIES IN ATHLETES

In recent years, there has been an increased recognition that many upper and
lower respiratory tract symptoms in athletes can be attributed to allergies rather
than infections. The current hypotheses on the etiology of respiratory tract
symptoms in athletes have recently been reviewed. In this review, the allergic
hypothesis for the etiology was reviewed. There is increasing evidence that allergies
are very common in athletes and, in some instances, more common that in the
general population. It has also been documented that allergies can lead to a
decrease in exercise performance. The sports physician therefore needs to consider
allergies as part of the screening of athletes and to consider allergies as a possible
cause of respiratory tract symptoms. A questionnaire has recently been developed
to assist the team physician in the screening of athletes for allergies.

GASTROINTESTINAL SYMPTOMS IN ATHLETES

Many athletes have experienced the extreme frustration of a poor performance
in an important sports event caused by GIT symptoms. Others have experienced
the inability to train optimally because of a chronic, nagging GIT problem. The
team physician is often the person that a frustrated athlete consults to alleviate
such a “trivial” problem.

PRACTICAL CLINICAL POINT 14

Gastrointestinal symptoms during exercise

GIT symptoms may interfere with training or competition.

They usually originate in the lower GIT tract.

Causes can be unrelated to exercise, such as infection, cancer, gastric or
duodenal ulcer.

Possible etiologies are relative ischemia of mucosal lining, mechanical
“bouncing” of intestines, and release of hormones.

Medication may be considered — be certain it is not on the banned list.
Once symptoms are attributed only to exercise and not to any organic
disease, provide practical advice to athletes.

Causes of GIT symptoms in athletes

It is unlikely that there is one single cause for all GIT symptoms during exercise.
The risk factors for GIT symptoms in athletes have been reviewed. First, it must
first be emphasized that GIT symptoms during exercise can result from causes
unrelated to exercise. These causes would include infections, cancers, gastric or
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Table 8.2 The frequency of GIT symptoms
associated with exercise

Symptom Frequency
(%)

Upper GIT tract:

Loss of appetite 12-50
Heartburn 8-11
Belching 12-36
Nausea 4-21
Vomiting 4-31
Lower GIT tract:

Abdominal pain 25-67
Urge to defecate 30-63
Bowel movement 13-51
Diarrhea 10-30
Rectal bleeding 2-12

duodenal ulcers, and a variety of other well-documented GIT tract diseases.
Therefore, the team physician must advise the patient, particularly the older patient
or the patient with chronic symptoms, to seek medical help in establishing a correct
diagnosis.

For symptoms that are related only to exercise and not to organic disease, three
main etiological mechanisms have been proposed. First, blood diverted away from
the GIT tract to the contracting muscle during high-intensity or prolonged exercise
may result in a relative ischemia of the mucosal lining of the GIT tract, which may
cause rectal bleeding in some athletes. This hypothesis has recently been tested
for the first time in a prospective cohort study in Ironman triathletes. The results

PRACTICAL CLINICAL POINT 15

Risk factors for GIT symptoms during exercise

Female gender. High-intensity exercise.
Younger age. Dietary factors.

Poorly conditioned. Dehydration.

Running, jJumping sports. Lactose intolerance.

Motion sickness. Previous abdominal surgery.
Downbhill running. Medication.

FiM3

WwWW.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

of this study do not support the reduced blood flow hypothesis. Further research
to test this hypothesis is therefore required. Second, mechanical movement or
“bouncing” of the small and large intestines, particularly during running or jumping,
may cause lower GIT tract symptoms. Finally, high-intensity or prolonged exercise
is associated with the release of a number of specific GIT hormones, which may
have a role in the development of symptoms.

In studies conducted in groups of athletes, a number of possible risk factors for
developing GIT symptoms have been identified, which are listed in Practical clinical
point 15. Athletes are advised to consult this list and identify those factors that
can be changed. The team physician can be of help by discussing these factors
with the athlete.

Management of GIT symptoms in athletes

In the first instance, management should depend on establishing a correct diag-
nosis. It is important to consult a gastroenterologist or a sports physician to
establish the cause of the problem. If the symptom is attributed only to exercise
and not to any organic disease, specific advice should be given to the athlete.
There is some practical advice that the team physician can give to athletes with
GIT symptoms (see Practical clinical point 16).

There are three important considerations when prescribing medication for an
athlete who presents with GIT symptoms during exercise. First, a clear diagnosis
of the condition must be established, so that an underlying pathology, such as
cancer, is not missed. A correct diagnosis is most important, particularly in the
older athlete, and will determine what medication could be prescribed.

Second, any medication that is prescribed to an elite athlete must not contain
substances in the banned list of drugs. In most cases, medications for GIT symptoms
are not on the banned list and can thus be prescribed safely. The exceptions are
appetite suppressants, which contain stimulants.

Third, medication should not interfere with the athlete’s ability to perform
optimally. Few studies have examined the relationship between GIT medication
and exercise performance. In a study, loperamide HC| was shown not to affect
exercise performance (endurance performance and isokinetic muscle strength).
Anecdotal evidence suggests that topical antacids, H,-antagonists, and proton
pump inhibitors, which are all used to control heartburn, do not affect exercise
performance. However, medications for controlling nausea, such as prochlor-
perazine, cyclizine HCI, and metoclopramide, have the side effect of causing
drowsiness and thus may impair sports performance, although these are not results
from scientific studies.
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PRACTICAL CLINICAL POINT 16

Practical advice the team physician can give an athlete with
GIT symptoms

Heartburn

Avoid large meals 2-3 hours before training/racing.
Use a topical antacid if necessary.

Nausea/vomiting

Avoid large meals 2-3 hours before training/racing.

Avoid high-intensity or prolonged exercise, particularly if you are not well
trained.

The use of an anti-emetic 1-2 hours before training or racing is not
encouraged, because the effects of anti-emetics on performance, as well
as their safety during exercise, have not been well established.

Abdominal cramps

Be well trained for races.

Avoid training at too high intensities if you are not accustomed to it.
Avoid a very high dietary fiber intake in the 24 hours before a race.
Avoid dehydration during training/racing.

The use of an anti-spasmodic 1-2 hours before training or racing is not
encouraged, because the effects of anti-spasmodics on performance, as
well as their safety during exercise, have not been well established.

Urge to defecate/diarrhea

Avoid a very high dietary fiber intake in the 24 hours before a race.
Avoid dehydration during training/racing.

Attempt to stimulate a bowel movement before training/racing (caffeine
can be used, e.g., a cup of tea or coffee).

Avoid hill running or running at high intensities.

If severe and persistent, think about switching to gliding sports (cycling,
swimming).

The use of an anti-diarrheal medication 1-2 hours before training or
racing is not encouraged, because the effects of anti-diarrheals on
performance, as well as their safety during exercise, have not been well
established.

Probiotics have recently been used in the management of lower GIT
symptoms in athletes.

FiM3

WwWW.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

NEUROLOGICAL CONDITIONS IN ATHLETES

Exercise and epilepsy

Epilepsy can be defined as a convulsive disorder characterized by sudden, brief,
repetitive, and stereotyped alterations in behavior, which are presumed to be due
to paroxysmal discharge of cortical and subcortical neurons. Epilepsy is a common
neurological disorder, and about 10% of the population will at some time in their
life have a seizure. Epilepsy is, therefore, also common in children and young adults
who are physically active and wish to participate in sport.

Does regular exercise increase the risk of seizures?

It is common for patients with epilepsy to inquire whether regular exercise
increases the risk, or perhaps decreases the risk, of precipitating seizures. In a
recently published study, the exercise habits in a sample of adult outpatients with
epilepsy were compared with those in the general population of the same age
and sex. The results of the study showed that, in the majority of patients with
epilepsy, physical exercise had no adverse effects, and a considerable proportion
(36%) claimed that regular exercise contributed to better seizure control. However,
in approximately 10% of the patients, exercise appeared to be a seizure precipitant,
and this applied particularly to those with symptomatic partial epilepsy. The risk
of sustaining serious seizure-related injuries while exercising seemed modest.

The effect of participation in a structured program of fairly intensive leisure activity
on seizure occurrence was also investigated in adults with medically intractable
epilepsy. The relative risk of seizures did not differ significantly during activity days
(0.71 (95% confidence interval: 0.38-1.33)) compared with days of relative rest.
Cognitive exertion including physical exercise therefore had no adverse effect on
seizure control.

Patients with chronic epilepsy (without visual sensitivity) were studied to determine
if exposure to video-game material is a risk factor for seizures. The results of this
study showed that seizure occurrence was similar during periods of video-game
play and during alternative leisure activities, including physical exercise.

Physical activity, alone or combined with other leisure activities, therefore does
not appear to increase the risk of seizure occurrence. The only exception may be
in patients with an underlying structural brain lesion, where there may be an
increased risk of seizures during physical exercise.
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PRACTICAL CLINICAL POINT 17

Special considerations for sports participation in athletes
with epilepsy

Contact sports
It has been suggested that contact sports, in which there is an increased
risk of head injury, may be contraindicated in patients with epilepsy.
There is no evidence to suggest that there is a greater risk for immediate
or early seizures after a head injury in epileptic patients.
Epileptic patients can safely engage in contact sports, provided normal
precautions are taken in contact sports to protect against head injury,
such as wearing protective headgear.

Swimming and water sports
Recreational swimming by epileptic patients compared with the general
population carries a four-fold increase in the risk of drowning.
This risk is higher in children, and most drowning occurred when there
was no supervision.
Swimming for epileptic patients is not contraindicated, provided there
is adequate (qualified lifeguard) supervision during swimming.
Scuba diving is not permitted in athletes with epilepsy.
Competitive underwater swimming and diving should be avoided.

High-risk sports
There are sports where there may be a substantially increased risk of
injury or even fatalities if a seizure occurs during the activity.
These would include sports such as competitive motor sports, rock
climbing, parachuting, and hang gliding.
Legal and ethical issues require careful consideration when participation
in these sports is discussed with an athlete.

ENDOCRINE CONDITIONS IN ATHLETES

Diabetes mellitus

Diabetes mellitus is not one disease but a group of metabolic diseases characterized
by hyperglycemia resulting from defects in insulin secretion, insulin action, or both.
Although the American Diabetes Association classifies diabetes into four clinical
categories, most cases of diabetes mellitus fall into two broad categories, namely
(1) those where there is an absolute deficiency of insulin secretion (Type | — insulin-
dependent diabetes mellitus, or IDDM), and (2) those where there is either
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PRACTICAL CLINICAL POINT 18

The criteria for the diagnosis of diabetes mellitus

Classic symptoms of polyuria, polydipsia, unexplained weight loss.
Random blood glucose concentration > 11.1 mmol/I.

Fasting (no caloric intake for at least 8 hours) blood glucose concentration
> 7.0 mmol/l.

Blood glucose concentration > 11.1 mmol/l at 2 hours after a standard
glucose load (75g) — oral glucose tolerance test.

resistance to insulin action (insulin resistance) or inadequate insulin secretion or
both (Type Il — non-insulin-dependent diabetes mellitus, or NIDDM). Type |
NIDDM accounts for the majority (> 90%) of patients with diabetes mellitus.

The focus of this section will be the role that physical activity plays in the preven-
tion and management of both Type | and Type Il diabetes mellitus.

Physical activity and the prevention of diabetes mellitus

In Type | diabetes mellitus, the primary disorder is lack of insulin following
destruction of the pancreatic [§ islet cells. This destruction is thought to occur as
a result of an autoimmune process, but can also be secondary to pancreatic disease.
Lack of physical activity is therefore not related to the cause of this disease.

It has been well established that regular participation in physical exercise reduces
the risk of developing Type Il diabetes mellitus and is important in the management
of this disease. Although the actual mechanisms have not been well identified, it
appears that physical activity acts both directly by improving insulin sensitivity,
and indirectly by inducing favorable changes in body mass and body composition.
A number of important specific adaptations to exercise training have been shown
to be of benefit in the prevention of Type Il diabetes mellitus. These include:

increased muscle mass and decreased body fat (central area);

increased muscle glucose uptake during exercise;

increased skeletal-muscle blood flow;

conversion of fast-twitch glycolytic 1l-b muscle fibers to fast-twitch oxidative
[I-a fibers (which are more insulin-sensitive and have greater capillary density);
increased insulin-regulatable glucose transporters (GLUT4);

improved control over hepatic glucose production.

The exact “dose” of physical exercise required for the prevention of Type Il
diabetes mellitus has not been well established. In one study, it has been
shown that, for every additional weekly energy expenditure of 500 kcal, the risk
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of Type Il diabetes is reduced by 6%. Data also indicate that the intensity of exercise
is important, with greater reductions in risk if exercise training is conducted at a
higher intensity. It has also been shown that the effects of exercise training are
short lived, and this implies that a long-term commitment to perform regular
exercise training is necessary to reduce the risk of this disease.

Finally, it is important to emphasize that there are other general health benefits
of regular exercise training, which can also reduce the risk of complications from
Type Il diabetes mellitus, in particular, the additional benefits for the cardiovascular
system.

Physical activity and the management of diabetes mellitus

Exercise training is an important component of the management of Type | diabetes
mellitus. During an acute exercise bout, muscle contraction results in increased
glucose uptake and increased insulin sensitivity, which can continue for 4-6 hours
after exercise. This insulin-like effect of exercise has been shown to reduce the
insulin requirements in these patients, but has not convincingly resulted in
improved glucose control. Other beneficial effects of regular exercise training in
patients with Type | diabetes mellitus are:

increased functional capacity;

improved blood lipid profile;

reduced risk of cardiovascular complications;
increased skeletal-muscle capillary density;
increased general well-being.

Exercise prescription for athletic patients with diabetes mellitus

(Types I and II)

In general, the exercise prescription is similar for patients with Type | and Type I
diabetes mellitus. Prior to starting regular exercise, all patients should undergo

PRACTICAL CLINICAL POINT 19

General guidelines for exercise prescription in patients with
diabetes mellitus

Patients should ideally start the training program in a supervised setting
where medical staff are in attendance.

Exercise training should be conducted three times or more per week.
Exercise sessions should be at least 30-60 minutes and be preceded by
an adequate warm-up and followed by a cool-down.

Activities can include brisk walking or jogging (unless complicated by
injuries to feet), cycling, swimming, rowing, or aerobics.

Exercise training at higher intensities is encouraged.
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PRACTICAL CLINICAL POINT 20

Avoiding metabolic complications (particularly in Type |
IDDM) during exercise

Patients with diabetes are encouraged to eat a carbohydrate meal 1-2
hours before an exercise session.

In Type | IDDM, the recommendation is not to inject any insulin less
than 1 hour before an exercise session, and to perhaps reduce the insulin
dose just before exercise.

Each session should ideally be preceded by determination of the blood
glucose concentration.

If the blood glucose concentration before exercise is lower than 5.6
mmol/l, carbohydrates should be ingested before starting exercise
training.

If the blood glucose concentration before exercise is above 13.5 mmol/l,
the urinary ketones should be measured.

Exercise training should be postponed if ketones are present, and blood
glucose control must be established first.

Carbohydrates should be available during an exercise session.

Patients are encouraged to exercise with a partner who is familiar with
the condition.

a comprehensive medical assessment (history and physical examination). This
examination should place emphasis on establishing that there is good blood
glucose control, and identifying any complications of the disease (myocardial
ischemia, peripheral vascular disease, retinopathy, microalbuminuria, peripheral
and/or autonomic neuropathy). All patients should also undergo an exercise stress
ECG, consult with a nutritionist, and be informed of the potential risks of exercise
training, such as hypoglycemia, hyperglycemia, orthopedic injuries related to
peripheral neuropathy, increases in blood pressure during exercise, and the risk
of cardiac complications.

MUSCULAR CONDITIONS IN ATHLETES

Exercise-associated muscle cramps

About 30-50% of all endurance athletes will experience cramping at some stage
in their running careers. The causes, diagnosis, and treatment of cramping are still
not well understood. Muscle cramps can be a manifestation of some underlying
medical disease, but the majority of these medical diseases are rare, and most
athletes with cramping suffer from exercise-associated muscle cramping (EAMC).
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PRACTICAL CLINICAL POINT 21

Risk factors for EAMC in athletes
There is good evidence (from prospective cohort studies) for:

increased exercise intensity;
past history of muscle cramping;
muscle damage (requires further study).

There is limited evidence (case control and cross-sectional studies) for:

older age (years);

longer history of running (running years);

higher BMI;

shorter daily stretching time;

irregular stretching habits;

positive family history of cramping;

long duration of running (most cramps occur after 30 km in a standard
marathon);

subjective muscle fatigue;

hill running.

EAMC is defined as a “painful spasmodic involuntary contraction of skeletal
muscle that occurs during or immediately after muscular exercise.”

Early observations have led to the belief that cramps in athletes are caused by
shortages of “electrolytes” (sodium, chloride, magnesium), “dehydration,” or heat.
However, there is a lack of scientific support for these theories, and it appears
that EAMC is caused by a disturbance in the normal control of the nerves that
cause muscle contraction. The development of abnormal neuromuscular control
appears to be associated with the etiology of EAMC, possibly as a result of muscle
fatigue resulting from increased exercise intensity and possible muscle damage.

Important observations from prospective cohort studies are that EAMC is associated
with a past history of EAMC, increased exercise intensity, and possible pre-
exercise muscle damage. Muscles most prone to cramping are those that span two
joints (hamstring muscles, one of the front thigh muscles, some of the calf muscles,
and foot muscles). These are also the muscles that are often contracted in a
shortened position during exercise.

The clinical features of EAMC are skeletal-muscle fatigue followed by twitching of
the muscle (“cramp prone state”). This progresses to spasmodic spontaneous
contractions and eventual frank muscle cramping with pain. Relief from the
“cramp prone state” occurs if the activity is stopped or if the muscle is stretched
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passively. Once activity is ceased, episodes of cramping are usually followed by
periods of relief from cramping. Cramping can be precipitated by contraction of
the muscle in a shortened position (inner range).

The clinical examination of an athlete with EAMC typically shows obvious distress,
pain, a hard, contracted muscle, and visible fasciculation (twitching) over the
muscle belly. In most instances, the athlete is conscious, responds normally to
stimuli, and is able to conduct a conversation. Vital signs and a general examination
usually reveal no abnormalities. In particular, most runners with acute cramping
are not dehydrated or hyperthermic. An athlete who has generalized severe
cramping or is confused, semi-comatose or comatose should be treated as an
emergency and requires immediate hospitalization, where full investigation is
required.

The immediate treatment for acute cramping is passive stretching of the affected
muscle groups and then holding the muscle in stretched position until fasciculation
(twitching) ceases. Supportive treatment involves keeping the athlete at a
comfortable temperature and providing oral fluids if required. Athletes with
recurrent acute EAMC should be investigated fully to exclude other medical
conditions.

The key to the prevention of cramps is to protect the muscle from injury and from
developing premature fatigue during exercise by being well trained, performing
regular stretching, ensuring adequate nutritional intake (carbohydrate), and
performing activity at a lower intensity and a shorter duration.

RENAL CONDITIONS IN ATHLETES

Hematuria in athletes

Athletes may complain of “dark urine” or even frank blood in the urine after
activity. This is known as exercise-associated hematuria (EAH). Both gross and
microscopic hematuria has been reported in a variety of sports and in both trained
and novice athletes. The incidence of EAH is variable and depends on the type,
intensity, and duration of the sports, as well the sensitivity of the techniques that
were used to diagnose hematuria. In general, hematuria is more common after
high-intensity or prolonged exercise.

The prevalence of EAH in athletes participating in the Commonwealth Games was
11.4%. The incidence of hematuria after a standard marathon was reported as
18%, and after a 96-km road race was 63%. The precise etiology of EAH is not
known. It is likely that EAH can be caused by a number of different pathologies
at different sites in the renal tract (Table 8.3).

The earliest reports implicated the kidney as the source of hematuria. The decrease
in renal blood flow, in particular in the vessels that supply the renal papillae, has
been implicated in EAH.
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Table 8.3 Possible sites and causes of exercise-
associated hematuria

Site of pathology Cause

Kidney Ischemia
Acute renal failure
Increased vascular fragility
Trauma
Nephroptosis
Calculi

Ureter Calculi

Bladder Contusion
Calculi
Infection

Urethra Contusion
Calculi
Infection
Trauma
Cold

Mechanical trauma to the kidney has also been implicated in EAH. In one case
report, jogging was described as a cause of nephroptosis in a patient with weak
ligamentous attachments of the kidney. It was suggested that jogging causes
excessive displacement of the kidney, with resultant trauma. Furthermore, in
contact sports, direct trauma to the kidney has been implicated as the cause of
so-called “athletic pseudonepbhritis,” which is a triad of hematuria, proteinuria,
and casts in the urine post exercise. However, this is unlikely as the only cause of
this clinical picture, as it also occurs in non-contact sports such as swimming and
rowing.

Currently, the consensus of opinion is that the lower urinary tract is the most likely
site of pathology in benign EAH. Runners with hematuria after a 10-km race were
examined by cystoscopy and found to have contusions of the bladder mucosa.
Contracoup lesions were demonstrated in the lower posterior bladder and the
trigone. It was postulated that the cause of hematuria in these athletes was
repetitive trauma of the anterior bladder mucosa against the fixed posterior wall.

EAH is benign in most cases and resolves after 24-48 hours. Initial investigation
of the athlete who presents with EAH should include a comprehensive history to
identify (1) the type, duration, and frequency of exercise; (2) fluid intake during
exercise; (3) history of medication use; (4) family history of renal disease; and (5)
systemic medical disease.
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PRACTICAL CLINICAL POINT 22

Clinical indicators that renal disease must be excluded in
athletes presenting with hematuria

Progressive colic or flank pain.

Persistent hematuria or proteinuria after 48 hours.

Presence of urinary casts.

Positive urine culture.

Oliguria after prolonged strenuous exercise (longer than 12 hours).

The athlete should undergo a systematic physical examination, including a
urinalysis. If there are no identifiable causes for the EAH, the athlete should
be re-assessed in 48 hours. If the hematuria has cleared and there are no other
abnormalities on examination, the athlete can be followed up once more in
6 months’ time. If the repeat urinalysis is abnormal, further investigations are
required. These would include an intravenous pyelogram (IVP) and a cystoscopy.
Further renal function tests are also indicated.

Proteinuria in athletes

In man, there is a normal daily excretion of protein in the urine of about 40-80
mg (usually less than 150 mg). The incidence is of exercise-associated proteinuria
(EAP) is variable and depends on the sensitivity of the testing, and the type,
intensity, and duration of the exercise. The incidence of EAP varies 11-100% after
a bout of strenuous exercise.

The severity of EAP can be expressed as the protein excretion rate post exercise.
Post-exercise excretion rates vary considerably, and values ranging from 86 ug/min
(123 mg/day) to 5,100 ug/min (7.34 g/day) have been documented. The maximal
protein excretion rate occurs in the first 20-30 minutes after stopping exercise.
The protein excretion rate declines after exercise and returns to normal after
approximately 4 hours.

At similar intensities of exercise, running appears to result in higher urinary protein
excretion rates than swimming or cycling. In general, higher-intensity exercise
increases the protein excretion rate. There is some evidence from early studies
that lack of conditioning may be associated with EAP. However, recent studies
have shown that, if exercise is performed at the same absolute intensity, the rate
of protein excretion is not affected. In one study, protein excretion during exercise
was documented in 73 pairs of mono- and dizygotic twins. The results indicate
that there may be a genetic predisposition to the development of EAP.
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The mechanisms that may be responsible for EAP include metabolic acidosis, renal
hypoxia, renal vasoconstriction, increased rennin activity, and a loss of negative
charge on the glomerular membrane.

An athlete will not usually present with any symptoms of proteinuria. Dipsticks
may detect proteinuria incidentally during a pre-season medical assessment.
Alternatively, dipsticks may detect proteinuria within 24-48 hours after strenuous
exercise. In most cases, proteinuria in otherwise healthy athletes is benign and
has no long-term effects. However, it does require a sound clinical approach to
rule out serious renal disease.

A detailed medical history and a physical examination to exclude clinical evidence
of renal or systemic disease should be performed. The history should include the
intensity, duration, and type of exercise, the time span between the last exercise
bout and the examination, fluid intake, environmental conditions, and previous
history of proteinuria.

On examination, it is important to exclude associated renal or systemic disease,
such as hypertension, edema, or anemia. If there is clinical evidence of renal or
systemic disease, further blood tests, renal function tests, renal imaging, and
eventually a renal biopsy may be required to establish the diagnosis. A nephrologist
is the best person to perform these.

If there is no clinical evidence of renal or systemic disease, qualitative tests for
proteinuria should be repeated two or three times. If no proteinuria is detected
in well-concentrated urine specimens, the proteinuria can be ascribed to transient
or functional proteinuria. The athlete can be reassured, and no further tests are
required.

If proteinuria is detected each time during repeat tests, further investigation is
required. This would include serum urea, electrolytes and creatinine, creatinine
clearance, a postural proteinuria test, a 24-hour urine protein excretion test, and
a renal ultrasound.

If the renal function tests and the renal ultrasound are normal but the proteinuria
is not postural, the 24-hour urine protein test should be repeated two or three
times to exclude intermittent proteinuria. If the proteinuria is intermittent, young
patients (< 30 years) should be followed up annually, and older patients should
be followed up every 6 months. Persistent proteinuria requires specialist
investigation to exclude renal or systemic disease.

Acute renal failure in athletes

Acute renal failure is a most serious renal complication that may occur after
exercise. The incidence of acute renal failure after physical exercise is not known.
It is likely to be very variable, specifically with regard to (1) different types of
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exercise; (2) intensities and duration of exercise; (3) environmental conditions;
(4) state of hydration of the participants; and (5) the use of medication during
exercise.

Acute renal failure in the setting of exercise is precipitated by a number of possible
factors, including dehydration, hyperpyrexia, myoglobinuria, hemoglobinuria, and
the use of nephrotoxic medications during exercise. These factors usually cause
acute renal failure during exercise in combination.

In severe dehydration, the renal blood flow is reduced, resulting in renal ischemia,
which can cause acute tubular necrosis. Strenuous exercise that is performed in
hot, humid environmental conditions can cause hyperpyrexia, which can damage
a variety of organ systems. In particular, it can cause skeletal-muscle damage,
directly or indirectly, by decreasing blood flow to muscles. Skeletal-muscle damage
(rhabdomyolysis) is associated with the release of nephrotoxic substances, in
particular myoglobin.

Hyperpyrexia can also be associated with intravascular hemolysis and resultant
hemoglobinemia. The effects of these two pigments (myoglobin and hemoglobin)
on the kidney require further discussion. Rhabdomyolysis is associated with the
release of myoglobin, which is a globin chain containing a haem pigment. In acidic
media such as during metabolic acidosis, and during bicarbonate absorption in
the proximal tubule, globin dissociates from this ferrihemate compound. This
ferrihemate compound is directly nephrotoxic as it interferes with renal tubular
transport mechanisms.

PRACTICAL CLINICAL POINT 23

Guidelines for athletes to decrease the risk of developing
acute renal failure after exercise

Drink enough fluid during exercise, particularly in hot, humid environ-
mental conditions.

Acclimatize to hot, humid environmental conditions if possible.

Do not use any form of medication during exercise unless advised by
your doctor.

Do not use any pain killers or anti-inflammatory drugs for at least 48 hours
before prolonged strenuous exercise.

Do not ignore blood in the urine after exercise.

Make sure that you drink enough fluid in the first few hours after
exercise.

Seek medical advice urgently if you have not passed any urine 12 hours
after exercise.
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Other factors that may cause renal failure during rhabdomyolysis are (1) fibrin
deposition in the glomeruli, (2) intravascular volume depletion secondary to
muscle damage, and (3) release of purines resulting in a surge of uric acid
production.

Clinical experience suggests that rhabdomyolysis leads to myoglobinuric renal
failure only when other factors, such as intravascular volume depletion, hemo-
concentration, renal vasoconstriction, or exposure to other nephrotoxins, are
present.

In general, hemoglobin has less dramatic effects on the kidney, and clinical
experience indicates that hemoglobinuria compromises renal function only in the
presence of other factors, such as volume depletion, acidosis, or hypotension.

The use of non-steroidal anti-inflammatory drugs (NSAIDs) by athletes, particularly
during ultra-distance events, should be strongly discouraged, because they may
lead to acute renal failure. The mechanisms by which NSAIDs interfere with normal
renal function involve inhibiting the synthesis of prostaglandins, which are
important renal vasodilators. In the presence of high renin levels (such as during
exercise), they can cause interstitial nephritis.

If the athlete has not passed urine in the first 12 hours post exercise, it is important
to encourage increased fluid intake, particularly if there is evidence of intravascular
volume depletion. Intravenous fluids may be indicated if this depletion is severe.

If the athlete has not passed urine 12 hours or longer after the exercise, further
investigation is required. This may include:

hospitalization for investigation and observation;
urine examination (microscopy and electrolytes);
blood tests, including serum urea and electrolytes;
renal function tests (creatinine clearance);

renal ultrasound.

GYNECOLOGICAL CONDITIONS IN FEMALE ATHLETES

Exercise-related menstrual abnormalities and the female
athletic triad

Competitive sports participation in female athletes has increased in the last
decades. There is thus an increasing need to understand the specific medical
conditions related to sports participation in female athletes. One of these areas is
related to exercise-related menstrual abnormalities, as well as the female athletic
triad in female athletes.

The normal female menstrual cycle varies greatly in length from 22 to 36 days in
women between the ages of 20 and 40 years. Typically, the cycle is divided into
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the menstrual phase (coinciding with menstrual bleeding), followed by the follicular
phase (dominated by estrogens), and the last phase, which is dominated by
progesterone and is known as the luteal phase. The regulation of these phases is
complex and involves the hypothalamus, pituitary gland, and ovaries. Positive and
negative feedback from hormones regulate this cycle. Pulsatile release of
gonadotropin-releasing hormone (GnRH) from the hypothalamus controls the
release of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) from
the anterior pituitary gland. FSH stimulates growth and development of the
primary follicles in the ovary leading to ovulation, and LH is responsible for estrogen
production and secretion from the corpus luteum, which in turn releases
progesterone for the maintenance of the endometrium. This is a highly complex
and intricate control system, and intense or prolonged exercise training has been
associated with disturbances of the normal menstrual cycle.

The following menstrual abnormalities have been observed in female athletes:

athletic amenorrhea (defined as 0-3 periods per year);

oligomenorrhea (defined as 4-9 periods per year);

anovulation and shortened luteal phases (duration of less than 14 days);
delayed menarche (no occurrence of menses before 16 years age);
dysmenorrhea (pelvic pain or cramps at any time during the menstrual cycle).

There are no precise data on the prevalence of menstrual abnormalities in female
athletes. This is owing to the wide variation of menstrual abnormalities in the
general population and the wide variation of the physical demands of different
sports. Also, very few well-conducted studies have been carried out to document
the epidemiology of these conditions. However, it has been shown that the
prevalence of menstrual abnormalities is higher in athletes (ranging 1-66%) than
in non-athletes (ranging 2-5%). It is also evident that menstrual abnormalities are
more common in sports in which there is a high physical demand (high intensity
and increased duration of training), as well as sports where body-weight control
and aesthetics are important (ballet, gymnastics).

Amenorrhea, oligomenorrhea, anovulation, short luteal phase,

and delayed menarche

Amenorrhea, oligomenorrhea, anovulation, short luteal phase, and delayed
menarche are common. The precise causes for these abnormalities are not clear.
It appears that these conditions represent a continuum rather than separate
entities. There appears to be consensus that the main abnormality in these
conditions is that exercise alters, in some as yet unknown way, the pulsatile release
of GnRH, which then has a concomitant effect on LH release and consequently
affects estrogen and progesterone concentrations. The mechanisms possibly
responsible for the altered pulsatile release of GnRH are numerous and relate to
increased physical stress during exercise, nutritional deprivation, physical illness,
and mental stress.
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PRACTICAL CLINICAL POINT 24

Guidelines for the clinical assessment of the female athlete
with exercise-related menstrual abnormalities

Obtain a careful history and examination before the condition is ascribed
to exercise training,.

Rule out other systemic conditions, including pregnancy, thyroid disease,
reproductive system abnormalities, diabetes mellitus, and other
endocrine diseases.

Carefully evaluate the athlete’s exercise program, psychological status,
and dietary and eating habits.

If the clinical evaluation is normal, and the only suspected cause is an
increased training load, advise the athlete to reduce training intensity and
duration for 2-3 months.

If menses resume following a reduction in training, generally no further
evaluation is required.

A full endocrine and gynecological evaluation is required if menses do
not resume on reducing exercise training load and intensity.

Effects of menstrual abnormalities on exercise performance

Fluctuations in female athletic performance have been attributed to alterations in
the menstrual cycle. However, recent reviews of the literature show that there is
no significant effect of the phases of the menstrual cycle on physiological
determinants of endurance performance.

Effects of menstrual abnormalities on fertility

Female fertility can be affected by many factors that affect normal reproductive
function. Broadly, these factors fall into four categories: (1) nutritional deprivation,
(2) physical illness, (3) psychological stress, and (4) rapidly increasing or excessive

PRACTICAL CLINICAL POINT 25

Advice for the female athlete with possible infertility

Decrease the exercise intensity by 10-20%.

Gain 1-2 kg body weight.

Monitor basal body temperature for 3 months.

Seek psychological counseling to deal with any excessive emotional stress.

@
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exercise. Exercise-related menstrual abnormalities that can negatively affect fertility
are amenorrhea, anovulatory cycles, and shortening of the luteal phase. It is,
however, important to emphasize that other factors, such as emotional stress,
nutrition, and physical illness, must be excluded. These factors are often present
in high-level athletes.

Further investigations and the use of medication may be required if ovulation has
not returned to normal within 3—4 months.

Dysmenorrhea

Although there is anecdotal evidence that dysmenorrhea is less common in highly
trained female athletes, this has not been confirmed in well-conducted scientific
studies. Possible mechanisms for the decrease in dysmenorrhea have been linked
to increased opioids circulating during exercise, as well as decreased levels of
progesterone after ovulation.

Osteopenia and osteoporosis

High training loads and restricted energy intake are often seen in female athletes
in an attempt to retain low body mass. This, together with the development of
exercise-related menstrual abnormalities, in particular amenorrhea, has led to the
description of a syndrome known as the “female athletic triad.” The female athletic
triad is composed of the following three conditions: amenorrhea, disordered
eating, and osteoporosis. The female athletic triad has significant negative health
consequences for the female athlete and requires investigation and treatment.

A young athlete who presents to the physician with delayed menarche requires a
full, normal gynecological and endocrine evaluation to determine the cause, before
it is ascribed to increased exercise training.

DERMATOLOGICAL CONDITIONS IN ATHLETES

Exercise-associated skin allergies

In certain susceptible individuals, physical exercise can act as the stimulus for an
allergic reaction, which can manifest as a skin-related allergy. These reactions are
known as exercise-associated skin allergies. An allergic reaction is an immunological
response to the exposure to a physical or chemical stimulus. Exposure to the
stimulus results in the release of vasoactive substances from activated cells (mast
cells, basophils, mononuclear cells) or from enzymatic pathways (complement
system). Vasoactive substances include histamine, bradykinin, prostaglandins,
leukotrienes, and complement factors C3a, C4a, and C5a. These substances are
responsible for vasodilation and bronchospasm, which present clinically as skin
rashes and wheezing, respectively.
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Urticaria

Urticaria is an allergic reaction characterized by an itchy, red, patchy skin rash
(usually 10-15 mm in diameter) that develops 2-30 minutes after the start of
exercise. The rash usually starts in the upper thorax and neck and may spread to
other areas of the body. Various types of urticaria have been described:

Cholinergic urticaria, which is much smaller (1-3 mm in diameter) than so-
called classical urticaria, occurs in response to other physical stimuli such as
anxiety, heat, and sweating, and it is treated with H1-histamine antagonists,
in particular hydroxyzine or cyproheptadine. An exercise program with
gradually increased load can induce tolerance to the condition.

Cold urticaria occurs in response to exposure to cold and can affect athletes
participating outdoors on cold winter days, or swimmers in cold water.
Massive mediator release can result in hypotension and collapse, but these
responses are rare. Cold urticaria is best treated with avoidance of exposure
to cold, and its symptoms can be treated with antihistamines.

Localized heat urticaria is rare; it occurs in response to local heat application
and is difficult to treat. Antihistamines and cortisone have not been very
effective in treating localized heat urticaria.

Solar urticaria and aquagenic urticaria are rare conditions caused by exposure
to light and water, respectively. In both cases, the treatment involves blocking
the light or water by applying sunblocks and inert skin oils, respectively.
Pharmacological treatment with antihistamines is also indicated.

Dermatographism

Dermatographism is an allergic reaction characterized by linear wheals that occur
1-3 minutes after the skin is stroked. Dermatographism has been described in
football players wearing protective gear. Treatment with antihistamines is successful
in most cases.

Angioedema

Angioedema (delayed pressure urticaria) is characterized by swelling or urticaria
that occurs 4-6 hours after the application of pressure to the skin (footwear, tight
clothing). It has been postulated that diet may have a role in causing angioedema.
Treatments include avoiding skin pressure and using drugs such as H1-antagonists,
as well as NSAIDs to control symptoms.

Exercise-induced anaphylaxis

Exercise-induced anaphylaxis (EIA) is not a localized allergic reaction affecting the
skin. It is a rare, systemic, and serious allergic response to physical exercise. It is
characterized by giant-sized urticaria (10-15 mm in diameter), URT obstruction,
hypotension, angioedema, GIT colic, and headaches that last for up to 72 hours.
Attacks of EIA are episodic, and the symptoms vary. EIA appears to be associated
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with a family history of atopy and can be aggravated by certain foods and by
menstruation.

Sun damage to the skin

Athletes participating in outdoor sports activity are exposed to the acute and
chronic effects of sun exposure. Acute injury to the skin as a result of sun exposure
is known as sunburn, whereas the long-term health risks of chronic exposure to
the sun’s radiation can result in premature aging of the skin and an increased
incidence of skin cancer and melanoma.

The solar electromagnetic radiation spectrum includes wavelengths from 270 to
5,000 nm, but the main wavelengths causing skin effects are between 270 and
800 nm. Visible light (400-800 nm) is poorly absorbed by the ozone layer, and
most of it reaches the earth’s surface. Ultraviolet A (UVA) (320400 nm) is poorly
absorbed by the ozone layer and therefore also reaches the earth’s surface. UVA
is responsible for aging effects on the skin. Ultraviolet B (UVB (290-320 nm) is
responsible for sunburn, carcinogenic effects on the skin, and vitamin D
metabolism. It is moderately well absorbed by the ozone layer, but, depending
on the ozone layer, significant amounts can reach the earth’s surface and affect
the skin. Ultraviolet C (UVC) (200-290 nm) is well absorbed by the ozone layer,
and little reaches the earth’s surface. This wavelength can cause sunburn, but also
leads to protective thickening of the epidermis with chronic exposure. Infrared
radiation (> 800 nm) is felt as heat on the skin. The water droplets in clouds absorb
infrared radiation, but not UVA and UVB. Furthermore, wind, and the presence
of light surfaces such as sand, snow, and water may aggravate sun damage.

Acute sun injury to the skin

Acute injury to the skin as a result of sun exposure is known as sunburn and is
very common. Sun damage is caused mainly by the shorter-wavelength ultraviolet
radiation (UVA and mainly UVB). There is a higher risk for sunburn when athletes
are exposed to the sun when less filtering of UV radiation occurs, such as during

PRACTICAL CLINICAL POINT 26

Treatment of acute sunburn

Cool tap-water compresses.

Application of a topical corticosteroid cream (low-to-medium potency)
(first 48 hours).

Oral anti-histamines.

Oral NSAIDs.

FiM3
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the middle of the day (10 a.m. to 2 p.m.), at high altitude, when there is reflection
(snow, sand), increased humidity (reduced UV filtration), and at equatorial
latitudes.

Shorter-wavelength radiation (UVB) is absorbed by the upper layers of the epi-
dermis and can cause erythema, swelling, pain, blistering, and peeling owing to
direct damage of the kartinocytes with the release of inflammatory mediators. UVA
penetrates skin more, affecting the deeper layers (melanocytes, elastin, collagen).

Prevention of sunburn is the most important component of protection of the skin
in athletes.

PRACTICAL CLINICAL POINT 27
Prevention of acute sun injury in athletes

Avoid exposure to the effects of sunlight by exercising early in the
morning or in the late afternoon.

Cover exposed areas of skin with suitable clothing (fast-drying, tightly
woven).

Wear a wide-brimmed hat to cover ears, nose, and neck.

Apply a sun-protection cream prophylactically at least 1 hour before
sports to all exposed areas of the skin, choosing the correct sun protection
factor (SPF) based on the skin type (lighter versus darker skins) (see Table
8.4).

Re-apply sunscreen every 2 hours, particularly during activities such as
swimming.

Encourage the use of sunglasses with UVA and UVB filtering charac-
teristics to avoid sun damage to the eyes.

Use of oral photoprotective agents can be considered (Table 8.5).

Exposure to UV light results in an immediate and delayed protective response of
the skin (commonly known as tanning). Immediate pigment darkening through
oxidation of pre-existing melanin and redistribution of pre-existing melano-
somes within melanocytes occurs immediately in response to sun exposure and
fades a few minutes after exposure. The delayed-onset tanning effect starts 24-48
hours after exposure to UVA and UVB and consists of melanocyte division,
increased synthesis of melanin, and redistribution of melanosomes to epidermal
keratinocytes.

FiM3
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Table 8.4 Skin types and the use of sun-protection cream

Skin Sensitivity to UV radiation
type

I Very sensitive

Il Very sensitive

1] Sensitive

v Moderately sensitive
\% Minimally sensitive
\ Insensitive

History of exposure to sun

Always burns, never tans
Always burns, little tan

Burns moderately, tans slowly
Burns little, tans well

Rarely burns, tans dark brown

Deeply pigmented, never burns

Suggested

SPF°

10+
10+
8-10
6-8
4

None

Note:

* The SPF is an area-specific factor and is a “time” measurement. Each geographical area has got a “safe
sun time,” which refers to the time that can be spent in the sun without damaging the skin. For example,
in an area where the safe sun time is 10 minutes, this time gets multiplied with the SPF. An SPF of 10
gives 10 x protection, meaning 10 x 10 minutes = 100 minutes. Similarly an SPF of 30 gives protection
for 300 minutes (5 hours), after which the sunscreen needs to be reapplied. Protection from exposure
that lasts a full day would require the use of an SPF 60 = 10 hours.

Table 8.5 Oral photoprotective agents

Agent

Beta-carotene

Chioroquine

Psoralens

Indication

Porphyria and other
photosensitivity states,

such as discoid lupus,
polymorphous light eruption,
and actinic reticuloid

Lupus, porphyria cutanea
tarda, and other
photosensitivity states

Enhances natural protective
mechanism (keratin thickness
and melanization of melano-
somes)

Notes

— Protects against UVA

— Becomes effective in 6 weeks

— May be combined with a topical
sunscreen

— No serious adverse effects have

been reported
— Recommended adult dose is
120-80 mg per day

— Potentially toxic drug
— Should never be used without

careful supervision (regular visual-

field checks)

— Daily dose should not exceed

4 mg/kg

— Used in combination with graded

exposure to ultraviolet light

— Should not be used without

very careful monitoring by an
experienced dermatologist
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PRACTICAL CLINICAL POINT 28

Conditions that are associated with photosensitivity

Porphyria of various types (in particular, erythropoeitic protoporphyria).
Lupus erythematosus (including chronic discoid, subacute, and systemic
forms).

Albinism (associated with the absence of melanin).

Rare genetic disorders (xeroderma pigmentosum, Rothmund-Thomson
syndrome, Bloom’s syndrome, and Cockayne’s syndrome).
Polymorphous light eruption, actinic reticuloid, and solar urticaria (light-
sensitive dermatoses of unknown cause).

Medications (suphonamides, tetracyclines, oral hypoglycaemic agents,
thiazide diuretics, and some anti-inflammatory drugs, e.g. naproxen
sodium).

Photosensitizing agents in soaps and cosmetics may also cause problems.

Chronic exposure to sun can result in a number of more serious skin conditions,
including:

damage to collagen and elastin manifesting as wrinkling, irregular pigmenta-
tion, epidermal thinning, and telangiectasia;

pre-malignant skin lesions such as actinic keratosis;

malignant skin conditions (basal cell carcinoma, squamous cell carcinoma, and
malignant melanoma).

OTHER MEDICAL CONDITIONS IN ATHLETES

Jet lag

In recent years, there has been a large increase in the number of international
sports competitions. This increase has been made possible in part through the
development of an efficient, worldwide air-travel network. Athletes are required
to travel to international competitions all over the globe. This can mean spending
long hours of traveling overnight in a north—south direction, or to other destinations
that involve crossing a number of time zones in the east-west or west—east
direction. For example, during the Summer and Winter Olympic Games, many
international teams travel across many time zones. Athletes are, nevertheless,
expected to perform at peak level upon arrival.

It is understood that traveling across time zones is associated with a syndrome
characterized by general malaise, together with a host of other non-specific symp-
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PRACTICAL CLINICAL POINT 29
Symptoms of jet lag

m General malaise.

m Headaches.

M Insomnia.

I Fatigue.

m Lethargy.

m Apathy.

W Dizziness.

m Non-specific gastrointestinal distress.
B Reduced appetite.

m Poor mental and psychological task performance.

toms. This syndrome, known as the “jet lag” syndrome, may have a detrimental
effect on sports performance. It is important for any health professional who deals
with the traveling athlete to be aware of the potential negative effects of inter-
continental travel on sports performance.

Jet lag is a transient clinical syndrome that occurs in response to a disruption of
normal biological rhythms and classically results in non-specific symptoms. The
syndrome develops in most individuals when they travel across three or more time
zones. The syndrome is characterized by two phases: (1) the development of
circadian dysrhythmia (desynchronization), and (2) adaptation to the new time

PRACTICAL CLINICAL POINT 30
Factors affecting the ability to adapt to jet lag

Major factors

m Number of time zones crossed.

m Direction of the flight.

m Individual variation.

W Age.

m Exposure to sunlight in the new environment.

Minor factors

m Diet.
m Hypnotics.

@ 155
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zone (resynchronization). An understanding of the basic physiology of these two
phases is essential to give appropriate guidelines for the prevention of jet lag.

It is now fairly well established that jet lag is caused by circadian dysrhythmia.
Circadian dysrhythmia refers to the disruption (desynchronization) of the normal
biological clock (circadian rhythms) by external cues (light and dark cycles).

Circadian rhythms are characterized by an inherent periodicity of 24-26 hours
and exist in a number of physiological systems in the body. These rhythms
function as internal time indicators for the body and are important in the normal
regulation of physical and psychological parameters, such as body temperature,
blood cortisol levels, and alertness (sleep and wake cycle). These normal rhythms
are influenced by external cues in the environment, in particular light and dark
cycles.

When an athlete crosses several time zones, the circadian rhythms that are
affected by the external cues of the previous time zone have to be adjusted to
the new time zone. This adjustment is known as resynchronization and is correlated
with the resolution of the symptoms of jet lag. A number of factors can influence
the period required for resynchronization.

It is well established that, the more time zones crossed, the longer it takes to
resynchronize the circadian rhythms. A rule of thumb is that it takes approximately
1 day per time zone crossed to resynchronize. The direction of the flight also has
an important bearing on the time needed to adjust. A north—south flight that does
not cross time zones requires no adjustment of circadian rhythms. Evidence shows
that the time to adjust is 30-50% less if the flight is in an east-west direction (phase
delay), compared with a west—east direction (phase advance). This difference is
because the natural rhythm of the body is approximately 25 hours, which makes
it easier to adjust to conditions that lengthen the day (east-west flights). Individual
differences exist in the time needed for adjustment. “Night persons,” usually
extroverts, have their peaks in circadian rhythms later in the day, and therefore
adjust more easily to west—east flight (phase advance). Conversely, “day people,”
usually introverts, will adjust easier to east—west flights (phase delay).

Age is associated with a change in the normal sleep pattern, usually involving going
to bed and rising earlier. This change would therefore favor adjustment to
west—east travel. The time to adjustment is also greatly influenced by how quickly
the person is exposed to new environmental cues, in particular sunlight. Early
exposure to the new day and night cycle results in a more rapid resynchronization.
Minor factors that can influence the resynchronization time include the type and
content of meals, as well as drugs known as chronobiotic drugs.

The effects of chronobiotic drugs on resynchronization require further discussion.
Although none of the drugs discussed has been studied in actual flight experiments
in humans, there may well be a future role for chronobiotic drugs in the prevention
of jet lag. There are two basic mechanisms by which drugs can affect the
resynchronization process.
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First, drugs can act as external cues or synchronizers of biological rhythms.
Examples of drugs that fall into this first category are adrenocorticotropin hormone
(ACTH), levadopa, and parachlorophenylalanine. The timing of administration in
the normal cycle is crucial in determining the effects of these drugs. If administered
early in the cycle, they cause an advance in the normal cycle and thereby assist
athletes who are traveling in a west—east direction (phase advance). Conversely,
if administered later in the normal cycle, the drugs delay the cycle and assist
athletes traveling in an east-west direction (phase delay).

The second mechanism by which chronobiotic drugs act is to intensify the effects
of normal external cues. Drugs such as lithium and clorgyline facilitate resynchron-
ization after east-west flights. Tricylic antidepressants, melatonin, and estradiol are
drugs that are postulated to facilitate resynchronization after west—east flights.

The chronobiotic drug melatonin is commonly used by athletes to adapt to time-
zone changes. Melatonin is secreted from the pineal gland between 9 p.m. and
7 a.m. and is regarded as a “dark pulse.” Melatonin capsules taken in the evening
for a few days before departing (at local time) and after arrival (at local time) may
well facilitate resynchronization. When administrated under this schedule,
melatonin has been shown to reduce the symptoms of jet lag in both men and
women, and in both west—east and east-west travel directions. However, the exact
mechanism by which melatonin facilitates resynchronization has not been
established. A recent publication indicates that melatonin ingestion could alter the
body clock. The use of melatonin in athletes, and in particular the effect of
melatonin on exercise performance, needs further investigations.

Circadian rhythms of different bodily systems resynchronize at different rates. For
example, body temperature, which varies from 36°C early in the morning to 38.5°C
in the late afternoon, resynchronizes at a relatively rapid rate (40-50 minutes per
day). The body temperature circadian rhythm is of particular importance in
athletes, because it has been shown to be the most important rhythm determining
athletic performance. Hormonal and renal function rhythms, on the other hand,
can take longer to adjust to new time zones.

There is substantial anecdotal, but less scientific, evidence for the adverse effects
of jet lag on sports performance. In one of the best-conducted scientific studies,
it has been shown that west—east travel across six time zones results in a decrease
in athletic performance of approximately 10%. In that study, decreases in athletic
performance for specific events were 8-12% for a 270-m sprint, 8-9% for a
2.8-km run, 6-11% for isokinetic muscle strength, and 13% for isokinetic muscle
endurance.

Practical guidelines to minimize the effects of jet lag in athletes or other patients
who travel across time zones can be categorized according to the following two
circumstances: (1) travel that involves small (less than three time zones) but
consecutive time shifts; and (2) travel that involves one large (more than three
time zones) time shift.
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PRACTICAL CLINICAL POINT 31
Guidelines to minimize the effects of jet lag in athletes

Small but consecutive time-zone shifts

Schedule competitions in the morning after westward flights and in the
evening after eastward flights.

Travel in one direction when competing at different venues on an
extended trip.

Indulge in social and exercise activity (training sessions) immediately after
arriving at the destination.

Preset the sleep/wake cycles to that of the destination a few days before
departing.

Eat meals regularly after arriving at the destination.

Avoid alcohol during the flight.

Single, large time-zone shift
Arrive at the destination at least 1 day early for each time zone crossed
(allow 14 days for resynchronization if the time-zone difference is greater
than 6 hours).
For flights crossing more than 10 time zones, it is better to take a
west—east flight.
Attempt to partially synchronize sleep/wake cycles and meals a few days
before departing (for east-west flights, this means going to bed later).
Indulge in social and exercise activity (training sessions) immediately after
arriving at the destination.
Maintain regular sleeping and eating times upon arrival.
Alternate light/heavy meals for 3 days before the flight.
Avoid alcohol during the flight.
Chronobiotic drugs such as melatonin may be used.

Exercise and sexuality

The team physician is often the first or only contact point between health pro-
fessionals and athletes. It is therefore quite common that the athlete will seek
information from the team physician about aspects related to human sexuality and
sport.

It must first be emphasized that human sexuality is complex and involves rela-
tionships between individuals, rather than just coitus (which, for purposes of this
section, is defined as the physical act of “having sex”). The complex, intimate
relationship between a man and a woman is referred to as sexual intercourse in
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this section. Second, human sexuality is influenced by many factors, which can
be physical, emotional, social, and psychological. The content of this section will
deal with three questions that are commonly asked by athletes on the relationship
between physical exercise and human sexual behavior.

It is important to point out that most of the research to date has focused only on
the physiological aspects of the reproductive function, and to a lesser extent on
aspects related to coitus. Very few data are available on the relationship between
physical exercise and the emotional, social, and psychological aspects of sexual
intercourse.

Effect of exercise on male fertility

Controversies exist on whether endurance training alters the reproductive
physiology of men. The two aspects that have to be considered are the effects of
endurance training on the hormonal profile (hypothalamic—pituitary—gonadal axis),
and the effects of training on the semen profile. Some reports have indicated that
training of high intensity or in large volumes can, in some men, be associated with
a decrease in the concentration of circulating testosterone. The mechanism may
be peripheral (enhanced hepatic clearance or increased tissue utilization) or
central (a disturbance of the hypothalamic—pituitary—gonadal axis). Evidence for
the central mechanism shows that some endurance-trained men have a decreased
LH pulsatility, or a change in the pituitary response to hypothalamic stimulation
by exogenous hormones such as GnRH, thyrotropin-releasing hormone, or
corticotrophin-releasing hormone. However, the findings for decreased levels
of circulating testosterone concentration in male athletes are not consistent, and
the clinical significance is not known. In one study, excessive training in men was
associated with a reduction in bone mineral density. Although firm scientific
evidence is lacking, it has been suggested that this reduction may be related to
decreases in circulating testosterone.

Quantitative and qualitative analyses of the semen ejaculate in male athletes has
been conducted in four studies to date. In one of the best studies on the semen
of high-mileage runners (> 100 km per week), compared with matched sedentary
controls, the runner group showed a reduced total sperm count (but within normal
limits), reduced sperm motility, a slight reduction in spermatozoa with normal
morphology, a higher proportion of immature spermatozoa, and an increased
leukocyte count in the semen.

The only study to date that has related hormonal changes and alterations in the
semen ejaculate to reduced fertility capacity in highly trained male athletes is a
report on an artificial insemination program. It is observed that donors with a high
level of physical fitness have lower pregnancy rates compared with those with a
normal level of physical activity. Although the interaction between male infertility
and physical training requires further research, it appears that training of high
intensity or in excessive volumes may reduce male fertility. Practical advice to
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highly trained athletes who are prospective fathers would be to reduce their training
if there is a suggestion of male infertility.

Effect of exercise on female fertility

Female fertility can be influenced by factors that affect normal reproductive func-
tion. These factors fall into four broad categories — nutritional deprivation, physical
illness, psychological stress, and an excessive or rapid increase in the amount of
exercise. The common exercise-related changes in women are lack of ovulation
(an obvious effect on fertility), shortening of the luteal phase, and oligomenorrhea.

Provided athletes are mature and well nourished, exercise is not associated with
the development of amenorrhea. The proposed mechanism for the changes in
female athletes caused by excessive training is an increase in the hypothalamic
neurotransmitter corticotrophin-releasing hormone. Corticotrophin-releasing hor-
mone can be affected by many factors (i.e., the four categories of factors).

Increased corticotrophin-releasing hormone results in a downward regulation of
the pulsatile GnRH message to the pituitary hormones, LH, and FSH. Excessive
exercise may lead to anovulatory cycles and cause female infertility. However, it
is important to emphasize that other factors, such as emotional stress, nutrition,
and physical illness, which are often present in high-level athletes, must be
excluded first. Practical advice for the female athlete with possible infertility
caused by excessive exercise is to: (1) decrease exercise intensity by 10-20%; (2)
gain 1-2 kg weight; (3) monitor their basal body temperature for 3 months; and
(4) seek psychological counseling to deal with any excessive emotional stress.
Further investigations and the use of medication may be required, if ovulation has
not returned to normal within 3—4 months.

Regular exercise and sexuality

Regular physical exercise is an integral component of a healthy lifestyle. Regular
exercise is often a catalyst to other positive lifestyle elements, such as cessation of
smoking, healthy nutritional habits, weight loss, stress management, and positive
mood changes, including an improved self-image. Although not well studied, there
appears to be a positive correlation between physical fitness and some aspects of
human sexual activity. In a cross-sectional study, the sexual behavior of sedentary
middle-aged men was compared with that of physically active men (exercising
at moderate intensity for 3—4 hours per week). In that study, the physically active
men reported the following: more frequent coitus, more frequent orgasms, lower
prevalence of sexual abnormalities, and a higher percentage of satisfying orgasms.
The postulated mechanisms for improved sexual function in moderately active
males are less fatigue during coitus, improved cardiovascular function, possible
increase in circulating testosterone (moderate-intensity exercise), and enhanced
self-esteem.
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In women, regular exercise and a healthy lifestyle will probably have similar effects.
It has been shown that regular exercise enhances the self-esteem of women,
reduces symptoms of premenstrual tension, and decreases some of the peri-
menopausal symptoms. All these factors may improve female sexuality.

Sexual activity and athletic performance

A question commonly asked by athletes is whether coitus in the period immediately
before competition (< 24 hours) affects athletic performance. Coitus does not
result in excessive energy expenditure. It has been estimated that the total energy
expenditure during one act of coitus is equivalent to a 100-m sprint. This energy
expenditure will not adversely affect performance. However, two possible effects
of coitus on exercise performance must be considered: the emotional effects,
particularly if performed with an unfamiliar partner, and the sleep disturbance that
results may adversely affect performance. Indeed, more energy may be expended
in looking for a partner than during coitus!

Exercise and social drug use

Sports events are often associated with the use of alcohol and caffeine (in coffee,
tea, and some commercial drinks). These associations stem from advertisements
and sponsorships of major sports events, spectators and supporters who use these
substances when watching sports events at home or at the venue, and, to a lesser
extent, the use of these substances by athletes themselves. An intriguing question
is whether these common “social drugs” affect sports performance and the health
of the athlete. An ethical question is whether these drugs should be associated at
all with sport, which is an activity that portrays health and vitality.

Alcohol

Alcohol use is almost synonymous with celebrating a win or reflecting on a loss
in most sports circles. The question is whether this is good practice, or detrimental
to performance, or indeed makes no difference. Perhaps the first question to
answer is whether athletes do consume alcohol on a regular basis.

In studies from the United States, the reported use of alcohol in athletes attending
institutions of higher education is 88%. This is significantly higher that the reported
use of other social drugs such as caffeine (68%) and illegal drugs such as marijuana
(36%). However, in the serious athlete, the reported use of alcohol is much lower,
and there is considerable variability in alcohol use among different sports, as shown
in Table 8.6. It therefore appears that alcohol use in athletes is common in the
lower-level athlete, and consumption decreases as the level of performance
increases.

It can be postulated that athletes have learned that alcohol is detrimental to sports
performance, and therefore elite athletes avoid its use during training and com-
petition. There is considerable scientific evidence to support this postulate.
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Table 8.6 Reported use of alcohol
among athletes participating
in different sports

Sport Alcohol use
(% athletes)

Racket sports 12

Golf 9

Soccer 7

Rugby 5

Triathlon 2

Hockey 0

In a comprehensive analysis of scientific data, the American College of Sports
Medicine came to the following conclusions:

acute ingestion of alcohol has a deleterious effect on many psychomotor skills;
alcohol ingestion does not improve muscular work capacity, and may decrease
performance levels;

alcohol consumption can impair temperature regulation during prolonged
exercise in a cold environment; and

alcohol consumption does not improve physiologic measures of sports
performance, such as VO, max, respiratory variables, and cardiac parameters.

More recent studies have also shown that alcohol ingestion on the day before a
sports event can decrease sports performance, in particular endurance perform-
ance. It is also noteworthy that a large percentage of fatal accidents in recreational
sports activity, especially in aquatic sports, are related to excessive consumption
of alcohol.

Caffeine

Caffeine is reported as being the most widely used drug in the Western world and
possibly the world over. This means that it is also the most widely used social drug
among sports participants. It is well documented that caffeine ingestion within 48
hours before sports participation can improve a number of sport performances,
which include:

work performed during a 2-hour cycle ride;

running or cycling to exhaustion in laboratory studies;

cycling time to exhaustion in repeated short-duration, high-intensity rides; and
significant increases in maximal power output during a 6-second cycling bout
at high intensity.
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PRACTICAL CLINICAL POINT 32

Guidelines for athletes who wish to consume alcohol and
play high-level sport

Do not consume alcohol immediately before a sports event.

If alcohol is consumed within 24 hours before an event, make sure that
it is in moderation, and the body is rehydrated well before going to sleep.
Rehydrate first with a carbohydrate-containing drink after an event and
before consuming any alcohol.

Do not consume any alcohol before aquatic events.

However, a number of variables can influence the outcome of performance tests
when athletes consume caffeine. These include caffeine dose (mg/kg body weight),
nutritional status, previous caffeine use, and individual variation in metabolism of
caffeine (including urinary excretion).
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CHAPTER 9

YOUNG ATHLETES

Michelle Burke, Angela D. Smith,
and Keith J. Loud

INTRODUCTION

Adult males still comprise the majority of members of athletic teams, and it is this
population that has been the focus of most sports medicine research. Children
and adolescents demonstrate significant differences from the adult male, and so,
while most of the principles in the rest of this volume also apply to young athletes,
this chapter will emphasize issues specific to this group. Team physicians caring
for young athletes should be aware of differences, not only in injury patterns and
management, but also in training response, training safety, and therefore injury
prevention.

HEALTHY CHILDREN AND ADOLESCENTS

Injury patterns

Pre-pubertal children

Pre-pubertal children have more joint laxity and often more musculotendinous
flexibility than adolescents and adults. They rarely sustain musculotendinous
strains. However, Achilles and patellar tendon pain are common among jumping
athletes, and patellar tendon pain is seen in kicking athletes. It is now clear that
pre-pubertal children may tear ligaments, including the anterior cruciate ligament.
In the ankle and the elbow, however, the weakest link in this age group is more
frequently the growth plate rather than the ligament.

The physis (growth plate) can be three to five times weaker than adjacent con-
nective tissue structures, depending on the rate and phase of growth. Both Salter—
Harris types | and V physeal fractures can be difficult to recognize on plain X-rays,
and so a careful clinical examination is needed to rule out these diagnoses before
allowing return to play, and appropriate immobilization should be provided until
healing is complete. Remember to rule out the presence of a fracture, at least
clinically, before performing stress tests on an injured joint in a skeletally immature

@
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athlete. Also, acute avulsion fractures and chronic apophyseal traction injuries must
be considered in the differential diagnosis of joint complaints. For example, the
commonest cause of heel pain in 6-10-year-old athletes is calcaneal apophysitis.

Temporary or repetitive interruptions of normal circulation may involve the epi-
physis and cause bone collapse, leading to softening, deformity, or fragmentation
and loss of the overlying articular cartilage. Legg—Calve—Perthes disease involves
the proximal femoral epiphysis and typically causes groin or anteromedial thigh
pain. Kohler’s disease affects the tarsal navicular bone in the foot and may be
asymptomatic. Both of these conditions usually occur in the pre-pubertal age group
but may first be diagnosed during adolescence. Osteochondritis dissecans of the
femoral condyles of the knee, talar dome in the ankle, or humeral capitellum in
the elbow may heal with activity restriction — that is, allowing the young athlete
to do only those activities that cause no pain or swelling. Surgical intervention may
be necessary in adolescent athletes, those who do not heal with non-operative
care, or those whose lesions are partially or completely detached.

Fortunately, head and neck injuries occur relatively infrequently among pre-
pubertal children playing sports, with the exception of participants in cycling and
equestrian sports and contact sports such as American football and ice hockey.
The use of helmets for these sports has been shown to reduce the risk and severity
of head injury. However, adolescents seem more susceptible to the effects of
recurrent concussion, recovering more slowly than adults. The dreaded second-
impact syndrome has only been observed to occur in younger adolescent males.
For these reasons, any child or adolescent athlete who sustains a head injury
should not be allowed to return to competition that day and should be evaluated
by a clinician skilled in concussion management before returning to strenuous
activities.

All sport injury rates increase with age throughout childhood. Increasing sport
specialization at younger ages seems to be related to increased rate of injury, parti-
cularly overuse injury, among pre-pubertal athletes. Greater volume and intensity
of training appear to increase the risk of injury among all children and adolescents.

Adolescents

Adolescence is a time of rapid growth. Longitudinal growth occurs through the
articular cartilage, epiphysis, and primarily the physis. Long bones increase in width
by appositional growth of the shaft, and by physeal and appositional growth at
the apophyses (where muscles attach). Bony growth often outpaces muscle and
tendon lengthening during the adolescent growth spurt, rendering these regions
particularly vulnerable to injury.

Acute injuries to the apophyses are maximal in mid to late adolescence, as physeal
closure approaches. The mechanism of avulsion injury is most often a sudden
violent muscular contraction, often occurring when unexpected resistance is
encountered, such as with a blocked kick. The youth may have pre-existing pain
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Table 9.7 Sites of avulsion fractures and muscles involved

Anterior superior iliac spine Sartorius muscle

Anterior inferior iliac spine Rectus femoris muscle

Ischial tuberosity Hamstring muscle group

lliac crest Hip abductor muscle group; abdominal muscle,
lumbar muscles

Lesser trochanter lliopsoas tendon

Tibial tubercle Patellar tendon (patellar ligament)

Medial epicondyle Common flexor—pronator origin

in the region of the apophysis from repetitive or chronic injury before the avulsion
injury occurs. The most usual sites for avulsion fractures and muscles involved are
shown in Table 9.1. The muscles most frequently involved are those that cross
more than one joint.

Apophysitis is a repetitive traction injury of an apophysis associated with rapid
growth, tight tendons, and increased activity during the growth spurt. Any of the
apophyses in Table 9.1 may be involved. Some of these injuries are often well
known by their famous eponyms. Their locations are shown in Table 9.2. lliac
apophysitis may affect any portion of the iliac crest, even causing back pain. Treat-
ment includes determining and removing the cause of the injury (tight muscle,
biomechanical abnormality, incorrect technique, too much intensity or repetition
for the tissues to adapt), active rest, and appropriate rehabilitation.

In addition to traction injuries to apophyseal growth plates, repetitive stress may
also injure a growth plate that is responsible for longitudinal growth. The locations
where this type of injury is most often observed are in the upper extremity — the
distal radial physis in gymnasts and the proximal humeral physis in pitchers.
Treatment of these injuries focuses on removing the overload by decreasing the
frequency or intensity of the activities causing the injury. Occasionally, complete
rest from weight bearing on the hands (for the distal radius) or throwing (for the
proximal humerus) is necessary for the physis to heal.

Acute fractures of the physis and epiphysis are sometimes missed, being diagnosed
as sprains. Careful physical examination that shows tenderness of the injured bone

Table 9.2 Injuries and their locations

Sever’s disease Calcaneal tuberosity
Osgood-Schlatter’s Tibial tubercle
Sinding-Larsen—Johansson Inferior pole of the patella

“Little league elbow” Medial epicondyle of the humerus
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provides good evidence for fracture, even if the X-ray appears normal. Wrist sprains
are very unusual in adolescence, and so a significant wrist injury should be con-
sidered a fracture or dislocation until proven otherwise. Particularly in the situation
of a badly swollen knee, radiographic and clinical findings must be correlated, as
all Salter—Harris physeal fracture types may not be apparent on the acute injury
films, and immobilization may prevent displacement of the fracture fragments.

Always included in the differential diagnosis of an adolescent with knee, thigh, or
groin pain is acute or chronic slipped capital femoral epiphysis. The diagnosis is
usually suspected by the finding of decreased medial rotation of the affected hip
and pain with hip motion, especially rotation.

General guidelines for evaluation of musculoskeletal injuries in children and
adolescents:

1. Palpate the growth plates carefully; do no stress tests of the joint if you suspect
a fracture until you have plain X-rays of the suspicious area, or do the stress
test carefully, under fluoroscopic control.

2. Always obtain X-rays if there is bone tenderness; X-ray the joints proximal
and distal to the known injury — an unsuspected distal radius fracture may
accompany a supracondylar humerus fracture, for example.

(@) Perform a minimum of two orthogonal views on X-ray; additional oblique
or special views may be indicated, depending on the particular bone and
situation.

(b) Comparison views of the uninjured side can help clarify questions of
developmental variations and ossification centers.

Other considerations: pre-pubertal children

Pre-pubertal children have specific psychological, medical, and training needs.
Increasingly, pre-pubertal children participate in organized sports. Children who
participate in multiple different sports throughout the week and throughout the
year may have injury patterns that differ little from children participating in free
play. However, children who begin to specialize into one sport — or a few sports
— are at risk for increased incidence of injury without appropriate preparation.

Psychological issues

Children play. From the infant beginning to roll, to the toddler taking the first steps,
to the pre-school child learning to hop, skip, and jump, children derive pleasure
from physical activity. Children in this age group want more to have fun than to
win. Coaches need to understand this and need to allow for potential variations
in competitive drive among children. A sense of play should definitely be encour-
aged, and participation should be emphasized over competition.
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Starting sports

There are numerous guidelines about when and how children should begin
participating in sport and fitness activities. Unfortunately, evidence is lacking to
support most guidelines, which are often based on adult physical activity guidelines
that are designed to improve fitness parameters and decrease risk factors for
disease. There is no solid evidence to support the assumption that childhood
activity translates into improved childhood health, adult activity, or adult health
and fitness.

Musculoskeletal overuse injuries typically occur more frequently among children
who intensively train in one sport compared with those who participate in several
different activities. Surprisingly, though, one group found elite pre-pubertal athletes
to have a lower injury rate than their sub-elite counterparts, suggesting that the
former may be genetically endowed for such intensive training in their chosen
sports.

Based on available reports and expert opinions, it would seem prudent that pre-
pubertal children who choose to participate in organized sport activity should be
advised to engage in a variety of activities that they enjoy, and delay sport
specialization until adolescence. However, team physicians should recognize that
participants in sports such as gymnastics, diving, figure skating, and more recently
even soccer football generally specialize in their sports at very early ages in order
to learn the required skills. This is particularly true for girls, who usually must learn
to complete rotational maneuvers while they are small and lean. Even athletes in
these sports, however, have been shown to benefit from participation in other
activities, known as cross-training.

Training response: strength training effective

Numerous well-conducted scientific studies now indicate that strength training is
both effective and safe for pre-pubertal children. In fact, strength training may make
a critical difference in preventing injuries for those children who specialize in a
few sports at an early age. Strength training is particularly important for the child
who has previously been relatively inactive and then begins intensive sport activity.
All of the musculoskeletal structures — the bones, musculotendinous units, and
ligaments — must gradually and progressively adapt by gaining strength and size
to support the demands that the sport may be placing on the child’s body.

Most of the principles of strength training for children are the same as those for
adults. The training must be gradual, and the resistance and intensity must increase
slowly and progressively. The percentage increase of strength is similar in both
children and adults who do a similar strength-training program. The strength
increase appears to be mainly from neuromuscular adaptation, as little hypertrophy
of the skeletal muscles occurs. There is no evidence of gender difference in
trainability of pre-pubertal children.
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A strength-training program for children must be well supervised. All equipment
must be adjusted to be appropriate for the child’s size. Exercises may be done
with either appropriately adjusted equipment, with free weights, or with equip-
ment such as a stability ball. If free weights are used, the amount of weight should
be relatively small, the child’s form and technique must be correct, and close
supervision is extremely important. The increases in resistance should be gradual
and progressive. The resistance used should always be submaximal, typically
60-80% of the maximum that the child can lift. The child must be able to complete
each repetition of the exercise with good form. Practically speaking, the child
should always use a resistance that allows the young athlete to complete 8-15
repetitions with correct technique. Competitive weight lifting and comparison of
maximum resistance should be prohibited. We encourage exercises that use the
child’s own weight, such as push-ups and pull-ups, or exercises using large balls
to balance on, which add increasing challenge related to the factor of instability.

It is best if the strength-training program is part of a periodized conditioning pro-
gram. The components of the conditioning program should vary in intensity and
in volume during the year. Other components of the conditioning program typi-
cally include flexibility and aerobic and anaerobic training. Flexibility exercises
should be incorporated into the strength training so that the muscles are maintained
at an adequate length as they gain in strength. It appears likely that many children’s
sport injuries are prevented by a program that combines strength training with
flexibility increases. In addition to improved performance, the goals of a youth
strength-training program are learning safe strength-training principles, improving
balance and proprioception, and injury reduction.

STRENGTH TRAINING FOR YOUTH

Strength training can be effective and safe and help prevent injuries.

It is mainly for neuromuscular adaptation.

Its goals are: learn safe strength-training principles, improve balance and
proprioception, decrease injury incidence/severity.

For safety, it must be well supervised, and equipment must be adjusted
for size; there should be a gradual, progressive increase in submaximal
resistance.

Training safety: exercise in heat or cold

Those who coach or provide medical care for pre-pubertal children who exercise
in hot or cold conditions must always be aware of how the child’s response to
these environments differs from that of the adult. Children have greater skin surface
area relative to total body mass than adults. Therefore, they are more susceptible
to developing hypothermia and hyperthermia. Young children also do not have
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fully mature thermal regulatory mechanisms and may have sweat rate and sweat
composition that are different from adults’, depending on age and acclimatization.
In addition, children often do not feel thirsty until they are quite dehydrated, and
so that they must be encouraged to drink during exercise long before they begin
to feel thirsty.

Furthermore, children generate more thermal energy, proportionally, than adults,
owing to relative physiologic and metabolic inefficiency. Children have higher heart
and respiratory rates than adults do and therefore use more oxygen per kilogram
of body weight at baseline. Stroke volume does not increase greatly, and so
increases in cardiac output with endurance exercise require increases in heart rate,
with concomitant metabolic expenditure. Their gait mechanics are not yet mature,
and so they typically expend more energy for a given amount of running work
compared with adults.

The best treatment for illness or injury caused by, or exacerbated by, heat is
prevention. Adequate hydration is key. An average 40-kg child should have
approximately 150 ml of fluid to drink every 20-30 minutes while exercising. This
translates to roughly 7.5 ml/kg/hour of exercise; a more easily remembered
conversion is to replace every kilogram of weight loss during an exercise session
with 1| of fluid. For exercise in heat for less than 1 hour, plain water is generally
the replacement liquid of choice. For exercise lasting longer than 1 hour, sports
drinks that are flavored and contain electrolytes and carbohydrates are
recommended, as their palatable taste may prompt greater intake.

Those who care for young athletes should also be prepared to modify, postpone,
or even cancel events when environmental conditions make them unsafe. Extra
care with regard to exercise in hot conditions must be taken for children with cystic
fibrosis, diabetes, developmental delay, chronic renal disease, or other conditions
that impair thermoregulation, thirst, or fluid balance.

Injury prevention

Potential mechanisms for reducing injuries in all youth sports include improving
the sports environment. A properly conducted pre-participation medical evalu-
ation identifies medical conditions that place the young athlete at risk and
musculoskeletal conditions that should be rehabilitated before competing. The four
principles of musculoskeletal rehabilitation are: (1) limit additional injury and
control pain and swelling; (2) regain normal range of motion; (3) progressively
increase strength, flexibility, proprioception, and aerobic and anaerobic endurance
to the levels needed for the sport; and (4) resume sport-specific skills and return
to activity symptom-free.

The team physician should make appropriate recommendations to the coach
concerning good practice conditions. At sporting events, the team physician’s
roles include ensuring adequate hydration of the players and proper coaching,
officiating, equipment, and field/surface playing conditions. The team physician
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PRE-PUBERTAL CHILDREN

Variety of enjoyable activities.

Delay sport specialization, in general.

Compared with adults, greater risk of hypo/hyperthermia — be attentive,
hydrate.

Decreased muscle flexibility/bone strength from rapid growth — decrease
training during rapid growth spurts.

should be aware of potentially risky situations on the field and observe all play
carefully. Of course, the physician provides medical care as needed.

Other considerations: adolescents

Many of the preceding principles continue to apply to younger adolescents,
whereas older adolescents may be considered similar to the adults described
throughout this text. The difficulty in caring for adolescents is that the process of
moving from early to late adolescence is marked by substantial changes, not all
of which proceed at consistent, predictable, or uniform rates.

Growth and development

Growth and development occur rapidly during adolescence. Ongoing body
changes alter balance, height-to-strength ratio, and flexibility. Whereas boys gain
muscle mass owing to the effects of testosterone, girls gain both lean body mass
and fat. As a consequence, from age 6 to age 18, the “average” (50th percentile
for age) boy increases his body fat percentage from 10 to 13%, whereas the average
girl increases from 14 to 25%. Athletic adolescent males are typically 5-12% body
fat, whereas most athletic adolescent females are 16-18%.

As the onset and pace of pubertal development is variable, there may be wide
differences in maturity level within a team, or on opposing teams. Smaller athletes
would seem to be at greater risk of injury compared with larger, more muscular
opponents. Although some competitive groups are determined by weight class,
others are simply determined by chronologic age. Matching participants of similar
developmental stage rather than chronologic age in order to minimize competitive
disparity and reduce risk of injury is intuitively attractive. Physiologic parameters
such as Tanner classification, bone age, and grip strength have been proposed,
but are impractical for the vast majority of organized athletic endeavors. Weight
classification is used in some settings but has a major limitation in that differences
in body composition (e.g., muscle vs. fat) render weight a poor measure of athletic
fitness. Additionally, the pressure to “make weight” has potential adverse health
outcomes of its own. Finally, there is no evidence at this time to substantiate the
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hypothesis that having athletes of differing developmental or physiological levels
directly competing against one another increases risk of injury.

These issues pose a challenge to the physician advising adolescent athletes
concerning the type and level of sport to play during a particular stage of
development. Unfortunately, there is little evidence that can be used to guide the
level and intensity of participation. The higher injury rates reported among athletes
with more mature Tanner stages may reflect their greater body masses colliding,
greater speed, or greater intensity of effort. Another factor is the decreased
strength of growth plates and adjacent metaphyseal bone at periods of fastest
growth (near peak height velocity).

Some coaches of athletes and dancers, particularly in Eastern Europe, have long
monitored athletes’ growth rates and decreased intensity of training during growth
spurts in an effort to decrease injury incidence. As the bones rapidly grow
longitudinally, the lengthening of adjacent muscles may lag behind. This
“mismatch” is particularly notable with muscles that cross two joints, such as the
hamstrings, rectus femoris, iliotibial band, and gastrocnemius. Among growing
children and adolescents, flexibility deficits have been associated with calcaneal
apophysitis and anterior knee overuse syndromes. Among older adolescents, poor
muscle flexibility is often described in those most prone to developing injury.

Weight control

In adolescence, weight control often becomes a significant issue for athletes. For
boys, this is mainly a concern for those involved in the sports of wrestling and
rowing — those in which the competitive class is determined by weight. For girls,
there are also concerns in sports that have classes determined by weight. However,
among adolescent girls, there are also major concerns with regard to aesthetics.
Being thin is a particular concern for girls involved in sports that are judged
subjectively, such as gymnastics, diving, and figure skating. In addition, many
coaches stress the necessity of low weight in other sports, such as running and
swimming, even though there is evidence that weight (within a typical range for
athletes) makes no difference at all in performance of these sports. Attempting to
control weight does, however, increase the risk of dehydration, heat illness, dis-
ordered eating, malnutrition, frank eating disorders, and, in females, amenorrhea,
contributing to impaired bone-mass acquisition. Many of the above abnormalities
can directly or indirectly lead to severe morbidity or even mortality.

Psychological issues

Just as they grow physically and physiologically, adolescents must progress through
several psychological stages. The major developmental tasks of adolescence
are separation from their parents and families and individuation into adults.
Peer relationships and opinions gain primacy in middle adolescence. Advice
from friends, inaccurate as it may be, can be given greater credence than that
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from coaches, teachers, parents, or even physicians! Because participation in the
peer group holds so much importance, the adolescent who does not make a team
or is removed owing to injury can consider the loss as emotionally difficult as
parental separation or divorce, or a friend’s death.

Early-maturing athletes may have experienced early success, but then become
“average,” as their peers mature physically and catch up in size and strength,
causing additional psychological stress. On the positive side, adolescents also
increasingly develop the ability for more complex and abstract thought, which may
facilitate interactions with the team physician and improve the description,
diagnosis, and rehabilitation of injuries. Participation in sports helps to foster a
positive self-image in the developing adolescent.

Substance abuse

In the process of separation and individuation, adolescents may experiment with
substances such as tobacco, alcohol, and drugs. Fortunately, there is evidence
that participation in sports reduces these risk-taking behaviors. Young athletes may
use anabolic steroids for performance enhancement or for cosmetic reasons. They
may also use nutritional supplements as ergogenic aids. These are, as a rule, poorly
controlled and poorly studied, particularly with regard to adolescents. Nonetheless,
many supplements are legal, non-prescription, and readily available. The majority
of adolescent users of anabolic steroids and nutritional supplements have cited
non-medical sources of information, taken higher than recommended dosages,
and continued to use the substance despite experiencing adverse effects. Perhaps
the best general advice regarding these substances is that they are often ineffective,
unsafe, impure, expensive, and banned by sports organizations.

ADOLESCENTS

Pubertal development is variable; growth is rapid; body composition
changes.

There is decreased strength of bone at physis (growth plate) and
metaphysis near peak height velocity; fractures are more likely than
sprains at wrist and ankle.

Muscles may be “short” relative to adjacent long bones, especially
muscles that cross two joints.

Weight control is an issue for sport weight class, or for psychosocial
reasons.

There can be substance experimentation/abuse.
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Gender differences during development

Motor skill acquisition

In general, there are very few gender differences in the pre-pubertal age range.
The vast majority of motor skills are acquired at similar ages for both girls and
boys. However, there is a definite difference in throwing ability before approx-
imately 6 years of age, the boys becoming more accomplished in this skill than
the girls at an earlier age.

Skeletal muscle strength

There is no significant difference in absolute strength gain between pre-pubertal
boys and girls. Both groups have a linear increase in strength from about 5 years
of age through puberty. Following puberty, there is a marked acceleration in the
strength gain of boys, coinciding with the boys” serum testosterone increase. This
accelerated strength gain in boys continues through their late teens. There are no
similar post-pubertal strength gains among girls.

Similar differences are found when comparing the ratio of strength to body mass.
For both boys and girls aged 5-17 years, absolute strength increases more than
the ratio of strength to body mass. However, by the time the girls are approximately
10-12 years old, the decreased upper body strength relative to body mass ratio
for the girls begins to be apparent. By age 14 years, boys are noticeably stronger
than girls.

There is only a small difference in muscle cross-sectional area until about age 14
years. However, by age 20 years, the difference in muscle cross-sectional area
between young men and young women is 30-50%. The differences are greater
in the upper than the lower extremities. By adulthood, women have 50% of the
upper-body muscle size, but about 65-70% of the lower-extremity muscle size of
men. Similar differences are seen in the size of the bones as well.

Strength training

By adolescence, the gender differences in strength-training results are greater than
they were in the pre-pubertal years. After puberty, adolescent boys doing strength-
training exercises increase their upper body strength more than adolescent girls
do with the same training. With similar strength training, the boys’ lower body
strength also increases to a greater extent than the girls’, but the gender difference
is less than it is for upper body strength.

Aerobic capacity

Before 12 years of age, the VO,max of girls is typically 85-90% that of boys. This
is consistent with the 70% lower relative muscle mass of girls compared with boys.
By late adolescence, the VO,max of girls is only 70% that of boys. However, if
the VO,max of boys versus girls is compared relative to their fat-free mass, the
VO,max of the boys is only 10% greater than the girls.
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For submaximal work, at the same absolute workload, pre-adolescent and
adolescent girls have higher heart rates than boys. In childhood, the more rapid
heart rate is probably best explained by the relatively lower stroke volume of girls.

Endurance activities

In endurance running, the gender difference widens between the performance of
11-12 year olds and that of 15-16 year olds. This finding is probably related to
the development of greater muscle mass in boys. The muscle mass in turn affects
both running economy and endurance, or maximal aerobic power.

Implications

Although pre-pubertal boys and girls can likely participate together in sports safely,
it seems reasonable — in light of these physiologic differences found during
adolescence — to recommend generally that adolescent boys and girls do not
compete head-to-head in contact or collision sports. Nonetheless, there are no
data available from mixed-gender sports to support this concern for possibly
increased rates of injury. In fact, there may be situations where the perceived or
theoretical risks are minimal, particularly if a physically strong, mature, well-
conditioned, skilled female athlete wants to play a contact sport for which only
male teams are fielded.

GENDER DIFFERENCES

Pre-pubertal: almost all motor skills are acquired at similar ages; there is
a similar linear increase in muscle strength; VO,max of girls is 85-90%
that of boys; there is no difference in endurance running performance.
Adolescence: there is a marked acceleration of boys’ strength gain, and
gender differences are greatest for upper extremities; boys gain more
strength than girls with the same training program; girls’ VO,max
decreases to 70% that of boys, but is still approximately 90% when
expressed relative to fat-free mass; there is greater gender difference in
endurance running performance by mid teens.

ADDITIONAL CONSIDERATIONS FOR FEMALE ADOLESCENTS
AND YOUNG ADULTS

Injury patterns

Young adult women (and skeletally mature female adolescents more than two years
after menarche) in organized athletics sustain the same injuries as their male
counterparts and are injured at the same overall rate. However, the distribution
of injuries among young women is different, owing in part to their differing
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participation rates. For example, American-rules football is largely unavailable to
women, rendering them less susceptible to traumatic shoulder dislocations. In other
cases, such as the anterior cruciate ligament (ACL) discussed later, intrinsic
differences cause a much higher risk of injury for female adolescents and young
adults engaged in similar activities, such as basketball and soccer. Thus, we use
the term “injury patterns” to describe the differences between males and females.

Musculoskeletal differences

There are numerous musculoskeletal differences between men and women that
may contribute to differing injury patterns, including decreased strength among
women (discussed later). The woman’s wider pelvis and greater knee valgus
angulation make patellofemoral dysfunction more common among female than
male athletes. The vast majority of cases of patellofemoral dysfunction in athletes
can be controlled with exercise programs that stretch any tight muscles that cross
the knee joint and strengthen the quadriceps (particularly the vastusmedialis),
combined with correction of other biomechanical problems — such as excessive
pronation — when present.

In general, women have greater ligamentous laxity than men, which may lead to
knee pain and shoulder instability. Most symptoms related to joint laxity can be
controlled by increasing the strength and endurance of the muscles that control
the painful, lax joint.

There is a markedly increased incidence of ACL injury among women compared
with men, particularly for non-contact mechanisms. The causes of this are not yet
fully determined, but are hypothesized to include body composition, the effects
of estrogen, anatomic considerations including the thickness of the ACL and the
width of the intercondylar notch, as well as conditioning and technique differences.
For example, recent research showed that male basketball players typically land
with greater knee flexion than female players, with their weight on the balls of
their feet and the center of gravity well balanced over the toes. In contrast, the
female basketball players studied more often land with straighter knees, more flat
footed, with the center of gravity behind the toes. The quadriceps force pulling
the tibia forward was therefore greater. Other research has indicated relative
weakness of the hamstrings among women athletes compared with men, so that
the effective quadriceps/hamstrings force mismatch was sufficient to cause ACL
tears in this situation. Early studies of female basketball players who have altered
their technique to include greater knee flexion, softer jump landings, and keeping
their weight over their toes with sudden decelerations and with jump landings
have found a decrease in their incidence of ACL injury.

Women have higher incidence of scoliosis, but symptoms should limit sports
participation very rarely. Young athletes undergoing brace treatment for scoliosis
may have specific limitations on sport participations, but generally there are none,
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and many athletes are allowed to train and compete a few hours per day without
the brace.

Other issues

Cultural issues

For a young adult woman, sports opportunities vary markedly depending on her
region and her culture. Some cultures require women to wear appropriate garb
that covers much of the body and interferes with peripheral vision. Dissipation of
heat may become a problem with the greater amount of clothing in these
situations. As the team physician makes advance plans for medical treatment in
such a cultural situation, an appropriate treatment venue and an appropriate
provider, often female, are usually required.

Performance differences

Among women, like men, running performance is closely related to maximal
aerobic power. The slower running times reported for elite female athletes are
mainly attributed to their lower VO,max. The gender differences in VO, max are
probably mainly related to body composition and to hemoglobin concentration.
Typically, no difference in VO,max is found between similarly trained men and
women when VO,max is expressed relative to fat-free mass. In addition, iron
deficiency is common among women because of iron loss during menses. This
further decreases the oxygen-carrying capacity of the blood and decreases
performance.

Training response: strength and endurance training

As mentioned above, by age 20 years, the difference in muscle cross-sectional
area between young men and young women is 30-50%, with differences greater
in the upper than the lower extremities. However, men and women have little
difference in response to strength training, if the parameters examined are relative
increase in strength and muscle size. Women can show muscle hypertrophy with
strength training, although the maximum hypertrophy is typically less than that for
men, without the use of exogenous anabolic steroids. Nonetheless, some studies
have shown that the amount of training-induced muscle hypertrophy is similar
among men and women who are involved in similar training regimens. It is not
yet known if there are gender differences in the optimal training intensity or optimal
training frequency for strength training. With regard to endurance training, the
trainability of women has been found to be equal to that of men.

Menstrual cycle

Although there have been many studies of athletic performance throughout the
menstrual cycle, no change in aerobic capacity has been found related to the
menstrual phase. Although study findings vary, the best-controlled studies seem
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to indicate that there is also no change in anaerobic capacity with regard to
the menstrual phase. There is also no consistent evidence that menstrual
phase significantly affects athletic performance or injury occurrence, so there is
no rationale to restrict a woman'’s sport participation at any phase of the menstrual
cycle.

Disordered eating and the female athlete triad

Although amenorrhea associated with athletic participation has been appreciated
for decades, greater attention was focused on its connections with disordered
eating and osteoporosis by the American College of Sports Medicine in describing
the “female athlete triad” in 1992. More recently (2007), the triad has been refined
to describe the interrelationships between energy availability, menstrual cycle, and
bone mineral density, emphasizing that the spectrum can be either beneficial or
deleterious. The concern for menstrual irregularity is that it is thought by many to
be related to inadequate nutrition relative to the energy that the athlete is expend-
ing, causing a significant negative energy balance. With prolonged decreased
estrogen exposure, impaired bone mineral density may follow.

No study has shown a direct relationship between athletic performance and being
overweight. In fact, several studies have shown that there is no such relationship.
However, aesthetic issues are often paramount for the athlete, judge, and coach
involved. It is clear that severe dieting can decrease performance and can especially
affect aerobic capacity. Impaired bone mineral density may lead to stress fractures
that severely limit training. The bone loss may be permanent. Finally, although
menstrual irregularity by itself does not affect thermoregulation, those with anorexia
nervosa do typically have abnormal thermoregulation.

Overall, the benefits of sport for women far outweigh the risks of the triad. In fact,
athletes such as gymnasts and figure skaters, even when having irregular menstrual
cycles, have been found to have greater bone mass in the bones that are impact-
loaded than sedentary controls, or even other athletes such as runners and swim-
mers. Amenorrheic and eumenorrheic gymnasts have stronger upper-extremity
bones than controls or other athletes, and figure skaters have stronger lower-
extremity bones and pelvis, even skaters not menstruating regularly.

Other nutritional differences

Women who restrict their caloric intake often have inadequate intake of pro-
tein, vitamins, and minerals. They may require supplementation, particularly of
B vitamins, folate, and iron. They should be encouraged to eat breakfast and
consume snacks throughout the day, in order better to balance their energy
intake and output on an hourly basis throughout the day. Female athletes
who eat throughout the day between exercise bouts have been shown, in small
studies, to have improved performance, increased lean body mass, and decreased
body fat.
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In an interesting nutritional difference between men and women, the benefits of
a high carbohydrate diet and carbohydrate loading seem to be less pronounced
among trained female endurance athletes than among males. This finding is
probably related to the lower daily energy intake for the female athletes.

Training safety: thermoregulation

There appear to be significant differences in thermoregulation between men and
women. First, women have cyclical changes in core body temperature. During
the luteal phase of the menstrual cycle, core body temperature at rest increases
by 0.3-0.6°C. Heart rate and rating of perceived exertion are also higher during
prolonged exercise during the luteal phase.

Compared with men, women have a larger ratio of skin surface area to body mass.
The increased body fat of women adversely affects their response to heat, but it
is advantageous in cold environments. In equal heat, women’s core body
temperature increases more than men’s, both at rest and with exercise. Women
sweat less, and they have a higher sweating threshold. However, among women
and men of similar aerobic capacity, these previous two differences are not
apparent. Women are at a disadvantage when exercising in dry heat, compared
with men. However, they are at less of a disadvantage when exercising in humid
heat, as continued sweating in humid exposure has a greater likelihood of leading
to dehydration.

Training safety: pregnancy

A great deal of work has been done in the last decade with regard to physical
activity and sport participation during pregnancy. It now appears that regular
exercise during pregnancy actually enhances maternal fitness, without apparent
risk to either the mother or the fetus. Regular exercise before and during pregnancy
seems to enhance a pregnant woman'’s physiologic reserve. Premature labor
occurs with equal frequency in women who do and do not exercise.

Special attention needs to be paid to certain safety principles during exercise in
pregnancy. In particular, the pregnant woman needs to pay special attention to
appropriate nutrition, hydration, and rest. It is recommended that exercise bouts
not occur until at least 3 hours after eating, and that the exercise be followed with
a snack. As a reflection of hydration status, weight loss during a single exercise
session should be no more than 1 kg.

The pregnant woman should avoid exercising in extremely hot and humid environ-
ments. She should avoid high-intensity activities that may lead to hyperthermia,
which is a significant concern during pregnancy. First-trimester hyperthermia may
be teratogenic. Clapp suggests that a pregnant woman'’s rectal temperature should
not rise by more than 1.5-1.8°C and should not exceed 38.7°C on a regular basis
or for a prolonged period of time. According to him, the commonly accepted
teratogenic level is 39.2°C. Exercising in water may help thermoregulation by
dissipating heat.
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During pregnancy, a woman who is participating in sports or an exercise program
should modify her training program if she has musculoskeletal discomfort or other
uncomfortable symptoms. She should also consider modifying or avoiding exercise
with risk of blunt abdominal trauma. She should avoid activities done at high
altitude (such as mountain climbing) or in deep water (such as scuba diving).
Additional modifications are indicated in the situation of multiple fetuses, bleeding,
poor fetal growth, or evidence of premature change in the cervix.

Finally, the exercising pregnant woman should monitor her training intensity
carefully. She may do this by monitoring her rating of perceived exertion. In
addition, fatigue or poor performance may indicate that she is overtraining.

Other gynecologic issues

Team physicians caring for women athletes must consider gynecologic concerns
such as ovarian cysts, endometriosis, and more urgent problems such as pelvic
inflammatory disease and ectopic pregnancy in their differential diagnosis of pelvic,
hip, and low-back pain. Days of persistent nausea may be caused by pregnancy
rather than representing post-concussive symptoms or labyrinthitis, and so
pregnancy should always be in the diffential diagnosis of persistent nausea of the
female athlete. Also, the differential diagnosis of amenorrhea in an athlete of course
includes pregnancy.

WOMEN: YOUNG ADULT

There are wide cultural variations in sport activities available to women;
required clothing may increase hyperthermia risk or interfere with vision.
Compared with young adult men, young adult women have lower
VO, max (but the same VO,max when expressed relative to fat-free mass);
decreased muscle cross-sectional area and bone size; and less muscle
hypertrophy with strength training (unless using exogenous anabolic
steroids).

Compared with young adult men, young adult women show no
difference in strength trainability expressed as percentage increase.
There are special musculoskeletal considerations: more frequent
patellofemoral dysfunction, anterior cruciate ligament rupture, and idio-
pathic scoliosis.

There are special medical considerations: iron deficiency, disordered
eating/female athlete triad, and thermoregulation differences.
Pregnancy: regular exercise is good for mother and fetus. The mother
should eat, rest, and hydrate appropriately; avoid exercise in heat/
humidity, especially exercise of high intensity; and monitor intensity
carefully.
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Breast protection

Many women with larger breasts prefer to wear a sports bra that decreases breast
motion, for comfort. For some contact and collision sports, breast padding is
appropriate to prevent trauma to the breast. The nipple is the most prominent
and most commonly injured part of the breast. For both women and men,
repetitive vigorous abrasion or cold-induced thermal injury of the nipple may lead
to bloody discharge and concern about possible breast cancer. Prophylactic
measures include application of plastic bandages and/or petroleum jelly over the
nipples before exercise.

YOUNG ATHLETES WITH SPECIAL CHALLENGES

General principles

Physically and cognitively challenged youth find many benefits from participating
in sports. However, they may have certain risks that are not commonly found
among able-bodied populations. Each individual must weigh the risks and benefits
of participation. The vast majority of physically challenged youth can participate
in at least some type of sport. Special Olympics Games have been developed for
athletes with mental disabilities. The Paralympics provides athletic venues for those
who have limited or no use of their lower extremities.

Medical challenges

Specific medical challenges are discussed in previous chapters. These include
exercise-induced bronchospasm, diabetes mellitus, and seizure disorders. For those
with hemophilia, in addition to medical management, injury prevention is
important. The team physician can emphasize the importance of good muscle
strength to provide better control about a joint, the use of appropriate protective
equipment, and avoidance of contact and collision sports.

Obese youth may have altered response to heat, feeling less cold when exercising
in cold environments, but overheating when exercising in warm environments. In
addition, they may need to pay greater attention to pre-participation conditioning.

Athletes with cystic fibrosis can have surprising exercise endurance, and affected
athletes have actually completed marathon runs. Most studies have shown that
exercise tolerance and peak oxygen consumption VO, increase in regularly
exercising patients. In addition, exercising cystic fibrosis patients have decreased
dyspnea.

Athletes with congenital heart disease should tailor their activities to their
cardiopulmonary abilities as advised by their cardiologists. The American College
of Cardiology has devised and published detailed guidelines on cardiovascular
disease and athletic participation (Bethesda Guidelines). The American Academy
of Pediatrics Council on Sports Medicine and Fitness has similarly published
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guidelines for participation in sports by children and adolescents with systemic
hypertension and an extensive list of medical conditions (see page 24).

Neuromuscular disabilities

Progressive

People with progressive neuromuscular disorders such as Duchenne muscular
dystrophy may find that participation in sports improves their self-image. There is
some evidence that physical activity such as weight lifting prolongs maintenance
of muscle strength. Athletes with mild, progressive neuromuscular disorders, such
as some forms of Charcot-Marie-Tooth disease, may be able to participate even
in running sports using only an ankle—foot orthosis.

Non-progressive

Individuals with non-progressive neuromuscular disorders, such as cerebral palsy,
may have intellectual as well as physical disabilities. Those with the diagnosis
of cerebral palsy may have a very wide range of abilities, from nearly normal to
profoundly involved. It is important that the training be adjusted to the level of
the individual’s ability.

Other non-progressive neuromuscular disorders include spina bifida and spinal
cord injury. Here, also, the athlete’s ability is related to the functional level and
whether the intellect is impaired. Athletes with distal involvement, such as those
with sacral-level spina bifida, may participate in a regular sports program using
only ankle—foot orthoses. Wheelchair sports are excellent for lower-level quadri-
plegics and for paraplegics. They may also participate in many sports on ice and
snow.

Amputees

Athletes with lower-extremity amputations often put forth remarkable perform-
ances. Champion athletes range from a world champion figure skater who had a
partial foot amputation to ultra-distance runners with high above-knee amputa-
tions. Modern prostheses may be highly engineered for sophisticated mobility and
shock absorption. Indeed, the most recently developed lower-extremity pros-
theses may outperform the human leg, causing some controversy. Upper-extremity
amputees may also participate in sports that require upper-extremity use, with
appropriate prosthetic devices.

Down syndrome

Down syndrome (trisomy 21) patients often find great joy in sports participation.
They should be checked for cervical spine stability, particularly if they choose
to participate in sports where contact or collision occurs. Although recurrent
patellar dislocation is not uncommon in Down syndrome, it rarely interferes with
the athlete’s ability to participate in sports. Evaluation guidelines for athletic
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participation with Down syndrome have also been published by the American
Academy of Pediatrics (see page 24).

SUMMARY

Sports and exercise are beneficial for virtually all populations. The physical,
mental, and sociological benefits are all significant. However, physicians caring
for the athletes described in this chapter need to be aware of their special needs
and must be prepared to provide appropriate care.
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CHAPTER 10

SPORTS MEDICINE AND PHYSICAL
CHALLENGE

Peter Van de Vliet, Pia Pit-Grosheide, and Oriol
Martinez Ferrer

INTRODUCTION

Although sport has value in everyone’s life, it is even more important in the life
of a person with a disability. This is because of the rehabilitative influence sport
can have, not only rehabilitating the physical body, but also rehabilitating people
with a disability into society. Furthermore, sport teaches independence.

Although sport for people with a physical disability is of all times, it was more or
less systematically introduced after World War 1l to assist the medical and
psychological needs of the large number of injured ex-servicemen, -women, and
civilians. In the search for new methods to minimize the consequences of their
immobility, it provided a new and great possibility for reviving the idea of sport
as a means of treatment and rehabilitation. As a result, nowadays, people with a
disability participate in high-performance, as well as competitive and recreational,
sport across the world, and sports and physical activity also found their way into
rehabilitation. The impact of such programs in early phases of rehabilitation are
well documented in the literature, including higher employment rates, increased
psychological stability and life satisfaction, reduced medical aftercare, and
increased independent living. Sport programs and opportunities worldwide have
increased in scope and number, and sport has become a viable option for
individuals with a disability.

Sports medicine has evolved in similar fashion. Although commonly established
for many years, it is only since the early twenty-first century that sports medicine
has emerged as a distinct entity in disability sport. This went hand in hand with
the increased sport participation of individuals with a disability and the increased
professionalism in disability sport. Despite the growing awareness, there remains
a relative paucity of published research on sports medicine specifically for this

athletic population.
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YOUR AUDIENCE: IMPAIRMENT GROUPS

Disabled athletes can be categorized in different groups, each requiring a particular
approach with regard to medical care: athletes with loss of limb or limb deficiency
(e.g. amputation); athletes with loss of muscle power (e.g., spinal cord injury, post-
poliomyelitis, spina bifida); athletes with coordination problems (e.g., hypertonia,
ataxia, or athetosis as clinically manifested in, e.g., cerebral palsy (CP)); athletes
with visual impairment; athletes with auditive impairment; athletes with intellectual
impairment; and athletes with loss of body function of the cardiovascular, haemato-
logical, immunological, or respiratory system.

This chapter limits itself to describing sports medicine applications for athletes with
physical impairments (loss of limb, limb deficiency, loss of muscle power, coordin-
ation problems).

Athletes with loss of limb or limb deficiency either suffer from congenital dis-
orders, acquired amputations, or limb deformity. Common causes are traumatic
or disease-related (bone cancer, bone infection, diabetes). Occasionally, amputee
athletes experience phantom sensation, painful cramping feelings, and hyper-
sensitivity. Amputee athletes may compete with or without orthotic or prosthetic
devices, depending on the sport in which they participate. The use of such assistive
devices brings an additional component of medical care, e.g., soft-tissue problems
and skin breakdown (see below).

The group of athletes with loss of muscle power typically includes: spinal cord
injury, spina bifida, and post-polio paralysis. Spinal cord injury is an acquired
condition involving the motor, sensory, and autonomic nervous systems and due
to spinal (bone) fracture or infection. The neurological level of injury corresponds
with the lowest level of the spinal cord that exhibits intact motor and sensory func-
tion. Associated conditions can include spasms and spasticity, urinary tract infec-
tions, thermoregulation disorders, skin breakdown, pressure sores and decubitus
ulcers, autonomic hyperreflexia, osteoporosis and heterotopic ossification, and
joint contractures. Athletes with spina bifida or myelomeningocele experience
muscle weakness, sensory loss, and bowel and bladder dysfunction similar to the
issues experienced with a spinal cord injury. Particular attention should be given
to orthopedic complications of the spine and legs and the enhanced risk of devel-
opment of hydrocephalus. Poliomyelitis is an infectious impairment caused by a
virus that destroys motor nerve cells and causes permanent muscle weakness and
paralysis. Unlike with spinal cord injury and spina bifida, post-polio paralysis results
in problems with movement but not with sensation or autonomic nervous system
function. Depending on the extent of the paralysis, the athlete may experience
joint contractures and osteoporosis. Asymmetrical muscle function often results in
the development of muscle tightness and restriction around limb joints, and spine
curvatures.
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The group of athletes with coordination problems includes a wide range vulnerable
to problems with control of voluntary movement or coordination. CP, as an
example, usually results from a complication in the pre-, peri- or postnatal period
that leads to an injury to the areas of the brain that control movement, speech,
muscle tone, and coordination. Associated conditions often include seizures and
perceptual, speech, and swallowing disorders.

SPORTS INJURIES AND ILLNESSES

With participation in sport comes an associated risk of injury. Despite the grow-
ing awareness and popularity of disability sport, there continues to be a relative
paucity of understanding of the injury patterns and risk factors for injury among
these athletes. Although athletes with physical disabilities can experience the
same spectrum of medical conditions as athletes without disabilities, furthering
understanding through longitudinal and systematic investigation of injuries and
illnesses in elite athletes, e.g., as initiated in 2002 by the International Paralympic
Committee Sports Injury Survey, is extremely helpful in this regard. The few studies
that have been published comparing sport participation in both able-bodied and
disabled individuals suggest that the latter do not have a significantly greater overall
risk of injury than their able-bodied counterparts, although the functional conse-
quences of injury to an athlete with an underlying impairment can be considerably
greater than for an able-bodied athlete. For example, a comparatively “routine”
shoulder overuse injury that might be a mere “nuisance” for an able-bodied athlete
could compromise the ability of a C6-lesion tetraplegic athlete (athlete with high
neck lesion, impacting the function of both lower and upper limbs) to remain
independently mobile, to say nothing about dramatically interfering with his or
her participation in sport.

A better understanding of common disabilities and injuries will assist athletes and
their coaches, therapists, and trainers, as well as all event (medical) staff, in
identifying possible medical problems and activities that may lead to injuries or
medical complications. This enables all involved to take the steps necessary to
ensure safe and effective training techniques and maximize competitive
performance on the one hand, and optimize sports medicine and event-related
medical services on the other hand.

MANAGEMENT OF COMMON MEDICAL PROBLEMS

Generally, the same safety and medical considerations apply to both disabled
and able-bodied athletes. Precautions should be taken in order to prevent acci-
dents from happening and to make the sporting environment a safe and posi-
tive one. However, precautions should not be so extreme as to take away the
“sense of achievement” that is inherent to sports participation. One of the greatest
“handicaps” that people with a disability, in general, have had to confront has
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been to deal with the overbearing concerns of caregivers and society in general.
Although these types of concern have been well intended, they have often stifled
the independence and hampered the freedom of disabled athletes.

As with able-bodied athletes, athletes with a disability should be “cleared” for sport
and checked for medical complications that may limit or prohibit involvement in
(competitive) sport. Team physicians should have a medical history report on all
athletes with them at all times. Athletes themselves have the responsibility to pass
on appropriate medical (and technical) information to coaches, event organizers,
and the like upon request.

An awareness of the risks of common medical problems experienced by Paralympic
athletes is essential to prevent unfortunate condition(s), and it is important for
care staff to identify in advance the possible medical problems the athletes might
face. Issues such as the extent of muscle and joint involvement, muscle tone
and coordination, sensory loss, heat/cold intolerance, susceptibility to fractures,
dangers of exacerbation, or the likelihood of progression of disease symptoms are
all important considerations in anticipation of sports participation.

Although it is expected that Paralympic athletes should practice routine preventive
measures to achieve and maintain optimal health to achieve maximal performance,
research has shown that Paralympic athletes often do not seek medical consultation
for problems they consider inherent to their impairment. Consequently, they too
often try to “work through” an illness or disease. Unfortunately, this “self-manage-
ment” sometimes prevents proper assessment of the problem and appropriate
medical care at an early stage.

COMMON MEDICAL PROBLEMS AND INJURIES

The medical care in athletes with a disability should be related to the sport-specific
risks and demands, as well as to the nature of the impairment. Although relatively
few studies are available, wheelchair track and road racing, para-cycling, alpine
skiing, wheelchair basketball, and wheelchair rugby are among the higher-risk
sports. More importantly, however, medical problems and injuries are positively
correlated with frequency and intensity of training and competition.

Analysis of medical encounters reported at major events shows that athletes with
a disability present to medical stations more often for the same medical problems
as the general population than they do for medical problems usually related
specifically to their impairment.

The following are the commonest injuries occurring in athletes with a disability.

Soft-tissue injuries

Soft-tissue injuries (abrasions, contusions, strains, and sprains) typically result from
repetitive stress on joints and muscles. Shoulder and elbow joints are particularly
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vulnerable to repetitive motions, as well as contact surfaces between amputee
stump and socket. Particular attention should be given to carpal tunnel syndrome:
the repetitive trauma of wheelchair propulsion creates additional forces on the
nerves that run from the forearm to the palm of the hand. The carpal tunnel
compresses these nerves. This results in pain, tingling, and loss of strength and/or
hand sensation.

Muscles are often strained when in a stretched position and contracting with great
force against strong resistance, which commonly occurs in sports performance.
Weaker, smaller muscles are particularly prone to such strain in disabled athletes,
e.g., the shoulder rotator cuff. The result is an impingement syndrome or painful
condition caused by continued compression of a tendon that then inflames. As
soft-tissue injuries are related to direct and repetitive trauma, it is essential to
schedule adequate rest and recovery between practice times and competitions.

In addition to soft-tissue problems, degeneration of bony surface coverings
(cartilage), tears in the fibrous tissue surrounding the joint, and loss of bone
circulation may occur over time. Extensive forces imposed by weight-bearing
and continuous overhead activity decrease circulation to the structures of, in
particular, the shoulder (e.g., wheelchair users) and hip (e.g., lower-limb amputees)
joints. Surgical decompression is sometimes the only action left to relieve chronic
shoulder pain resulting from repetitive strains.

Often reported are scrapes, cuts, bruises, blisters, and floor and wheel burns.
Disabled athletes are particularly at risk for accidental injury from incidental contact
with the wheelchair, prosthesis, or ground after a fall. Occasionally, friction burns
occur owing to inappropriate fitting of the device (wheelchair too wide, prosthesis
too small) (see below). If a prosthesis is not fitted correctly and it rubs on the stump,
or if the stump sock moves against the stump, then friction occurs. This can cause
blistering of the stump and result in several days’ loss of training and competition.
Particular attention should be given to the problems occurring when the skin is
wet (e.g., swimming, rowing, sailing). Athletes sensitive to abrasions and lacerations
often wear protective long sleeves or gloves, or strap themselves into their chairs
to minimize injuries during falls (e.g., wheelchair-rugby players).

Sensory disorders and skin breakdown

Spinal cord injury, spina bifida, and other nervous-system-related impairments
interfere with the normal protection that pressure, temperature, and pain sensa-
tions provide. This often goes together with excessive friction related to repetitive
movements. The result is pressure sores due to shearing of the superficial tissue
over bone, in particular in tissue areas over bony prominences (especially on the
buttocks and hips). The blood supply to the skin and underlying tissues is cut off.
Athletes vulnerable to pressure sores should (visually) inspect insensitive skin very
regularly. Persistent redness, hardening of the skin, or a raised area are first signs
of pressure sores and should immediately result in relief of all pressure from sitting,
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restrictive clothes, or prosthesis fitting until the redness resolves and normal skin
color returns. If not treated appropriately, skin breakdown (decubitus ulcer) may
progress to serious deep infection in muscle and bone. Caretakers should also be
sensitive to any redness or hardened or raised area that has been subjected to
sustained pressure. If pressure is not relieved immediately, the area can progress
to an open sore (ulcerate decubitus) and result in a serious infection involving skin,
muscle, and bone. Customized seating may alleviate pressure, but horizontal rest,
mostly lying on the stomach or side, is recommended.

Temperature-regulation disorders

Thermal injuries are common in all Paralympic athletes. Paralysis affects the
body’s ability to perspire below the site of the lesion, most severely in athletes
with high-level lesions. Similarly, owing to the loss of a limb, the ratio of surface
area to body volume in amputee athletes is different. Consequently, both para-
lyzed, as well as amputee, athletes may suffer from overheating.

Athletes with higher lesions (C5 and higher) often also have problems with core
body-temperature regulation owing to the loss of normal blood-flow regulation
via the central nervous system. This may be compounded by their inability to sweat
or shiver below the level of the spinal cord injury. Typically, these athletes wet
their own t-shirts or moisten themselves with plant sprinklers. Fans are also a
common aid alongside the field of play (e.g., in wheelchair rugby).

Muscle paralysis induces impaired circulation. In addition, blood flow to the skin
and deep tissues is relatively low. A sensory deficit also often causes lack of pain
sensation, which normally serves as a warning mechanism. As a result, it is easier
to sustain both burns and cold injuries (frostbite). In addition, the same circulatory
problems slow down and complicate the healing of the wounds afterwards.

Although sunscreens may be a first-hand aid, athletes with more severe dysfunction
may have difficulties applying their own protective cream or clothing. And,
although sunscreen helps to prevent sunburn, it can also make the athlete suscep-
tible to heat intolerance, as the sunscreen may inhibit and impair cooling, especially
in athletes who do not sweat normally.

High temperatures and humidity intensify heat intolerance. Initial symptoms
include muscle cramps, whereas more severe heat illness results in heat exhaustion,
with similar symptoms as in able-bodied athletes.

Dehydration is underestimated as an important cause of thermoregulatory dis-
orders. Athletes, in particular CP athletes, easily become dehydrated, because the
athletes start breathing rapidly and lose water from perspiration. Athletes with high
support needs are less able to take fluids during sports participation without assist-
ance, owing to their severe mobility problems. Some athletes may also restrict water
intake because of bladder problems (see under ‘Bladder dysfunction and urinary
tract infections’).
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Bladder dysfunction and urinary tract infections

Athletes with neurological disorders often have neurogenic bladders, causing
inadequate or incomplete bladder emptying. Indwelling catheters or intermittent
catheterization may be necessary and, consequently, increase vulnerability to
bladder infections, kidney stones, and urinary tract obstruction. Bladder infections
often cause pain and increased muscle spasticity, as well as blood-pressure
disturbances (see ‘Blood-pressure and blood-flow problems’). In a worst-case
scenario, i.e., with continued physical activity or sport participation, bladder
infection extends to kidney and blood-stream infections, causing severe illness or
worse. Many athletes take preventive medication. In case of an acute infection,
antibiotic treatment should be initiated, and the athlete should refrain from any
activity before body temperature has normalized.

Although infections can be treated, they are best prevented by simple measures.
By far the simplest one is to ensure adequate fluid intake to regularly flush out
the bladder. Additionally, athletes require clean areas in order to avoid contam-
ination during handling and use of catheters, connecting tubes, and bags.

Blood-pressure and blood-flow problems

Some muscle and joint diseases have associated problems with blood circulation.
This can be caused by artery spasm of the hands or feet and may be induced by
lower temperatures. Athletes with paralyzed muscles may lack blood return owing
to impairment of the muscular pumping action. Edema in the paralyzed limbs is
likely to occur, in particular when blood flow is obstructed by tight clothing or
straps around the legs or trunk.

Disabled athletes often also experience low blood pressure in hot or humid envir-
onments, especially when they are already dehydrated (see also under ‘Bladder
dysfunction and urinary tract infections’). Athletes are very vulnerable to this
hypotension during long opening and closing ceremonies or when they watch peer
sports while exposed to full sunshine.

Blood-flow problems also occur when athletes rapidly change position, in particular
from lying to sitting or standing. In particular, wheelchair-bound athletes may lack
rapid response from the heart and blood vessels to changes in position or
movement. Those athletes often may be exposed to orthostatic hypotension, owing
to the inability of the sympathetic nervous system to accommodate a rapidly shifting
blood volume.

Autonomic dysreflexia

A particular case of high blood pressure in athletes with a disability is autonomic
dysreflexia, a reflex syndrome that is unique to individuals with spinal cord injury
at lesion levels above T6. This reflex can occur spontaneously, resulting in a
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sympathetic discharge that elevates the arterial blood pressure and associated
cardiovascular responses, which can enhance physical performance. The stimulus
usually occurs in an area without sensation and triggers a series of reflexes resulting
in abnormally high blood pressure, sweating, goose bumps, and/or flushing of the
face and neck. The symptoms mostly go along with headache. Athletes with spinal
cord injury who compete in wheelchair sports can also voluntarily induce
autonomic dysreflexia prior to, or during, the event in order to enhance their
performance. Research has demonstrated that this practice, which is commonly
referred to as “boosting” in athletic circles, improves middle-distance wheelchair-
racing performance by approximately 10% in elite athletes with quadriplegia.
However, autonomic dysreflexia is a medical emergency, as stroke due to elevated
blood pressure can occur. As the situation is triggered by a stimulus from a bladder
or bowel obstruction, immediate action to empty the bladder or evacuate the
bowels is to be taken, together with moving the athlete to a sitting position to
reduce blood pressure. A recent study has indicated the need to strengthen
awareness and education in this area, as close to 20% of athletes vulnerable to
autonomic dysreflexia used the mechanism to voluntarily enhance performance,
whereas 40% were not aware of the mechanism at all. Both conditions, however,
carry significant risk.

Osteoporosis and fractures

Although fractures are not a common problem and only occur in a few sports (e.g.,
Alpine skiing), bones in, for example, paralyzed athletes are often thin
(osteoporosis) and may fracture from minor injuries. As many disabled athletes
lack the sensation that accompanies a bone fracture, any evidence of an abnormal
body position, swelling, redness, bruising, or grinding sensations should be further
examined through imaging, with the bone stabilized or splinted in the meantime.

Fractures are also likely to occur owing to falls as a consequence of reduced
balance. This can be the result of loss of sensation (e.g., incomplete lesions),
coordination problems (e.g., CP athletes), loss of proprioception (e.g., prosthesis
running), or unforeseen obstacles (e.g., visually impaired athletes).

Other

In the case of tetraplegic athletes, the diaphragm muscle is generally the only
respiratory muscle that remains functional. The respiratory function of the muscles
of the chest wall is usually paralyzed below the level of the injury. This loss of
function affects the ability to cough and thereby clear the respiratory passage.
Consequently, respiratory infections are more likely to occur, particularly when
the sports activities are performed under less favorable environmental conditions.

Athletes with CP are more likely to have convulsive disorders than their able-bodied
peers. Not only is fatigue a major inductor, but CP athletes, similar to athletes with
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intellectual disability, may induce epilepsy when they become overly distressed.
Team physicians, however, should have this status reported on the individual
athlete’s medical files and should monitor athletes with epilepsy more closely in
cool-down periods, as seizures are more likely to occur in this period rather than
during the activity itself.

There is some evidence to suggest that there may be an increase in intraocular
pressure during activities that can cause pressure increases (e.g., powerlifting,
rowing, judo, shot put), in particular in athletes with glaucoma (eye disorder).

PHARMACOLOGY

Whereas team physicians should emphasize injury prevention techniques,
pharmacological management of athletes with a disability should not be forgotten.
Disabled athletes, in the first instance, are athletes and thus bound by the same
rules, regulations, and responsibilities as any other athlete under the World Anti-
Doping Code. Team physicians in turn have a similar responsibility toward these
athletes as they do have toward any other athlete. Disabled athletes often have
to be treated with medications owing to their impairment or intensive sports partici-
pation, or owing to secondary health problems affiliated with the impairment. This
may vary from exercise-induced bronchospasm, through hypo- or hypertension,
urinary tract infections, and muscle spasticity, to diabetes mellitus and seizure
disorders. Pharmacological literature unfortunately does not offer much relevant
information concerning the effects of medication on exercise performance in dis-
abled athletes, and data on medication use in this athlete group are not systematic-
ally available.

The personal and financial rewards of modern-day sport can create an unhealthy
desire to win at all costs and that also exists in the Paralympic Movement. To gain
a competitive advantage, some athletes find their way to so-called ergogenic aids,
which enhance sporting performance beyond that attainable through genetic ability
and sustained effective training. Ergogenic aids, including pharmacological (e.g.,
performance-enhancing drugs) and physiological (e.g., blood-doping) s