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Peroneal Tendinitis

Peroneal Tendon Subluxation
Posterior Tibial Tendinitis

Back and Lumbar Spine

Back Injuries, Surgery for

Cervical and Thoracic Fractures and Traumatic
Instability

Cervical Brachialgia

Intervertebral Disk Disease

Klippel-Feil Syndrome

Lower Back Contusion

Lower Back Injuries and Low Back Pain

Lower Back Muscle Strain and Ligament Sprain

Rhomboid Muscle Strain and Spasm

Slipped Disk

Spinal Cord Injury

Spondylolysis and Spondylolisthesis

Cervical and Thoracic Spine

Cervical and Thoracic Disk Disease

Cervical and Thoracic Fractures and Traumatic
Instability

Cervical and Thoracic Spine Injuries

Cervical Brachialgia

Cervical Disk Degeneration

Cervical Facet Syndrome

Costosternal Syndrome (Costochondritis)

Intervertebral Disk Disease

Os Odontoideum
Scheuermann Kyphosis
Scoliosis

Chest Wall

Bruised Ribs

Chest and Chest Wall Injuries

Rib Fracture and Contusions

Rib Stress Fracture

Rib Tip Syndrome

Sternal Fracture

Sternoclavicular (SC) Joint, Separation of

Elbow and Forearm

Biceps Tendinitis

Biceps Tendon Rupture

Elbow, Osteochondritis Dissecans of the
Elbow and Forearm Injuries

Elbow and Forearm Injuries, Surgery for
Elbow Bursitis

Elbow Dislocations

Elbow Fractures

Elbow Sprain

Forearm Fracture

Little League Elbow

Medial Apophysitis of the Elbow

Medial Epicondyle Avulsion Fractures of the

Elbow
Olecranon Stress Injury
Panner Disease
Posterior Impingement Syndrome
Posterolateral Rotatory Instability
Ulnar Neuropathy

Foot

Arch Pain

Athlete’s Foot
Black Nail

Blisters

Bruised Foot
Bunions

Calluses

Corns

Foot and Ankle Injuries, Surgery for
Foot Fracture

Foot Injuries

Foot Stress Fracture
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Hammertoe

Ingrown Toenail
Metatarsalgia

Morton Neuroma
Overpronating Foot
Oversupinating Foot
Plantar Fasciitis and Heel Spurs
Retrocalcaneal Bursitis
Sesamoiditis

Sever Disease

Turf Toe

Warts (Verrucae)

Hand and Finger

Carpal Fractures
Finger Dislocation

Finger Fractures: Bennett Fracture, Boxer’s

Fracture
Finger Fractures: Overview
Finger Sprain
Hand and Finger Injuries
Hand and Finger Injuries, Surgery for
Jersey Finger
Mallet Finger
Proximal Interphalangeal
Joint Dislocation
Thumb Sprain
Volkmann Contracture

Head and Neck

Cervical Nerve Stretch Syndrome
Concussion

Craniofacial Injuries

Dental Injuries

Detached Retina

Diffuse Axonal Injury

Ear Infection, Outer (Otitis Externa)
Ear Injuries

Epidural Hematoma

Eye Injuries

Facial Injuries

Head Injuries

Intracerebral Hematoma
Intracranial Hemorrhage
Malignant Brain Edema Syndrome
Neck and Upper Back Injuries
Neck Spasm

Nose Injuries

Punch Drunk Syndrome
Skull Fracture
Subarachnoid Hemorrhage
Subdural Hematoma
Torticollis, Acute

Hip, Pelvis, and Groin

Avascular Necrosis of the Femoral Head
Avulsion Fractures
Femoral Neck Stress Fracture
Femoroacetabular Impingement
Genitourinary Injuries
Gluteal Strain
Groin Pain
Groin Strain
Groin Tendinitis
Groin/Inguinal Hernia
Hip, Pelvis, and Groin Injuries
Hip, Pelvis, and Groin
Injuries, Surgery for
Hip Contusion
Hip Dislocation
Hip Flexor Strain
Hip Flexor Tendinitis
Hip Fracture
Hip Stress Fracture
Osteitis Pubis
Pelvic Avulsion Fractures
Pelvic Bursitis
Pelvic Fracture
Pelvic Stress Fracture
Perineal Numbness and Erectile Dysfunction
Piriformis Syndrome
Sacroiliac Pain
Sciatica
Slipped Capital Femoral Epiphysis
Snapping Hip Syndrome
Tailbone (Coccyx) Injuries

Knee

Anterior Cruciate Ligament Tear

Articular and Meniscal Cartilage Regeneration
and Repair

Chondromalacia Patella

Cyst, Baker

Discoid Meniscus

Extensor Mechanism Injury

Iliotibial Band Syndrome
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Juvenile Osteochondritis Dissecans of the Knee

Knee, Osteochondritis Dissecans of the

Knee Bursitis

Knee Injuries

Knee Injuries, Surgery for

Knee Ligament Sprain, Medial and Lateral
Collateral Ligaments

Knee Plica

Kneecap, Subluxating

Meniscus Injuries

Osgood-Schlatter Disease

Patellar Dislocation

Patellar Tendinitis

Patellofemoral Pain Syndrome

Posterior Cruciate Ligament Injuries

Quadriceps Tendinitis

Tibial Tubercle Avulsion Fracture

Lower Leg

Achilles Bursitis

Achilles Tendinitis

Achilles Tendon Rupture
Acromioclavicular (AC) Joint, Separation of
Calf Strain

Compartment Syndrome, Anterior
Lower Leg Injuries

Lower Leg Injuries, Surgery for
Medial Tibial Stress Syndrome
Peroneal Strain

Tibia and Fibula Fractures

Tibia and Fibula Stress Fractures

Shoulder

Frozen Shoulder

Glenoid Labrum Tear

Little League Shoulder

Rotator Cuff Tears, Partial

Rotator Cuff Tendinopathy

Shoulder Arthritis

Shoulder Bursitis

Shoulder Dislocation

Shoulder Impingement Syndrome

Shoulder Injuries

Shoulder Injuries, Surgery for

Shoulder Instability

Shoulder Subluxation

Superior Labrum From Anterior to Posterior
(SLAP) Lesions

Skin

Abrasions and Lacerations

Allergic Contact Dermatitis

Angioedema and Anaphylaxis

Athlete’s Nodules

Dermatology in Sports

Friction Injuries to the Skin

Frostbite and Frost Nip

Fungal Skin Infections and
Parasitic Infestations

Insect Bites and Stings

Irritant Contact Dermatitis

Jock Itch

Jogger’s Nipples

Pressure Injuries to the Skin

Prickly Heat

Puncture Wounds

Skin Conditions in Wrestlers

Skin Disorders, Metabolic

Skin Infections, Bacterial

Skin Infections, Viral

Skin Infestations, Parasitic

Sunburn

Sunburn and Skin Cancers

Toenail Fungus

Urticaria and Pruritus

Warts (Verrucae)

Thigh

Hamstring Strain
Legg-Calvé-Perthes Disease
Proximal Hamstring Syndrome
Quadriceps Strain

Thigh Contusion

Thigh Injuries

Thighbone Fracture
Trochanteric Bursitis

Thorax

Cardiac Injuries (Commotio Cordis,
Myocardial Contusion)
Lung Injuries

Wrist
Carpal Tunnel Syndrome

Colles Fracture
Kienbock Disease
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Scaphoid Fracture

Triangular Fibrocartilage Complex
Triangular Fibrocartilage Injuries
Wrist Dislocation

Wrist Fracture

Wrist Injuries

Wrist Sprain

Wrist Tendinopathy

Injury Prevention

Athletic Shoe Selection

Knee Bracing

Mouthguards

Orthotics

Preventing Sports Injuries
Protective Equipment in Sports
Risk Factors for Sports Injuries

Medical Conditions Affecting
Sports Participation

Allergies

Altitude Sickness

Anaphylaxis, Exercise-Induced
Anemia

Anorexia Nervosa

Arthritis

Asthma

Asthma, Exercise-Induced
Atlantoaxial Instability
Bleeding Disorders

Bruised Ribs

Burnout in Sports

Cholinergic Urticaria

Complex Regional Pain Syndrome
Congenital Heart Disease
Dehydration

Detached Retina

Diabetes in the Young Athlete
Diabetes Mellitus

Diarrhea

Exercise and Heart Murmurs
Exercise and Mitral Valve Prolapse
Fever

Functionally One-Eyed Athlete
Gastrointestinal Problems
Heat Illness

Hepatitis

Hypertension (High Blood Pressure)

Infectious Diseases in Sports Medicine

Ingrown Toenail

Jet Lag

Liver Conditions, Hepatitis, Hepatomegaly

Marfan Syndrome

Neurologic Disorders Affecting Sports
Participation

Obesity

Respiratory Conditions

Seizure Disorder in Sports

Sickle Cell Disease

Sinusitis in Athletes

Skin Disorders Affecting Sports Participation

Anatomical Abnormalities

Bowlegs (Genu Varum)
Femoral Anteversion (Turned-In Hips)
Flat Feet (Pes Planus)
High Arches (Pes Cavus)
Hyperextension of the Knee

(Genu Recurvatum)
Kidney, Absence of One
Knock-Knees (Genu Valgum)
Miserable Malalignment Syndrome
Ovary, Absence of One
Q Angle
Testicle, Undescended or Solitary

Infectious Diseases

Blood-Borne Infections

Ear Infection, Outer (Otitis Externa)

Epstein-Barr Virus, Infectious Mononucleosis,
and Splenomegaly

Fungal Skin Infections and
Parasitic Infestations

Hepatitis

HIV and the Athlete

Infectious Diseases in Sports Medicine

Jock Itch

Methicillin-Resistant Staphylococcus Aureus
Infections

Pulmonary and Cardiac Infections in Athletes

Skin Conditions in Wrestlers

Skin Infections, Bacterial

Skin Infections, Viral

Skin Infestations, Parasitic

Toenail Fungus
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Rehabilitation and Physical Therapy

Cryotherapy

Deep Heat: Ultrasound, Diathermy
Electrotherapy

Hydrotherapy and Aquatic Therapy

Principles of Rehabilitation and Physical Therapy
Superficial Heat

Therapeutic Exercise

Special Populations

Pediatric Obesity, Sports, and Exercise
Physically and Mentally Challenged Athletes
Psychology of the Young Athlete

Senior Athletes

Strength Training for the Female Athlete
Strength Training for the Young Athlete
Title IX, Education Amendments of 1972
Transsexual Athletes

Young Athlete

Youth Fitness

Specialties and Occupations in
Sports Medicine

Athletic Trainers

Dietitian/Sports Nutritionist
Emergency Medicine and Sports
Exercise Physiologist

Family Doctor

Group Fitness Instructor

Manual Medicine

Orthopedist in Sports Medicine, Role of
Physical and Occupational Therapist
Physiatry and Sports Medicine
Podiatric Sports Medicine

Sport and Exercise Psychology
Sports Biomechanist

Sports Massage Therapist

Team Physician

Sport Psychology

Sport Psychology

Anger and Violence in Sports
Arousal and Athletic Performance
Attention Focus in Sports
Biofeedback

Bulimia Nervosa

Burnout in Sports

Exercise Addiction/Overactivity Disorders

Hypnosis and Sport Performance

Imagery and Visualization

Leadership in Sports

Mental Health Benefits of Sports and Exercise

Motivation

Overtraining

Personality and Exercise

Psychological Aspects of Injury and
Rehabilitation

Psychological Assessment in Sports

Sport and Exercise Psychology

Sports Socialization

Team and Group Dynamics in Sports

Sports and Society

Air Pollution, Effects on Exercise and Sports

Anger and Violence in Sports

Benefits of Exercise and Sports

Diversity in Sports

Doping and Performance Enhancement: A New
Definition

Doping and Performance Enhancement:
Historical Overview

Doping and Performance Enhancement: Olympic
Games From 2004 to 2008

Epidemiology of Sports Injuries

Legal Aspects of Sports Medicine

Protective Equipment in Sports

Sports Injuries, Overuse

Team and Group Dynamics in Sports

Title IX, Education Amendments of 1972

World Anti-Doping Agency

Sports and Sports Medicine

Air Pollution, Effects on Exercise and Sports
Anatomy and Sports Medicine
Benefits of Exercise and Sports
Circadian Rhythms and Exercise
Diversity in Sports

Emergency Medicine and Sports
Epidemiology of Sports Injuries
Exercise and Disease Prevention
Future Directions in Sports Medicine
History of Sports Medicine

Immune System, Exercise and
Physical Examination and History
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Seasonal Rhythms and Exercise

Shift Work and Exercise

Skill Acquisition in Sports

Sleep and Exercise

Sleep Loss, Effects on Athletic Performance
Sports Injuries, Surgery for

Travel Medicine and the International Athlete
Women’s Health, Effects of Exercise on

Organizations

American College of Sports Medicine

American Medical Society for
Sports Medicine

American Orthopaedic Society for Sports
Medicine

American Osteopathic Academy of Sports
Medicine

British Association of Sport and Exercise
Medicine

International Federation of
Sports Medicine

Issues for Practitioners

Careers in Sports Medicine

Credentialing for Team Physicians

Legal Aspects of Sports Medicine

Medical Management of an Athletic Event

Running a Sports Medicine Practice

Running a Strength Training and Conditioning
Facility

Sports-Specific Injuries
Aerobic Dance, Injuries in
Archery, Injuries in
Badminton, Injuries in
Baseball, Injuries in
Basketball, Injuries in
Biking, Injuries in

Boxing, Injuries in
Cheerleading, Injuries in
Cricket, Injuries in

Dance Injuries and Dance Medicine
Extreme Sports, Injuries in
Field Hockey, Injuries in
Figure Skating, Injuries in

Football, Injuries in

Golf, Injuries in

Gymnastics, Injuries in

Horse Riding, Injuries in

Ice Hockey, Injuries in

Karate, Injuries in

Marathons, Injuries in

Mixed Martial Arts, Injuries in
Mountain Bike Racing, Injuries in
Outdoor Athlete

Racquetball and Squash, Injuries in
Rowing, Injuries in

Rugby Union, Injuries in

Running Injuries

Sailing and Yacht Racing, Injuries in
SCUBA Diving, Injuries in

Skiing, Injuries in

Snowboarding, Injuries in

Soccer, Injuries in

Speed Skating, Injuries in

Surfing, Injuries in

Swimming, Injuries in

Tennis and Racquet Sports, Injuries in
Tennis Elbow

Triathlons, Injuries in

Ultimate Frisbee, Injuries in
Volleyball, Injuries in

Weight Lifting, Injuries in
Windsurfing, Injuries in

Wrestling, Injuries in

Women and Sports

Amenorrhea in Athletes

Dysmenorrhea

Eating Disorders

Exercise During Pregnancy and Postpartum

Female Athlete

Female Athlete Triad

Gender and Age Differences in Response to
Training

Menstrual Cycle and Sports Performance

Menstrual Irregularities

Osteoporosis Prevention Through Exercise

Title IX, Education Amendments of 1972

Transsexual Athletes

Women’s Health, Effects of Exercise on



About the Editor

Lyle J. Micheli, M.D., is one of the world’s lead-
ing experts in sports medicine. He is a clinical
professor of orthopaedic surgery at Harvard
Medical School and the O’Donnell Family
Professor of Orthopaedic Sports Medicine at
Children’s Hospital Boston. Dr. Micheli cofounded
the world’s first pediatric sports medicine clinic,
the Division of Sports Medicine, at the Children’s
Hospital Boston in 1974, and he remains its direc-
tor to this day. Dr. Micheli oversees the clinic’s
mission to treat child and adolescent patients with
injuries of an orthopaedic nature and to sponsor
research into the mechanisms of sports injuries,
the techniques of rehabilitation and treatment,
and the physiology of exercise and conditioning.
In addition to directing the Division (which also
specializes in dance medicine), Dr. Micheli has
been the attending physician for the Boston Ballet
since 1977.

Associations such as the American Academy of
Orthopaedic Surgeons, the Chinese Association
of Sports Medicine, the National Center for
Sports Safety, and the International Olympic
Committee have invited Dr. Micheli to speak and
teach courses. In 2010, he became the Secretary
General of the International Federation of Sports
Medicine, having long been associated with that
venerable organization, which predates even
the International Olympic Committee Medical
Association. Thanks to this association, Dr. Micheli
has become even better known as a lecturer around
the world.

Closer to home, Dr. Micheli is also a former
president of the American College of Sports
Medicine, former chairman of Massachusetts
Governor’s Council on Fitness and Sports, and a
founder of the National Youth Sports Safety
Foundation. He maintains a very active clini-
cal practice at Boston Children’s Hospital.
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Dr. Micheli personally sees between 170 and 200
patients every week. In addition, he performs an
average of 1,100 surgical operations annually.

An able athlete himself, in the 1960s,
Dr. Micheli represented Harvard College as an
undergraduate in football, rugby, lacrosse, and
boxing, while still finding the time to graduate
cum laude. Dr. Micheli remains active in the
rugby community and has served as medical
director of the United States’s national governing
body for the sport.

Dr. Micheli is the author of an extensive num-
ber of scholarly articles. He has written five books
for a general audience including The Sports
Medicine Bible (1995) and The Sports Medicine
Bible for Young Athletes (2001). He has also writ-
ten or edited numerous academic texts. He is mar-
ried to Anne and has two daughters who maintain
an active interest in sports and dance. He resides in
Brookline, Massachusetts, close enough to
Children’s Hospital Boston to bicycle to work
when the New England weather is clear—and
often when it isn’t.

Among Dr. Micheli’s many professional activities,
awards, and achievements to date are the following:

e Medical Team, Boston Marathon, Finish Line
Director

o Attending Physician, Boston Ballet

e Team Physician, U.S. Figure Skating
Association

e Chair, Medical and Risk Management
Committee, U.S.A. Rugby

e Honorary Member, National Athletic Trainers
Association

o Fitness Practitioner Advisory Board, Aerobics
and Fitness Association of America

e Advisory Council, Massachusetts Special
Olympics



XX1V

About the Editor

Serves on the Editorial/Advisory Boards for more
than 20 journals

Leader, Citizen Ambassador Program Sports
Medicine Delegation to East Germany and the
Soviet Union

Citation Award, American College of Sports
Medicine

Medal of Honor, Boston Ballet

President’s Award, Massachusetts Association of
Health, Physical Education, Recreation and
Dance

William G. Anderson Award, American Alliance
for Health, Physical Education, Recreation and
Dance

Gold Star State Council Member of the Year,
National Association of Governor’s Councils on
Physical Fitness and Sports

Inaugural Inductee to Athletic Trainers
Massachusetts Hall of Fame

St. Bede Academy, Peru, Illinois, Athletic Hall of
Fame Inductee

American Academy of Pediatrics Thomas E.
Schaffer Award recipient (for lifetime
contributions to the field of Sports Medicine)
Given more than 100 lectures or speaking
engagements since 2000

Published nearly 150 refereed journal articles
Published more than 100 non-refereed articles
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James R. Andrews is a founding member of
Andrews Sports Medicine and Orthopaedic Center
in Birmingham, Alabama, and a founder and
Medical Director of the American Sports Medicine
Institute (ASMI), a nonprofit institute dedicated
to injury prevention, education, and research in
orthopaedics and sports medicine. Through ASMI
he has mentored more than 250 orthopaedic/
sports medicine Fellows and more than 45 pri-
mary care sports medicine Fellows. Dr. Andrews
is also a founding partner and Medical Director of
the Andrews Institute and Andrews-Paulos
Research and Education Institute in Gulf Breeze,
Florida. A native of Homer, Louisiana, he gradu-
ated from Louisiana State University (LSU) in 1963,
where he was Southeastern Conference pole vault
champion. He completed LSU School of Medicine
in 1967 and his orthopaedic residency at Tulane
Medical School in 1972. He is a member of the
American Board of Orthopaedic Surgery and the
American Academy of Orthopaedic Surgeons and
served as the 2009-2010 President of the American
Orthopaedic Society for Sports Medicine. He is
Clinical Professor of Orthopaedic Surgery at the
University of Alabama Birmingham Medical
School, the University of Virginia School of
Medicine, the University of Kentucky Medical
Center, and the University of South Carolina
Medical School. Dr. Andrews provides coverage
to several collegiate and professional teams includ-
ing Auburn University, the University of Alabama,
the Washington Redskins, the Tampa Bay Rays,
and the LPGA. He also serves on the Board of
Little League Baseball. Dr. Andrews has been
inducted into both Alabama and Louisiana’s state
Sports Halls of Fame.

John Bergfeld is the former Head of Sports
Medicine and now is Senior Surgeon, Department
of Orthopaedics and Director of the Operating
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Rooms at the Cleveland Clinic, Cleveland, Ohio.
Dr. Bergfeld served in the U.S. Navy as Chief of
Orthopaedics of the United States Naval Academy,
U.S. Naval Hospital, Annapolis, Maryland and
aboard the U.S.S. Dubuque (1970-1973) with
rank—Commander MC USNR. He served as a
President of the American College of Sports
Medicine (1984-1985) and as President of the
American Orthopaedic Society for Sports Medicine
(1992-1993). He served as Team Physician for the
Cleveland Browns (NFL; 1976-2002), as Team
Physician for the Cleveland Cavaliers (NBA;
1986-2001), as Physician to Cleveland Ballet
(1976-1990), at Baldwin Wallace College
(1996—present) and at the Cleveland Metropolitan
Schools (1976—present). He has received numer-
ous awards and honors and presently serves as
consultant to the Cleveland Browns and Cavaliers.
Dr. Bergfeld founded the Cleveland Rugby Football
Club in 1964.

Arthur L. Boland received his M.D. from Cornell
University Medical College in1961. After an intern-
ship and assistant residency in general surgery at
New York Hospital-Cornell Medical Center, he
served in the U.S. Army in Germany for two years.
He completed the Harvard Combined Orthopaedic
Residency Program in 1969. Dr. Boland is an
assistant clinical professor of Orthopaedic Surgery
at Harvard Medical School, Chief of Orthopaedic
Surgery at the Harvard University Health Services,
and Emeritus Head Surgeon for the Harvard
Athletic Department. Dr. Boland has been an
assistant team physician for the New England
Patriots and Boston Bruins and was a member of
the medical staff of the 1984 Olympic Games. He
has also served as team physician for the U.S.
Hockey Team at the World Championships in
1993 and has been an orthopedic consultant for
the U.S. Rowing Team. Dr. Boland has served on
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numerous committees for several professional
organizations, including the American Academy
of Orthopedic Surgeons Committee on Sports
Medicine and its Committee on Outcomes
Research. He has been President and a member
of the Board of Directors of the American
Orthopaedic Society for Sports Medicine, President
of the Herodicus Society, and a member of the
program committee of the International Cartilage
Repair Society, and he has served on the Strategic
Planning and Membership Committees of the
International Society of Arthroscopy, Knee Surgery
and Orthopaedic Sports Medicine. In 2000 Dr.
Boland was the recipient of the American
Orthopaedic Society for Sports Medicine’s “Mr.
Sports Medicine Award: In Recognition and
Appreciation for his Outstanding and Meritorious
Service to Sports Medicine Throughout the World.”
In 2005 he was inducted into the American
Orthopaedic Society for Sports Medicine’s Hall of
Fame, the Society’s highest honor.

Robert C. Cantu holds many professional respon-
sibilities, including those of Clinical Professor,
Department of Neurosurgery and Co-Director
Center for the Study of Traumatic Encephalopathy,
Boston University School of Medicine; Senior
Advisor to the NFL Head, Neck and Spine
Committee; Founding member and Chairman of
the Medical Advisory Board Sports Legacy
Institute; Adjunct Professor of Exercise and Sport
Science and Medical Director of the National
Center for Catastrophic Sports Injury Research,
University of North Carolina; Co-Director,
Neurologic Sports Injury Center, Brigham and
Women’s Hospital; Chief of Neurosurgery Service,
Chairman of the Department of Surgery, and
Director of Sports Medicine at Emerson Hospital;
Neurosurgical Consultant for the Boston Eagles
football team; and Neurosurgical Consultant for
the Boston Cannons professional soccer team. He
has authored over 340 scientific publications,
including 22 books on neurology and sports
medicine, in addition to numerous book chapters,
peer-reviewed papers, abstracts and free commu-
nications, and educational videos. Dr. Cantu’s
2009 media appearances include providing testi-
mony to Congress on the “NFL and Concussions,”
CNN with Lou Dobbs on the NFL Congressional
Hearings, CNN Saturday Morning, and 60

Minutes, as well as numerous radio programs for
NPR and other networks.

Joseph M. Cummiskey attended medical school at
University College Dublin from 1964 to 1970. He
did his post-graduate training for 10 years in
Northern California at Stanford University and
the University of California, Davis, where he played
and coached the Stanford University team for
3 years. His position then evolved into selection of
the Northern Californian team and refereeing on
the West coast. He returned to Ireland in 1985 to
the then-new Blackrock Clinic. Dr. Cummiskey
served as the Honorary Secretary of the Irish
Sports Medicine Society from 1985-1988. He was
Chief Medical Officer of the Olympic Council of
Ireland from 1989-2000. A three year spell as sec-
retary general of the Irish Sports Medicine associa-
tion was followed by a 10 year spell as the chief
medical officer of the Olympic Council of Ireland.
He became a member of the International Olympic
Committee Medical Commission in 2000. This was
followed by joining the executive committee of
the European Olympic Committee Medical
Commission, the International Federation of
Sports Medicine, and by being a member of the
Medical and Scientific Commission of the European
Federation of Sports Medicine Associations
(EFSMA). In 2006 he entered the field of
International Federations. He was soon on the
Union of Cycling Medical Commission, the
International Federation of Bobsleigh and Skeleton,
and the International Cricket Council Medical
Commussion. The most recent election saw him
become the President of the European Federation
of Sports Medicine Associations, the central body
of the 41 countries of Europe.

Eduardo Henrique De Rose was born in Porto
Alegre, Brazil, on August 8, 1942—the third son
of parents emigrated from Italy. He married
Regina Celi Fonticielha in 1967. They have two
sons and one daughter. He holds dual citizenship
with Brazil and Italy. He graduated with a degree
in medicine from the State University of Sciences
of Health in Porto Alegre, Brazil. Next he special-
ized in Sports Medicine at the University of Tours,
in Tours, France. He earned a Masters degree in
Sports Medicine in the University La Sapienza, in
Rome, Italy. He earned an M.D. at the University
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of Cologne in the School of Physical Education in
Cologne, Germany. He has been awarded the
degree of Doctor “Honoris Causa” of the Pontifical
Catholic University in Porto Alegre, Brazil. De
Rose has been a strong member and elected board
member of many boards and societies. He has been
a member of the Medical Commission of the
International Olympic Committee since 1984. He
has been a member of the foundation board of the
World Anti-Doping Agency since 1999. He has
been President of the Medical Commission of the
Association of National Olympic Committees since
since 2003. He has been Honorary President of the
International Federation of Sports Medicine since
2002. He has been President of the Medical
Commission of the Pan American Sports Associa-
tion since 1979. He has been Honorary President
of the Pan American Confederation of Sports
Medicine since 1991. He has been President of the
Medical Commission of the South American Sports
Organization since 1995. He has been a member of
the Medical Commission of the Brazilian Olympic
Committee (COB) since 1973. He has been President
of the Anti-Doping Commission of the Ministry of
Sports of the Brazilian Government since 2002. He
has been Secretary General of the National Anti-
Doping Organization of Brazil since 2008.

Avery Faigenbaum, Ed.D., is a full professor in
the Department of Health and Exercise Science at
The College of New Jersey. He serves on the edi-
torial boards of several professional journals and
is frequently quoted by national media. He was
elected Vice President of the National Strength
and Conditioning Association (NSCA) in 2005
and served on the Massachusetts Governor’s
Council on Fitness and Sports from 1998 to
2004. He was honored by the NSCA with the
1999 Junior Investigator of the Year Award,
the 2000 State Director of the Year Award, and
the 2003 Strength and Conditioning Journal
Editorial Excellence Award. He is also a Fellow
of the NSCA and American College of Sports
Medicine. He is the author of numerous scholarly
articles, as well as eight books for a general audi-
ence, including Youth Strength Training (2010)
Youth Fitness (2001), and Progressive Plyometrics
for Kids (2006). As an active researcher and prac-
titioner in the field of pediatric exercise science,
he continues to develop successful youth strength

and conditioning and lecture at professional con-
ferences worldwide

Walter R. Frontera is Dean of the Faculty of
Medicine and Professor of Physical Medicine and
Rehabilitation (PM&R) and Physiology at the
University of Puerto Rico (UPR). Dr. Frontera
completed his medical studies and a residency in
PM&R at the University of Puerto Rico and
received a doctoral degree in applied anatomy and
physiology at Boston University. After completing
his training, Dr. Frontera returned to the UPR
School of Medicine and in 1993 he became the
Chief of the Department of PM&R. In 1995 he
spent a sabbatical year at the Karolinska Hospital
in Stockholm, Sweden, in the Department of
Clinical Neurophysiology studying the effects of
aging. In 1996 he was recruited to Harvard
Medical School to establish the Department of
PM&R and was appointed the Earle P. and Ida S.
Charlton Professor and Chairman of the
Department of PM&R at Harvard Medical School
and Spaulding Rehabilitation Hospital. His pri-
mary research interest is the study of the mecha-
nisms underlying muscle atrophy and weakness in
the elderly. His research has also included the
study of skeletal muscle dysfunction in patients
with neuromuscular diseases and muscle function
with exercise training in patients with HIV. Dr.
Frontera’s research has been funded mainly by the
National Institutes of Health. He has more than
200 scientific publications, including 76 peer-
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Introduction

I have been a sports medicine doctor here at
Harvard Medical School for almost 40 years, and I
am convinced more than ever that this is one of the
most exciting fields in the health care continuum.

The field of sports medicine is thriving in
response to the demand for health care profession-
als to care for the growing number of men, women,
and children who are participating in vigorous
physical activity. Yes, it may be true that some of
society’s problems are due to inactivity among our
citizenry, but paralleling this phenomenon has
been an explosion in organized sports and recre-
ational exercise.

At one time, there might have been a few privi-
leged, upper-class ladies and gentlemen who could
play golf, tennis, and polo, but now there are
myriad sports and exercise opportunities open to
all people, irrespective of age, class, race, or gen-
der. And just as one kind of activity fades from the
headlines (jogging and in-line skating), another
one takes its place (extreme sports and Pilates).

With the growth in sports and exercise has
come a concomitant increase in the number of
related injuries. Often these are “acute” injuries,
such as a sprained ankle while playing basketball
or a skinned knee from falling off a mountain bike.
There has also been a rise of so-called overuse inju-
ries. Unlike acute injuries, which are the result of
an accident, overuse injuries occur because athletes
do too much of exactly what they’re supposed to
be doing, whether it’s serving a tennis ball or jog-
ging every evening. Trying to prevent overuse inju-
ries has been one of the focal issues of sports
medicine doctors like me.

Because there are so many segments of the
population now engaging in sports and exercise,
their sports medicine needs are also different. The
young athlete, for instance, is not just a miniature
adult and shouldn’t be treated medically as such.

xli

Older athletes have their own special needs, as do
active women.

Remember, too, that sports medicine is not just
a specialty focusing on injuries. In addition to pre-
venting, treating, and rehabilitating injuries, sports
medicine deals with nutrition, conditioning, bio-
mechanics, psychology, and more.

All this is to say that there are now many differ-
ent people included in a sports medicine team
compared with when I started in the field all those
decades ago. Here, at the Division of Sports
Medicine at Children’s Hospital Boston at Harvard
Medicine School, we have not just orthopedists
but primary care physicians, athletic trainers,
sports psychologists, nutritionists, podiatrists, and
others.

With all the career opportunities available, it’s
no wonder that so many more people are develop-
ing an interest in sports medicine. For the same
reason there are more athletes to be cared for,
there are more people with an interest in sports
and exercise who want to develop their interest
into a career in health and medicine.

That is why I and so many of my peers got
involved in sports medicine—we were athletes
who became doctors, and we wanted to blend our
occupation with our avocation. Now I see expo-
nentially more people doing the same! Bravo to
you, and I trust you will get the same enjoyment
out of it as I and my contemporaries have.

The purpose of this encyclopedia is to provide
an introduction to those very people who are
developing an interest in sports medicine, as well
as those who are presently working in the field.
We have covered a marvelously broad spectrum of
topics in what I trust is sufficient, but not over-
whelming, detail.

As with any resource of this size and scope, a lot
of planning went into its creation. How to decide
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which topics to cover? To a tree trunk called sports
medicine, we attached branches of subspecialties
such as nutrition and physical therapy and then
twigs and leaves that represented topics and sub-
topics within those areas. At times, this seemed
overwhelming given the scope of the field, but
gradually and over time, we developed a headword
list that was comprehensive but as short of redun-
dancies as possible (though “better redundant than
incomplete” was one of our mottos!).

Wherever it was feasible, we asked contributors
to make their contributions as easy to understand
for as many readers as possible. In many cases, this
meant asking eminent scientists and academics to
write at a level to which they are not necessarily
accustomed, and I am grateful that so many were
willing to make this necessary adjustment. I can
speak from personal experience when I say that
writing in this way after so many years of writing
for scientific publications can be a challenge. Of
course, sometimes our text will take a more scien-
tific bent, but sometimes this is essential given the
particular subject matter.

Above all, I am extremely pleased that we have
contributions from so many preeminent experts in
their fields. The list is long, and I run the risk of
neglecting someone, so I will mention just a
few names—Dr. Wilma Bergfeld (dermatology),
Dr. Art Boland (history of sports medicine),
Dr. Bob Cantu (catastrophic injuries), Dr. Eduardo
De Rose (doping), Dr. Avery Faigenbaum (chil-
dren’s fitness), Dr. Steven Pribut (athletic foot-
wear), and Dr. Jim Whiteside (team physician).
The fact these men and women were willing to
contribute entries says much about their interest in
bringing their respective specialties to as wide an
audience as possible.

I hope this will be your “go-to” guide when you
have a question about sports medicine. Regardless
of whether you use a hard copy of the Encyclopedia
of Sports Medicine or the online version, I trust
that, like generations of encyclopedia buffs before
you, you will take pleasure in perusing this
resource and searching randomly through it for the
sheer pleasure of absorbing the knowledge you
will find inside.

It has been an enormous pleasure to work with
the many hundreds of health care professionals
who contributed to this resource, as well as our

august body of advisers. I hope the readers will
take as much pleasure in the fruits of our labors.

Please enjoy and make use of this terrific and
comprehensive resource, that it may educate you
on one of the most fascinating areas of medical
specialty—one I am pleased, proud, and honored
to have worked in all these years.

Lyle J. Micheli, M.D.
Boston, Massachusetts

A Note on the Parts of the Encyclopedia

The Encyclopedia of Sports Medicine contains a
number of invaluable features that combine to cre-
ate a resource for all levels of need. First, the List
of Entries enumerates the topics covered in the
four volumes, a simple list in the same A-to-Z
order in which they will appear in the encyclope-
dia. Next, a Reader’s Guide organizes the entries
into subject groups, so that the reader can see at a
glance the natural clusters of related entries. These
subject headings are as follows:

¢ Conditioning and Training

e Diagnosis and Treatment of Sports Injuries

e Diet and Nutrition

e Doping and Performance Enhancement

e Exercise Physiology, Biomechanics, and
Kinesiology

e Injuries and Disorders

e Injury Prevention

e Medical Conditions Affecting Sports
Participation

e Rehabilitation and Physical Therapy

e Special Populations

e Specialties and Occupations in Sports Medicine

e Sports Psychology

e Sports and Society

e Sports and Sports Medicine

e Sports Specific Injuries

e Women and Sports

Entries also contain two significant elements to
guide the reader to more information inside and
outside this encyclopedia. The See also section
comprises cross-references to related entries within
this project. The Further Readings are not a bibli-
ography or references for every fact provided in
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the entry but a select list of readings and websites
that the author chose above hundreds of others for
first-stop research on the subject.

The Encyclopedia of Sports Medicine contains
three items in addition to the alphabetical entries that
combine to make it a unique didactic and reference
source. The Glossary is a list of significant terms with
their definitions, a critical study tool for students of
all medicine programs and a memory aid for
researchers and practitioners. Appendix A is an
astounding compilation of descriptions and photo-
graphs of taping techniques. It covers the materials,
procedures, and postassessment protocols for the
most common of these applications. A related
group of entries are the six on musculoskeletal tests,
with a collection of more than 150 photographs of
important methods for diagnosing injuries
(Musculoskeletal Tests, Ankle; Musculoskeletal
Tests, Elbow; Musculoskeletal Tests, Foot;
Musculoskeletal Tests, Hand and Wrist;
Musculoskeletal Tests, Hip; Musculoskeletal Tests,
Knee; Musculoskeletal Tests, Shoulder; and
Musculoskeletal Tests, Spine). Appendix B is an
extensive list of organizations related to sports
medicine.

As a final note, a little more information about
the Further Readings, as they may be some of the
most valuable items in this encyclopedia: References
can be written in any number of styles, most devel-
oped by and named for a specific organization
representing a large field of study. In this encyclo-
pedia, the items in the Further Readings have, for
the most part, been formatted in accordance with
the American Medical Association (AMA) guide-
lines. However, the AMA is not the only style used
within the medical profession. We have respected
the diversity of our contributors and retained the
journal abbreviations following PubMed guide-
lines. (PubMed, or MEDLINE, is the style used for
references in the U.S. National Library of
Medicine.) Abbreviations for journals indexed in
MEDLINE can be viewed online at http://www
.nlm.nih.gov/tsd/serials/lji.html. The following link
is especially useful and provides a concise explana-
tion of the U.S. National Library of Medicine’s
PubMed style. There are two standard formats in
use—summary format, with article title first, and
author-first summary format (as in the American
Medical Association [AMA] style: see http://www
.nlm.nih.gov/bsd/policy/cit_format.html).






ABDOMINAL INJURIES

Injuries to the abdomen as a result of participa-
tion in sports are uncommon. However, when
such injuries do occur, they can be potentially life
threatening. Therefore, to be sure that these inju-
ries do not get overlooked, it is especially impor-
tant to be aware of the types of abdominal injuries
that may occur and how they may present.

Ten percent of all abdominal injuries result
from sports-related trauma. Abdominal injuries
occur most often in contact sports such as rugby,
soccer, football, and wrestling. Noncontact sports,
including horseback riding, downhill skiing, and
waterskiing, can also result in abdominal injuries
from high-speed deceleration mechanisms. Recrea-
tional activities such as bicycling can cause abdom-
inal injuries from falls and from the impact of

handlebars.

Anatomy

The abdominal cavity is separated from the chest
cavity by the diaphragm. The position of the dia-
phragm varies with respiration. During expiration,
the diaphragm may be as high as the fourth ante-
rior rib. This is important because the abdominal
contents may be raised well into the chest and,
therefore, may be exposed to chest wall trauma.
The peritoneal cavity contains solid organs
including the spleen, liver, and pancreas and hol-
low, viscous organs such as the stomach and the
small and large intestines. Other structures that

may be injured include the lower ribs, the bladder,
retroperitoneal organs (e.g., the kidneys) and spaces,
the abdominal wall muscles, and blood vessels.

Evaluation of Injury

Abdominal injuries may result in serious bleeding
and shock. If an athlete on the field appears to be
in shock, assessment of airway, breathing, and
circulation should be quickly performed by quali-
fied personnel. Paramedics should be called to
transport the athlete to hospital. Intravenous
access should be obtained by trained health care
personnel (doctor, nurse, or paramedic) in two
separate sites with large-bore cannulas, and the
patient should receive rapid infusion of normal
saline solution en route to a trauma center.

Details of Injury

Abdominal injuries in sports are usually caused
by a rapid deceleration or high-energy impact.
Pain may occur immediately or develop more
insidiously. The location, quality, and severity of
pain can help determine what injury has occurred.
Pain may be aggravated by activities such as walk-
ing or coughing. Athletes with abdominal injuries
may also have other symptoms, such as back pain
or blood in the urine.

Physical Findings

It is important to monitor the heart rate and
blood pressure of any athlete who has sustained an



2 Abdominal Injuries

abdominal injury. If the blood pressure is low
and the heart rate is high, the athlete may be in
shock. There may be bruising of the abdomen, as
well as bloating, abrasions, or lacerations at the
site of impact. Palpating the abdomen can deter-
mine the area of greatest tenderness. Contusions
or bruising of the abdominal wall muscles can be
difficult to distinguish from an underlying
abdominal injury. Tenderness with contusions is
usually well localized, and pain may be elicited
through contraction of the affected muscle. With
abdominal injuries, however, tenderness with
palpation may be more diffuse. Up to 50% of
athletes with significant abdominal injury do not
initially have any tenderness to palpation of their
abdomen. If a serious abdominal injury is sus-
pected because of the type of trauma, the injured
athlete should be reexamined by a doctor over
several hours.

Injuries to solid abdominal organs, such as the
liver or spleen, cause bleeding, resulting in irrita-
tion and pain in the abdomen. Pain can initially be
mild, with no palpable tenderness. Injuries to hol-
low organs, such as the bowel, result in peritonitis,
or infection of the abdomen, which can cause
severe pain. The pain is initially localized to the
site of injury, but as the injury progresses, perito-
neal signs, such as referred tenderness and loss of
bowel sounds, develop. Injuries to organs behind
the peritoneal cavity, such as the kidneys, may not
cause peritoneal signs, particularly if trauma is
minor. Blood in the urine may be the only sign of
an injury to the kidneys.

Traumatic injuries to the abdomen may result
in other injuries that may not be immediately obvi-
ous. For instance, injuries to the abdomen may
also cause a chest injury, such as a pneumothorax
(air in the chest outside the lungs). Conversely,
trauma to the lower chest wall, such as the ribs,
may result in injury to abdominal organs, such as
the liver or spleen.

Investigations

An athlete who has sustained an abdominal
injury may be bleeding internally. Blood loss can
be determined by measuring the hemoglobin in the
athlete’s blood. A drop in the hemoglobin suggests
significant blood loss. If a serious abdominal
injury is suspected, a CT scan may show the exact

nature of the injury. The combination of repeated
abdominal examinations and CT scan usually
detects any significant abdominal injury. CT scan
alone can potentially miss clinically significant
abdominal injuries.

Types of abdominal injury:

e Splenic lacerations, contusions

e Splenomegaly, splenic rupture (caused by the
Epstein-Barr virus)

e Liver lacerations, contusions

e Kidney injury

e Pancreas injuries

e Bowel injuries

e Sportsman’s hernia

e Muscle contusions, sprains

Prevention of Injury

Although abdominal injuries are uncommon, cer-
tain injuries may be preventable. Appropriate
safety equipment should be worn for any particu-
lar sport or recreational activity. Attention to
proper sports technique can minimize the inci-
dence of overuse injuries, such as muscle strains.
Conditioning is also very important. Appropriate
core strength will help maximize protection in con-
tact sports, as well as minimize overuse injuries in
noncontact sports.

Return to Sports

Sideline decisions regarding allowing an athlete to
return to play following an abdominal injury
should be based on pain severity and resolution.
Heart rate and blood pressure should be normal,
and there should be no peritoneal signs or signifi-
cant tenderness to palpation on abdominal exam.
In addition, athletes should be able to exercise
without increasing pain.

Specific guidelines vary with the severity of
injury. Solid-organ contusions require a normal
CT scan 2 to 3 weeks before an athlete can return
to practice. A prolonged period of healing is neces-
sary for lacerations or hematomas to solid organs.
If the injury is severe enough to require organ
removal, full healing should take about 6 to 24
weeks. Strenuous activity following organ removal
should be delayed for 6 to 8 weeks, and participa-
tion in contact sports should be delayed for 12 to
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24 weeks, depending on the specific advice of the
surgeon performing the surgery.

Laura Purcell

See also Bowel Injury; Hepatic Injury; Pancreatic Injury;
Trunk Injuries
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ABRASIONS AND LLACERATIONS

Abrasions and lacerations are among the most
common skin injuries seen in athletes.

Abrasions

An abrasion is the result of damage to the epider-
mis (superficial layers) of the skin resulting in
superficial erosions or ulcerations. Abrasions are
caused by friction or pressure forces directed
against the skin. They commonly occur while
skateboarding, cycling, or inline skating. Preven-
tion includes wearing protective clothing and gear.

Cleaning of a superficial wound can be done
with the use of a sterile saline solution and applica-
tion of petrolatum or topical antibiotic ointment. If
the abrasion is deeper than the epidermis, the
wound should be evaluated for foreign body
material. Cleaning of the wound should be more
extensive to prevent infection and permanent dis-
coloration of the skin from the foreign debris.
Wound debridement is important to reduce the risk
of infection. Cleaning of wounds with high-pressure
irrigation is more effective than cleansing with low-
pressure irrigation. Irrigation with an 18- or
19-gauge needle attached to a 20- or 30-milliliter
(ml) syringe provides adequate pressure of 5 to 8
pounds per square inch (psi), or 35 to 55 kilopascals

(kPa), for debridement. Pain can be alleviated with
topical or local anesthesia. Management of ero-
sions or ulcerations may include a hydrocolloid
dressing to aid in wound healing. Hydrocolloid
dressings aid in wound healing by maintaining a
moist environment. They do not require a second-
ary dressing, are fibrinolytic, are absorbent, increase
angiogenesis, and act as bacterial and physical bar-
riers. Infected wounds should be treated with anti-
biotics such as cephalexin 500 milligrams (mg)
twice daily for 10 to 14 days or dicloxacillin 500
mg three times a day for 10 to 14 days.

An athlete may typically return to competition
after proper repair and bandaging of the abrasion
(see Figure 1, p. 4).

Lacerations

A laceration is the tearing of the skin resulting in
an irregular wound. Lacerations are often caused
by impact injury from a blunt object or force. They
commonly occur in contact sports and are the
most common type of sports-related facial injury.
Lacerations may occur after a fall, commonly
occurring on the elbow, knee, or eyebrows. Tissue
injury is typically minimal, and infections are usu-
ally low. However, the laceration may extend
through the full thickness of the skin into the sub-
cutaneous tissue. When the injury occurs over a
bony prominence, such as the brow, cheek, chin,
or teeth, a jagged tear in the skin occurs, with vari-
able skin ischemia and necrosis.

Wound repair is an important process in restor-
ing the skin to its pre-injury state. For acute
wounds, the repair process progresses from coagu-
lation to inflammation, proliferation, cell migra-
tion, and tissue modeling. After an acute injury,
coagulation and inflammation begin immediately.
Clot formation begins with the release of blood
cells and blood-born elements, such as platelets,
from the disrupted blood vessels. Through the
intrinsic and extrinsic pathways, platelets direct
the clotting of the wound and release chemotactic
factors that attract other platelets, leukocytes, and
fibroblasts to the wound. Inflammatory white cells
aid in the debridement of necrotic material and
bacteria. Growth factors are activated because of
the injured environment secondary to hypoxia,
proteases, and low pH. A fibrin plug, consisting of
platelets, is embedded within a meshwork of fibrin,
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fibronectin, vitronectin, and thrombospondin. This
provides a temporary cover for protecting the
wound. When cross-linking of fibrin does not
occur, the function, and likely migration, of kera-
tinocytes is impaired. Keratinocytes proliferate
within the first hours after the injury is sustained.
Within 24 to 48 hours, monocytes are present in
the wound and become macrophages. These are
important for killing bacteria, scavenging tissue
debris, and phagocytosis. The macrophages attract
fibroblasts, which create a collagen network of
fibers. During this stage of proliferation, granula-
tion occurs. Fibroblasts become myofibroblasts,
which help contract the wound and assist with
remodeling. Epitheliazation results in epithelial
cells migrating to the epidermis around the wound
and growing over the granulation tissue.

An individual’s state of health can also impede
the wound-healing process. Deficiency of vitamin
C or zinc can impair wound healing. Vitamin A is
important in epithelialization as well as collagen
production and degradation. However, too much
vitamin A is considered toxic. The estimated toxic
dose is 25,000 international units/kilogram (IU/kg).
Iron deficiency may delay wound healing as iron is
a cofactor in collagen synthesis. Underlying endo-
crine disorders, such as diabetes or corticosteroid
use, can also slow the healing process. Knowing
the athlete’s medical history can be critical to
ensuring a rapid healing process.

Appropriate treatment of lacerations is impor-
tant to decrease the risk of excessive scar forma-
tion and displeasing cosmetic results. Due to the
rich blood supply of the face, lacerations in this
location may bleed significantly. Control of hemo-
stasis is the first step in the management of lac-
erations. Direct continuous manual pressure to
the area of injury with sterile gauze is helpful for
achieving hemostasis. After hemostasis is achieved,
exploration of the wound should be completed to
determine the severity and extent of involvement
of bone, muscle, tendons, nerves, or blood vessels.
Fractures of any underlying bony prominences
should be excluded through initial palpation,
with referral to radiology as needed. Residue,
such as concrete or sand, from the foreign object
that caused the injury may be left within the
wound. Wound debridement is important to
reduce the risk of infection and later reaction to

the foreign body(ies). The wound should be irri-
gated with sterile saline solution. Cleansing of
wounds with high-pressure irrigation is more
effective than cleansing with low-pressure irriga-
tion. Irrigation with an 18- or 19-gauge needle
attached to a 20- or 30-ml syringe provides ade-
quate pressure of 5 to 8 psi (35 to 55 kPa) for
debridement.

The type of wound closure used depends on the
wound. Primary healing occurs when the lacera-
tion is clean and is closed with skin adhesives, tis-
sue tapes (Steri-Strips), or sutures. Secondary
healing occurs when the wound is left open to heal
by the formation of granulation tissue, contrac-
tion, and epithelialization. Typically infected and
burn wounds heal through secondary healing.
Delayed primary closure is often used for lacera-
tions that are not considered to be clean enough
for primary closure. The wound is left open to heal
for 5 to 10 days in a moist wound-healing environ-
ment, and then it is sutured closed. A moist wound-
healing environment includes the use of dressings
that retain moisture to improve pain control, effect
painless autolytic debridement, provide physical
and bacterial barriers, and promote the formation
of granulation tissue. Examples of such wound
dressings are hydrogels, alginates, hydrocolloids,
foams, and films. Hydrocolloids are favorable as
they do not require a secondary dressing, are fibrin-
olytic, are absorbent, increase angiogenesis, and
are bacterial and physical barriers. Delayed pri-
mary closure decreases the risk of infection through
achieving bacterial balance, and granulation tissue
formation creates an optimal environment for the
wound’s oxygen requirements.

Temporary closure of superficial and small lac-
erations can be done with tissue tapes (Steri-Strips)
or butterfly bandages, which aids the wound in
achieving hemostasis and allows the athlete to
resume playing. These are appropriate if the
wound does not exhibit great tension. To ensure
that the strips or bandages are secure, a liquid
adhesive, such as compound benzoin tincture or
2-octylcyanoacrylate, can be applied. The depth
and location of the laceration may also determine
the type of treatment rendered. Full-thickness lac-
erations may require closure with sutures. Deep,
absorbable sutures may be needed for better
approximation of the edges. Nonabsorbable



6 Accessory Navicular

sutures should be used for skin closure, which
should optimally be completed in 8 to 12 hours.
Burst or jagged laceration edges should be trimmed
with a sterile scalpel to create a more linear and
smooth edge, which is better for approximation of
the wound for closure with sutures. The sutures are
typically removed in § to 7 days if they are located
on the face and ears, 3 to 5 days for eyelid sutures,
7 days for neck sutures, and 7 to 14 days for scalp
sutures. Sutures on the trunk and extremities
should be left in place for 10 to 14 days and occa-
sionally longer to reduce the risk of wound dehis-
cence if the closure is under extreme tension. If the
wound is easily approximated with subcutaneous
sutures, then they can be removed in 7 to 14 days.
After removal, the addition of tissue tapes may be
needed to add strength to the healing wound.

With ear lacerations, it is important to com-
pletely cover the exposed cartilage and evacuate
any blood to prevent a hematoma. Hematoma
formation can result in pressure necrosis of the
cartilage, loss of stability and shape of the ear,
and infection. Hematomas should be drained
within 72 hours with the use of an 18-gauge
needle and syringe or through incision and drain-
age. Simple lacerations can be repaired with non-
absorbable, monofilament sutures. When cartilage
is exposed, suturing the skin over the cartilage
should be sufficient as the cartilage itself does not
need sutures. If the cartilage must be debrided,
only up to § millimeters can be removed to pre-
vent ear deformity.

Antibiotics are often not needed for the treat-
ment of simple lacerations. A wound that has
remained open for several hours or is heavily con-
taminated may require a 7- to 10-day course of
antibiotics. Lacerations from human bites may
also require antibiotics, and tetanus prophylaxis
guidelines should be followed.

The athlete may typically return to competition
after proper repair and bandaging of the lacera-
tion. Bandaging can be completed with a sterile,
nonadherent dressing. The location of the lacera-
tion, its severity, and the potential for recurrence
of the injury should be taken into consideration.
The wound will gain in strength 2 to 3 weeks after
the repair, with a peak tensile strength at 2 months.
The final tensile strength is about 70% to 80% of
the pre-injured skin 1 to 2 years later. Full-
thickness wounds are associated with delayed

healing and more scarring. If wound dehiscence or
infection is of concern, the patient should follow
up within 48 hours for a wound check.

Wilma F. Bergfeld and Pamela Summers

See also Ear Injuries; Friction Injuries to the Skin; Skin
Conditions in Wrestlers
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ACCESSORY NAVICULAR

The accessory navicular is an extra bone in the
foot that can become painful. Not every person
with an accessory navicular will have pain.
However, when it is causing pain, it can be diffi-
cult to treat and may necessitate surgical removal.

Anatomy

The navicular is one of the tarsal bones in the foot.
It is located on the inside, or medial aspect, of the
foot, at the arch. The accessory navicular is an
ossicle, or extra bone. Some people are born with
this ossicle.

The posterior tibialis muscle tendon attaches to
the navicular bone. This muscle inverts (turns in)
and plantarflexes (points toward the toes) the
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ankle. This muscle also helps stabilize the medial
arch of the foot. The tendon will insert on the
accessory navicular, which may cause pain and
muscular dysfunction, including loss of the medial
arch (flat foot).

The accessory navicular is present at birth, but
it is then a soft cartilage. It will begin to ossify
(from into a bone) around 9 to 11 years of age. It
is usually connected to the navicular with a fibrous
union. Some physicians believe that approximately
50% will fuse to the navicular in late adolescence,
but this has not been definitively established.

Causes

About 10% of people have an accessory navicular.
However, not that many people have symptoms
related to it. If the ossicle is large, it can cause a large
bump on the medial aspect of the foot. This bump
will rub against shoes and can become very painful.

Also, injuries of the fibrous union between the
accessory navicular and navicular bone can cause
pain. These injuries may destabilize the ossicle,
resulting in abnormal motion. This is analogous to
a fracture. However, the fibrous tissue connecting
the two pieces tends to heal poorly, resulting in
continued pain. The attachment of the posterior
tibialis muscle causes a constant pull and stress on
the ossicle.

If a large portion of the posterior tibialis tendon
attaches to the accessory navicular, it can disturb
the supportive function of the muscle. This leads to
flat foot and an even more prominent accessory
navicular bone.

Clinical Evaluation

Many patients will present in childhood with a
symptomatic accessory navicular. As the accessory
navicular begins to ossify, it may become more
symptomatic. An accessory navicular that has no
symptoms is not problematic, and treatment should
not be initiated unless it becomes symptomatic.

History

Many patients will present in early adolescence
with a painful bump on the inside of their foot. If
they are very athletic, the pain will worsen during
and after activity. Even walking can be painful,

and the pain can eventually become a constant
discomfort. It will generally improve with rest. If
the bump is larger, the patients frequently com-
plain of pain when it rubs against their shoes or if
something hits the bump.

The patient and family often have concerns
about flat foot, which is commonly associated
with the accessory navicular.

Physical Exam

Patients will usually have a flexible (nonrigid)
flat foot. They will have a bony prominence over
the medial aspect of the foot at the arch. This
prominence is painful to palpation. Resistance
testing of the posterior tibialis muscle is often pain-
ful as well.

Diagnostic Imaging

X-ray films should be obtained. Comparison
views of the other foot may be helpful. If the
patient is young, the ossicle may not have ossified
yet, so it may not be seen on X-ray. The accessory
navicular will appear as a distinct ossicle proximal
and medial to the navicular bone.

In a patient with an accessory navicular that is
not clearly the cause of pain, a bone scan or mag-
netic resonance imaging (MRI) may help pinpoint
the diagnosis.

Classification

Type I: A small ossicle located entirely within the
posterior tibialis tendon and separate from the
navicular bone

Type II: The classic accessory navicular, which has
a fibrous connection to the navicular and also has a
portion of the posterior tibialis tendon attached

Type III: A cornuate navicular, which represents a
bony fusion of the accessory navicular to the navicu-
lar, resulting in a bony prominence on the medial
foot.

Treatment
Nonoperative

Accessory navicular treatment is initially nonop-
erative. If the pain is significant, the patient may
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Accessory navicular

Source: Photo courtesy of Kevin D. Walter, M.D., Children’s
Hospital of Wisconsin.

benefit from 4 to 6 weeks with the foot in a fracture
boot or a cast. This should be followed by ankle
strengthening and range-of-motion exercises
designed to return the athlete to full speed of move-
ment without pain. Crutches may be helpful early,
but the patient can bear weight as tolerated.

When the pain is less severe, activity modifica-
tion is the primary treatment. The pain can be
decreased by keeping the athlete from performing
activities that cause pain (usually weight-bearing
activity). During this time, the athlete can try ice
and over-the-counter medications to help control
the pain. The athlete should wear good, supportive
shoes and consider an arch support or orthotic to
help stabilize the arch, which may reduce the pull
of the posterior tibialis muscle. Donut padding
around the painful prominence may be helpful.
Again, exercises designed to improve overall ankle
function through increasing strength, flexibility,

and balance should be instituted when it is possible
to do them without significant pain. It may take
the athlete 4 to 6 weeks to return to full activity
without symptoms.

If the pain subsides and the athlete can return to
full activity, there is no need for any further treat-
ment. The patient should return if symptoms
return at a later date. Athletes who do not get full
relief from activity modification may then need
casting. If the symptoms are not responsive to the
full spectrum of nonoperative care, the patient
should be seen by an orthopedic surgeon.

Operative

The most common operation is the Kidner pro-
cedure. This involves removal of the accessory
navicular and repositioning of the posterior tibi-
alis tendon onto the navicular bone. This requires
significant postoperative immobilization because
the tendon has been manipulated. This procedure
may restore the arch of the foot because of the
improvement in the position of the posterior tibi-
alis tendon.

Some surgeons will remove the ossicle, but there
are concerns that this may disrupt the stability of
the foot and result in poor function of the poste-
rior tibialis muscle, causing it to tire easily.

However, there is a recently developed tech-
nique that allows surgeons to remove the ossicle
and strengthen the attachment of the posterior
tibialis tendon without complete detachment and
reattachment. This allows for a quicker return to
activity without prolonged immobilization.

After surgery and the required immobilization,
the athlete will frequently need physical therapy to
help strengthen the ankle to return it to normal
function. Orthotic use may be helpful in the post-
operative patient who still has flat feet.

Kevin D. Walter

See also Ankle Injuries; Arch Pain; Musculoskeletal Tests,
Foot; Orthopedist in Sports Medicine, Role of;
Orthotics; Posterior Tibial Tendinitis
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ACHILLES BURSITIS

Posterior heel pain in the athlete may be due to any
of a number of causes. Possible diagnoses include
tendinitis, retrocalcaneal bursitis, or Achilles bursi-
tis, to name a few. In this entry, Achilles bursitis—
specifically, bursitis of the retro-Achilles or
superficial bursa—is examined in detail, including
its causes, symptoms, and treatments.

Anatomy

The Achilles tendon is composed of fibers origi-
nating in the muscles of the calf (the gastrocne-
mius and soleus). The tendon is palpable from the
lower one third of the calf down to the calcaneus
or heel bone. In the region where the Achilles
tendon attaches to the calcaneus, there are two
bursae—the retro-Achilles bursa and the retrocal-
caneal bursa—that work together to reduce fric-
tion by the Achilles tendon. The retro-Achilles,
calcaneal, or superficial bursa lies between the
insertion of the Achilles tendon and the overlying
skin. In contrast, the retrocalcaneal bursa—which
is addressed elsewhere—lies between the anterior
surfaces of the Achilles and the calcaneal bone
itself.

Epidemiology/Etiology

The retro-Achilles bursa can become inflamed as a
result of damage to the Achilles tendon or excessive
external (shoe) pressure on the area. This bursa is
the one that is most commonly enlarged. This
enlargement is attributable to overly tight running
shoes and, historically, high heels—leading to its
common name, “pump bump.” Achilles bursitis is

most common in runners but can occur in any
athlete who wears ill-fitting shoes.

Signs and Symptoms

Patients complain of pain over the posterior heel.
Redness, swelling, and significant pain can be
localized to the bursa just under the skin overlying
the Achilles. Usually, this is just below the position
of the shoe’s heel counter. This may be thickened
or enlarged.

Physical Exam

The area, if thickened, may be palpable. To local-
ize the retro-Achilles bursa, the examiner should
lift the skin posterior to the Achilles—the bursa
lies just under the fingers. In contrast, the retrocal-
caneal bursa is localized by pinching the soft tissue
anterior to the tendon. In addition to pain, the
patient will also have decreased passive dorsiflex-
ion, or flexion at the ankle.

Diagnostics

Physical exam is usually sufficient for diagnosis. If
pain is recalcitrant to treatment, X-ray should be
considered to rule out a Haglund deformity.
Another disorder in the differential diagnosis can
be calcaneal stress fracture, which will require fur-
ther imaging to diagnose.

Treatment

Because ill-fitting shoes commonly contribute to
this problem, careful attention to footwear is the
first place to start. Alterations can be made by
changing shoes outright or adding padding to the
shoe being worn. Ice massage is also helpful at
times. As with any superficial bursitis, the physi-
cian can aspirate the bursa and give a small steroid
injection—though this should be done with caution
considering the proximity to the Achilles tendon
and the attendant concern for Achilles rupture.

If this is a chronic problem, consideration
should be given that over time, small bony flakes
or avulsions can become hardened and thickened,
creating a bony prominence in longtime runners.
Treatment for this also includes adding padding or
changing shoes. Heel lifts or orthotics may also be
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helpful in this situation. Surgery is rarely indicated
due to proximity to the Achilles tendon.

Prevention

Catching this problem early facilitates successful
treatment. Athletes should always be aware when
changing shoes that different pressure patterns on
the posterior foot can cause inflammation. If this is
noticed, increasing padding or changing shoes is
the best thing to do.

Jacklyn D. Kiefer and Stephen M. Simons

See also Achilles Tendinitis; Retrocalcaneal Bursitis
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ACHILLES TENDINITIS

Since humans began walking on two legs, the
Achilles tendon likely has been a common site of
injury. Achilles injury is most common among
professional and recreational athletes of all ages,
and the Achilles is the most frequently injured ten-
don in the ankle. Achilles tendinitis is, basically,
pain in and around the Achilles (triceps surae) ten-
don. Terminology varies widely, and terms such as
tendinopathy, tendinitis, partial rupture, parateno-
nitis, tenosynouvitis, and achillodynia have all been
used to describe this entity. For the purpose of this
review, this terminology will be consolidated
under the term tendinitis. Achilles tendinitis is a
multifactorial problem. Everything from anatomy
to footwear can play a role in its development. In
this entry, these causes will be investigated, and
general treatment options will be addressed.

Anatomy

The Achilles tendon is composed of the conjoined
tendon of the calf muscles—the gastrocnemius and

the soleus—and is the largest tendon in the body.
These muscles contribute to the ability to plantar-
flex (point the toes) and give strength to this
motion, as well as absorbing the weight of the
body in ambulation; in short, they give the primary
force needed to walk, run, and jump. The most
distal portion of the tendon has poor blood supply;
this is especially true in the area 2 to 6 centimeters
(cm) above the calcaneus, or heel bone.

Epidemiology

Incidence of Achilles tendinitis is highest among
those who participate in middle- to long-distance
running, track-and-field events, tennis, volleyball,
and soccer. Men seem to be more prone to devel-
oping Achilles tendinitis than women, and it affects
the older athlete more often than the younger ath-
lete. The athlete who is reentering training after a
period of inactivity is also at risk.

Etiology

Achilles tendinitis is largely multifactorial in cau-
sation. In competitive athletes, most of these inju-
ries are attributable to a chronic, repetitive overload
of the tendon unit. In recreational—including
“weekend warrior”—athletes, it is usually due to
acute overloading. In this particular problem, the
most common training error is increasing activity
too quickly. This usually includes increasing mile-
age rapidly, increased interval training, or increased
hill running. Previous in\juries also play a role,
both to the Achilles itself as well as to the sur-
rounding tissues (as in plantar fasciitis). In the
professional athlete, chronic overuse that eventu-
ally results in tendon pain and poor remodeling is
usually blamed.

Anatomic malalignments can also play a role.
Pes planus (flat foot) and pes cavus (high-arched
foot) have both been suggested as contributing
factors to Achilles injuries. These anatomic fac-
tors place increased stress on the Achilles tendon
as a stabilizer of the ankle. Another factor is
decreased flexibility. Tightened muscles in the calf
(particularly the gastrocnemius-soleus complex)
have been suggested to increase the likelihood of
tendinitis.

Improper footwear has also been implicated.
Each individual foot is unique, and with a proper
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shoe the impact to the foot as well as the amount
of pronation allowed can be controlled. Shoes with
soft, unstable casing are not firm enough to resist
compression during foot pronation. Soft heel coun-
ters also do not hold the foot in the right position,
though a too rigid shoe is equally detrimental.

Signs and Symptoms

Individuals will likely present with decreased gas-
trocnemius flexibility, pain, tenderness, and swell-
ing at the site. Crepitus may also be present. Pain
is worse with active plantarflexion (pointing of
toes)—especially when weight bearing. This pain is
generally worse on arising from sleep. The activi-
ties sufferers dread the most include walking up
hills or down stairs. In addition, running and
jumping may become impossible.

Physical Exam

Tenderness is noted along the Achilles. Most com-
monly, a thickened, tender nodule is found on the
proximal one third of the tendon. Pain will occur
with single-legged heel raise of the affected extrem-
ity. Rupture of the Achilles should be ruled out,
though this complaint is usually of a more acute
nature—in contrast to the more insidious onset of
tendinitis. This can be tested by doing the Thompson
Squeeze Test. The patient should lie prone on the
exam table. The calf of the leg is squeezed; if there
is plantarflexion of the foot, the tendon is intact;
however, if it is markedly decreased or absent, it
indicates rupture.

Diagnostics

Though the diagnosis of Achilles tendinitis is
mostly clinical, imaging modalities may be used. If
thickening of the Achilles is observed, some physi-
cians may include X-ray evaluation in the workup.
Musculoskeletal diagnostic ultrasound is also an
option. This can be especially helpful as it can be
performed in the physician’s office, and the patient’s
pain can be a guide. Generally, a heterogeneous
configuration of tendon fibers suggests tendinitis,
and a homogeneous configuration suggests a nor-
mal tendon. Increased blood flow to an area is also
an indicator of injury. If the course is prolonged or
the patient fails to respond to conservative therapy

(usually after 6 months), further imaging may be
necessary. This imaging would include magnetic
resonance imaging (MRI).

Treatment

As with most musculoskeletal injuries, the earlier
the treatment, the better the outcome. Initial treat-
ment should include rest, ice, and the use of acet-
aminophen or nonsteroidal anti-inflammatory
agents such as ibuprofen or naproxyn. Stretching
before exercise is encouraged, in addition to
decreasing mileage, avoiding banked roads and
hills, and changing footwear.

The amount and duration of rest are not well
defined. If the pain occurs only after activity, one
guideline states that training should be decreased by
25%. If the pain occurs with activity but does not
restrict performance, training should be decreased
by 50%. If the pain restricts performance, then the
athlete should discontinue specific sports training,
but substitute exercise (e.g., swimming) would be
encouraged. Rest should continue 7 to 10 days after
the symptoms have subsided. Subsequently, a grad-
ual return to activity is encouraged.

Appropriate shoes should have a flexible sole
and molded heel pad. If the athlete is a pronator
(has a flat foot), orthotic correction is recom-
mended. Heel lifts have also been shown to relieve
the stress to the Achilles tendon; if used, this
should be about 0.5 inch (1.3 cm) high. If this
approach is used, aggressive Achilles stretching
should also be performed since the lift shortens the
Achilles tendon. These lifts are typically used for
several weeks.

In more severe cases, a walking boot may be
considered for temporary unloading. Under no
circumstances should steroid injections be used.
They have been shown to compromise the vascular
system as well as contribute to weakening and pos-
sible necrosis of the tendon.

Physical therapy should include primarily
stretching and eccentric strengthening exercises to
mobilize the tissue. These eccentric exercises can
significantly improve symptoms in 3 to 6 months.
Ultrasound has also been reported to have some
success.

Surgery has been shown to have a limited role in
the correction of Achilles tendinitis. This is primar-
ily because the area most commonly affected has
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poor blood supply, so surgical healing is difficult.
If complete tendon rupture occurs or the injury is
particularly recalcitrant to conservative measures,
a surgeon should be consulted. However, most
experts recommend that a full course of conserva-
tive rehabilitation and therapy be completed before
surgical intervention is considered.

Prevention

Perhaps the best treatment of Achilles tendinitis is
prevention. This can be achieved by knowing and
avoiding the predisposing factors. Resistance train-
ing should be done to increase the strength of the
calf and other lower extremity muscles. A stretch-
ing program can also help maintain or achieve
greater flexibility. Correcting structural defects of
the foot with orthotics can also decrease the chance
of future Achilles injury. Also, understanding the
proper footwear, training surfaces, and training
programs to use helps decrease the extrinsic risks
of developing Achilles tendinitis. As part of these
precautions, warm-ups should be included in any
training program, and if one is starting to train for
a running event or starting exercise after a seden-
tary period, the first week is the most likely to
result in injury. Having “easy days” interspersed
with hard training also allows the body time to
recover. Overall, one can see that this multifacto-
rial problem can only be treated and prevented in
an equally multifactorial way.

Jacklyn D. Kiefer and Stephen M. Simons

See also Achilles Bursitis; Achilles Tendon Rupture; Flat
Feet (Pes Planus); Retrocalcaneal Bursitis
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AcCHILLES TENDON RUPTURE

The Achilles tendon is extremely important in any
activity in sports that involves foot flexion. The
tendon has its origin at the muscle-tendon junction
of the gastrocnemius muscle and inserts on the
posterior calcaneus bone of the ankle. The func-
tion of the tendon is to flex the foot. It is continu-
ally under tension to be able to carry out this
function.

Pathophysiology and History\

Achilles tendon rupture or tear generally occurs in
the third to fifth decade of life. This is a time when
the tendon is aging and not as pliable as in earlier
life, thus making it more prone to injury or dam-
age due to continued microtrauma. Rupture usu-
ally happens to an athlete who is not properly
warmed up or stretched or in someone who has a
naturally tight tendon in sports involving jumping,
such as volleyball, basketball, or dance. When the
tendon is torn, the patient often reports hearing a
“pop” and describes a tearing sensation in the
lower leg. If looking at the patient from behind,
there is often a gap seen between where the Achilles
tendon should be and the edge of the calcaneus
bone. The area then frequently becomes swollen
and bruised. Often, patients report that they can-
not walk correctly as they cannot adequately push
off with the affected foot.

Physical Examination

A patient with Achilles tendon rupture cannot
walk on his or her own. Crutches are often
required. Movement is affected, as the patient can-
not properly plantarflex or flex the affected foot.
Strength is also diminished on the affected side.
The doctor is often able to feel a missing section of
tendon as he or she follows it from the calcaneus
to the gastrocnemius. The examiner also can feel
swelling and sometimes, if enough time has elapsed,
see bruising. The most important physical exami-
nation test to be performed is the Thompson Test.
The patient’s calf is squeezed. If the foot does not
flex at all after squeezing, then the tendon has com-
pletely ruptured. Plain X-rays can often show the
missing tendon, but the best test to see a complete
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tendon rupture is magnetic resonance imaging
(MRI; see Figure I).

Nonoperative Treatment

Treatment can be handled in nonoperative or
operative fashion. Nonoperative treatment is rec-
ommended for those who cannot tolerate surgery,
such as those with associated medical conditions
that could render surgery dangerous. These people
have their leg placed in a cast, with the foot in
flexion for several weeks while using crutches.
This option is generally approached with caution,
as a complication from this treatment may be per-
manent calf weakness. After casting, the patient
uses a heel lift for up to 3 months to assist in heal-
ing. The patient should undergo physical therapy
to restore function. Return to sports is allowed
after the athlete is able to pass provocative testing
that involves simulation of the chosen sport.

Operative Treatment

Operative treatment is recommended for athletes
and the athletic population, including those with
physical occupations. Surgical options have less
risk of permanent calf weakness, provide better

ability to push off, and reduce the chance of rein-
jury from another rupture.

Surgery should be attempted as soon as possible
since the tendon is normally under tension. When
unattached, therefore, the tendon may migrate up
the leg toward the back of the knee. Surgery
includes reattachment of the tendon followed by
immobilization, with the foot in partial flexion for
several weeks to allow healing. During the initial
healing process, patients are kept on crutches and
then progressed through partial weight bearing to
full weight bearing. A heel lift is generally used
after immobilization for 4 to 6 weeks to assist with
recovery. Physical therapy is then begun to restore
motion and function. Total recovery generally
takes several months. Return to sports is generally
permitted after healing is complete, physical ther-
apy is completed, and the athlete can pass pro-
vocative testing in the chosen sport.

R. Robert Franks
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ACROMIOCLAVICULAR (AC)
JOINT, SEPARATION OF

Injury to the acromioclavicular (AC) joint is rela-
tively common during sports participation. Men
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in their 20s are the most prone to sustaining an
AC joint injury. Sports in which athletes are most
at risk for an injury to the AC joint include
hockey, football, rugby, and soccer, although any
contact sport has an increased risk for such an
injury.

Anatomy

The AC joint is a diarthrodial joint connecting the
distal end of the clavicle to the medial acromion.
The ends of these bones are covered with hyaline
articular cartilage and are separated from each
other by a fibrocartilagenous meniscus—type struc-
ture of varying shape and size. The AC joint is
surrounded by a thin capsule that is stabilized by
four strong AC ligaments (anterior, posterior,
superior, and inferior).

The AC ligaments are the primary restraints for
anterior-posterior (AP) translation of the clavicle.
Of the four ligaments connecting the acromion to
the clavicle, the posterior and superior ligaments
provide the most support against displacement. It
is, therefore, important to maintain their integrity
when performing surgical procedures involving the
AC joint.

The coracoclavicular (CC) ligament is the pri-
mary restraint against superior and inferior trans-
lation of the distal clavicle. It connects the inferior
surface of the clavicle to the base of the coracoid.
The CC ligament is made up of two ligaments—
the conoid and trapezoid ligaments. The trapezoid
ligament is the more lateral of the two ligaments
and also acts as a primary restraint to compression
of the AC joint. The normal radiographic distance
between the coracoid and the clavicle is 1.3 centi-
meters. This is clinically important when differen-
tiating incomplete versus complete AC joint
separations.

Etiology

Most injuries to the AC joint occur by direct
trauma. The classic mechanism of injury to the
AC joint is an impact to the lateral aspect of the
shoulder with the arm held in adduction. Because
of the stronger ligamentous stability of the ster-
noclavicular joint, the majority of the force
sustained during a traumatic event is directed
to the AC joint. Falling on an outstretched

Figure | Acromioclavicular Joint Showing Separation

Note: Acromioclavicular joint separation is a sprain (stretch
or tear) of the ligaments that connect the scapula (shoulder
blade) to the clavicle (collarbone).

hand can also injure the AC joint. With this
mechanism of injury, the humeral head is forced
upward, driving it into the undersurface of the
acromion.

Classification

The Rockwood classification of AC joint injuries
separates them into six different types. Type I
injuries are characterized by a sprain of the AC
ligament with no injury to the CC ligaments.
Because both ligaments remain intact, no radio-
graphic abnormality is present. In a Type II
injury, the AC ligament is completely disrupted,
and the CC ligaments are sprained. On radio-
graphs, there is less than 25% superior displace-
ment of the distal clavicle with respect to the
acromion. In AC joint injuries of Types III to VI,
both AC and CC ligaments are completely dis-
rupted. The clavicle displaces superiorly between
25% and 100% in a Type III injury and greater
than 100% in a Type V injury. In a Type IV AC
joint injury, the clavicle is displaced posteriorly
into or through the trapezius muscle. The clavicle
is displaced inferiorly in relation to the acromion
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and can even be found inferior to the coracoid in
a Type VI injury (Figure 1).

Clinical Presentation

Patients who sustain an AC joint dislocation local-
ize pain to the AC joint itself. They may complain
of pain radiating to their neck and deltoid. The AC
joint may also be swollen. The upper extremity is
often held in adduction with the acromion
depressed. The clavicle may appear elevated due to
the depressed acromion.

The classical presentation is a triad of point
tenderness, pain over the AC joint with cross-arm
adduction, and relief of symptoms with an injec-
tion of a local anesthetic at the AC joint.

Physical Exam

The physical examination of the patient with
an injured AC joint should include a neurovas-
cular examination of the upper extremity. The
contours of the patient’s bilateral shoulders
should be compared. In a severe AC joint
injury, the shoulder may appear depressed,
with a prominent distal clavicle. The AC joint
is often swollen and may be tender to palpa-
tion. Tenderness along the CC ligaments and at
their insertion on the coracoid is helpful in
determining the extent of the injury. After an
acute injury, range of motion is often restricted,
and the patient may not be able to perform spe-
cialized tests.

The cross-arm adduction test is a specialized
test that examines the patient for pain at the AC
joint by placing compression across the joint. It is
most useful for minor or chronic AC joint injuries.
It is performed with the arm elevated to 90° and
then adducted across the chest with the elbow bent
to approximately 90°. Pain at the AC joint with
this maneuver is a positive test.

The O’Brien test with pain referred to the
AC joint can also be indicative of injury to the
AC joint. The test is performed by flexing
the shoulder to 90°, pronating the arm so that
the thumb is pointing toward the ground, and
adducting the arm approximately 15° from the
sagittal plane. The patient then resists a down-
ward force placed on the distal forearm by the
examiner.

The sternoclavicular joint should also be exam-
ined to rule out multiple ligament injuries.

Imaging

The AC joint is best visualized when one third to
one half of the X-ray penetration required for
glenohumeral joint exposure is used. Standard
views of the injured shoulder should include AP,
lateral, and axial views (the axial view helps dif-
ferentiate a Type III from a Type IV injury). A
Zanca view is a specialized view for imaging the
AC joint. It is performed by tilting the X-ray beam
10° to 15° cephalad and using only 50% of the
standard shoulder AP penetration strength. The
Zanca view is the most accurate view for deter-
mining the position of the distal clavicle in rela-
tion to the acromion.

A comparison view of the uninjured shoulder
can be taken to determine the normal AC and CC
joint spaces. Stress or weighted radiographs have
not been found to be useful and are no longer a
routine part of the work-up of an AC joint injury.

Treatment

Conservative treatment is recommended for Types
I and II and most Type III AC joint injuries.
Treatment should include ice, analgesics, and sling
immobilization for 3 to 7 days. Return to sports is
allowed 1 to 2 weeks after Types I and II injuries
and 4 to 6 weeks after a Type III injury. Football
players may benefit from cutout pads to reduce
contact with the AC joint when returning to play.

Treatment for Type III injuries is controversial.
Most physicians recommend an initial trial of nonop-
erative treatment in most cases, including those inju-
ries in professional athletes. An operative approach
is, however, considered by some physicians for
throwing athletes (particularly baseball pitchers) and
people who do heavy labor, whose activities place
substantial demands on the upper extremity.

Methods of operative fixation for AC joint
injuries include direct ligament repair or liga-
ment reconstruction. Repairs can be augmented
with sutures or metallic screws. Ligament recon-
struction can be performed by transferring the
coracoacromial ligament into the end of the
resected distal clavicle or anatomically with an
allograft.
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After Surgery

Following ligament reconstruction, the arm is sup-
ported with a sling and swathe for 4 to 6 weeks.
At the 2-week follow-up, gentle range-of-motion
exercises with the patient in the supine position are
begun. Strengthening and range-of-motion exer-
cises with the arm unsupported in the upright posi-
tion should be delayed for 4 to 6 weeks to allow
the repair sufficient time to heal. Heavy-weight
training and return to sports is allowed at 3
months postoperatively.

Jeffrey Vaughn

See also Musculoskeletal Tests, Shoulder; Shoulder
Dislocation; Shoulder Injuries; Shoulder Injuries,
Surgery for; Shoulder Subluxation
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ACUPUNCTURE

Throughout the United States and around the
world, people practice what has come to be
known as complementary and alternative medi-
cine. This is medicine that is used as a comple-
ment or alternative to conventional Western
medicine. One of the most widely recognized
practices within complementary medicine is the
ancient art of acupuncture. Acupuncture is an
age-old practice of working with the body’s natu-
ral energy flow to achieve balance. Practiced by

trained and licensed practitioners, its current uses
are many and varied, and its practice is safe and
effective.

This entry reviews the philosophy of acupunc-
ture, its methods and uses in and out of the athletic
arena, current research on acupuncture, and its
future directions.

Philosophy of Acupuncture

Part of traditional Chinese medicine, acupuncture
is used to promote health and to maintain the bal-
ance of yin (cold, slow, passive principle) and yang
(hot, excited principle). Acupuncture is practiced
using a variety of techniques to stimulate specific
points on the body and unblock the flow of energy
(qi) along the body’s meridians and, thus, achieve
balance.

Practitioners and Practice of Acupuncture

Although the stimulation of specific body points
can be practiced in several different ways, the
most common acupuncture technique involves the
use of thin, solid, stainless steel needles of varying
length and gauge, placed at specific body points
along the meridians. These needles may be stimu-
lated by movement or by electrical current. The
needles themselves are regulated by the Food and
Drug Administration (FDA) and are required to
be sterile, nontoxic, single use, and used by a
licensed practitioner. Another commonly used
method of stimulating the body is acupressure, in
which the specific body points receive manual
manipulation with the therapist’s hands and fin-
gers instead of needles.

Although acupuncture practitioners can come
from several different professional bases, most
states require a license of some kind, although the
requirements for attainment of that license (i.e.,
the specific training) may vary. Although it may
seem harmless, potentially dangerous side effects
of acupuncture, if performed by an untrained
practitioner, include infection and punctured
organs. Licensed acupuncturists are those who
have studied for 3 or more years in an Oriental
college of medicine. Chiropractors can practice
acupuncture, provided they have received addi-
tional training in acupuncture. Physicians and
dentists can also add acupuncture to their practice
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if they obtain additional training in acupuncture,
although the length of required training varies by
state, to a maximum of 300 hours. Physicians may
also become board certified in acupuncture by the
American Board of Medical Acupuncture.

Like other health care visits, acupuncture visits
follow a certain format. Typical acupuncture ses-
sions include a discussion of the individual’s
medical history (e.g., medical conditions, men-
strual cycle, eating and sleeping habits), as well as
an examination of the patient’s posture and men-
tal state (e.g., tone of voice, emotional stress).
Sessions can vary in length, although once the
needles are in, they usually last from 20 to 30 min-
utes. Though acupuncture can be used alone, ses-
sions are often accompanied by the use of Chinese
herbs, often in the form of an infusion (tea). Many
sessions may conclude with recommendations for
some lifestyle changes (e.g., change in diet, physi-
cal activity).

Uses of Acupuncture

Acupuncture has been employed in treatment of a
variety of conditions, ranging from mental condi-
tions and headaches to immune disorders, muscu-
loskeletal problems, and asthma. Acupuncture is
extensively used in the sporting arena. Many ath-
letes have found acupuncture an effective method
of pain control. Acupuncture has also been used to
treat musculoskeletal injuries, as well as to improve
performance and prevent injuries. As an adjunct to
appropriate training, acupuncture promotes mus-
cle building and glycogen storage, stimulates sub-
strate usage at the time of performance, and treats
injuries or other chronic conditions that might
affect performance.

Acupuncture has also found its way into the
operating room. Acupuncture analgesia is one of
the main methods of providing operative analgesia
in Beijing and has been found to be beneficial in
neurosurgery, thyroid surgery, tonsillectomies, and
some open-chest surgeries. Acupuncture research
has also demonstrated reduced dependence on
conventional pain medications and a decrease of
brain activities associated with pain on magnetic
resonance imaging (MRI). Although further
research is needed, some studies have demon-
strated improvement in asthma symptoms with
acupuncture, resulting in a decrease of symptoms

from exercise-induced asthma when acupuncture
was provided before the activity. Acupuncture
research has also shown better control of allergic
symptoms in patients using acupuncture in con-
junction with herbs. Studies of acupuncture and
acupressure have demonstrated a decrease in nau-
sea and vomiting in patients after surgery and in
those undergoing chemotherapy. The relief and
prevention of headaches is another of the studied
benefits of acupuncture. Acupuncture has also
been noted to promote fertility by improving fertil-
ity-related functions, such as improvement in
sperm count as well as improved follicular health
and ovulation and increased vaginal lubrication.

Acupuncture has been found to be successful in
treating addiction to illicit substances. As it is
believed that addiction is a self-directed attempt to
balance gi, acupuncture is said to balance gi and
has been shown to stimulate the release of endor-
phins by the peripheral nerves, resulting in increased
feelings of well-being, and to provide relief from
withdrawal symptoms. Studies have also demon-
strated greater relapse prevention with auricular
acupuncture. With other mental health conditions,
acupuncture helps decrease the duration of hospi-
talization, as well as improving social interactions,
mood, and sleep.

Research and Future Directions

As with many practices of complementary medi-
cine, acupuncture research designs of the past have
been difficult to interpret. Currently, the National
Institutes of Health (NIH) are conducting several
studies on acupuncture, relating to the treatment
of low back pain, how acupuncture works, and
meridians and gi flow. With growing research in
acupuncture, practitioners believe that it will
increasingly complement and integrate with con-
ventional medicine. Currently, one third of con-
ventional medical schools have curricula that
include acupuncture.

Nailah Coleman

See also Bioenergetics of Exercise and Training;
Biofeedback; Circadian Rhythms and Exercise;
Complementary Treatment; Electrical Stimulation;
Electrotherapy; Future Directions in Sports Medicine;
Imagery and Visualization; Manual Medicine;
Psychological Aspects of Injury and Rehabilitation



18 Aerobic Dance, Injuries in

Further Readings

National Center for Complementary and Alternative
Medicine. Acupuncture: an introduction. http://www
.nccam.nih.gov/health/acupuncture/introduction.htm.
Accessed April 7,2010.

Rakel D, ed. Integrative Medicine. 2nd ed. Philadelphia,
PA: Saunders Elsevier.

Trivieri L Jr, Anderson JW, eds. Alternative Medicine: The
Definitive Guide. 2nd ed. Berkeley, CA: Celestial Arts.

AEROBIC DANCE, INJURIES IN

Among the many current approaches to improv-
ing cardiovascular fitness is aerobic dance. As
with any aerobically oriented conditioning pro-
gram, the goal is to increase the participant’s car-
diovascular strength, muscular endurance, and
overall wellness. This entry explores the common
forms of aerobic dance and how it became popu-
lar, as well as common injuries and the ways to
prevent them.

Aerobic dance, more commonly called aerobics,
is practiced in a class format, often located in com-
munity centers, gyms, and fitness centers, but can
it also be performed at home using videos or video
game consoles. A group fitness instructor leads the
class to music with an upbeat tempo so that the
participants’ heart rates are between 65% and
85% of their maximal heart rate during exercise.
Sessions range in length from 30 minutes to
2 hours.

In 1968, Kenneth Cooper published his highly
successful book Aerobics; aerobic dance entered
the fitness industry in the early 1970s, popularized
by entertainment and media figures including Judi
Sheppard Missett, Richard Simmons, Jane Fonda,
and Billy Blanks.

Aerobic dance can be performed as step aero-
bics, Jazzercise, Zumba, and lightweight resistance
training in the form of circuit training. What each
of these has in common with the others is the
repetitive dynamic nature of moving one’s body
through different planes of motion with other fit-
ness participants who have similar fitness goals.

Step aerobics, more commonly called aerobics,
became popular in the 1980s. It is high impact
and has participants stepping up and down in all

planes of motion at variable speeds and rhythms.
The height of the plastic platform (step) can be
adjusted to increase or decrease the intensity of
the exercise. The popularity of the original form
of step aerobics has diminished somewhat in the
past decade with the introduction of modified ver-
sions in an effort to counter the increased ten-
dency to injury and with the advent of low-impact
aerobic dance classes. The low-impact versions of
step aerobics reduce the risk of injury by having
exercisers keep one foot always in contact with
the surface of the step or floor. With either type of
step aerobics, the beat or tempo of the class is kept
at either 32 or 64 beats steps™ minute™'. Common
injuries associated with step aerobics are patellar
tendinitis, Achilles tendinitis, and low back pain.
Participants can significantly reduce the chance of
these common overuse injuries by being more
thorough with their stretching regimen and by
cross-training with resistance training and other
forms of aerobic exercise.

Low-impact aerobics can come in other forms,
such as Nia and Zumba. Nia began in the 1980s
and is a blend of several well-known forms of
exercise, such as yoga, tai chi, jazz dance, and
modern dance. This holistic alternative to step
aerobics is popular worldwide and is taught by
more than 2,100 instructors.

Zumba originated in the early 2000s and is
based on Latin rhythmic dance and creative multi-
planar movements; it is currently taught in fitness
centers in more than 70 countries around the
world. Participants are engaged by a dynamic
blend of music and the excitement of an enthusias-
tic instructor.

Jazzercise was established in 1969, just a year
after the publication of Aerobics. Currently,
according to Jazzercise.com, this form of aerobic
dance has 7,800 instructors teaching more than
32,000 classes weekly in more than 30 countries.
Jazzercise combines movements seen in yoga,
Pilates, kickboxing, and resistance training.

There are a multitude of aerobic dance modal-
ities, each with its own unique style of exercise
selection, movement, beat/tempo, and interaction
between the instructor and the participants. As
with step aerobics, all styles of aerobic dance
have an inherent risk of injury. The sheer volume
of repetitive motions during aerobics that are not
typically sustained in activities of daily living
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render participants susceptible to the following
common overuse injuries:

e Plantar fasciitis
e Heel spurs

e Shin splints

e Sesamoiditis

e Turf toe

e Achilles tendinitis
e Patellar tendinitis
e Knee bursitis

Often these overuse injuries are just a symptom
of kinetic chain dysfunction and muscular asym-
metries. Symptoms of injury may appear in one
area of the body when the “real” or original injury
causing these symptoms is in a completely different
body part. For example, low back pain can actu-
ally be a symptom of tightness in the hip flexor,
but the hip will go untreated because of the mis-
taken belief that it is the back that needs to be
“fixed.”

It is prudent for participants to consult their
physician prior to engaging in an aerobic dance
program. People who are just starting exercise
should meet with a certified fitness professional or
personal trainer for an initial exercise assessment.
The fitness professional/personal trainer will be
able to provide a novice exerciser with a subjective
and objective assessment of needs in order to help
prescribe the right blend of exercises to prevent the
risk of overuse injury due to preexisting muscular
asymmetries. Most fitness centers that host aerobic
dance classes also have certified personal trainers
who will provide a brief initial assessment of needs
and exercise for first-time users. With a clean bill
of health from their doctor, participants can enjoy
the physical fitness benefits of aerobic dance.

Samuel L. Berry

See also Achilles Tendinitis; Knee Bursitis; Patellar
Tendinitis; Plantar Fasciitis and Heel Spurs;
Sesamoiditis; Turf Toe
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AEROBIC ENDURANCE

Endurance training is regular participation in an
exercise program designed to enhance endurance
and increase muscle resistance to fatigue. Aerobic
energy metabolism is the process by which the
body produces energy in the presence of oxygen.
Aerobic metabolism is the primary form of energy
production during endurance activities such as
long-distance running, cycling, swimming, and
rowing. Endurance training aims to maximize
aerobic energy metabolism through adaptations in
the heart, lung, and muscle systems. This type of
training can result in improvements in general
health, physical fitness, and sports performance
while also speeding recovery and rehabilitation
from injury or illness.

Background: Energy Metabolism

The body breaks down food in the form of carbohy-
drates, fats, and proteins to produce energy in the
form of adenosine triphosphate (ATP). ATP is the
substrate that most cells in the body use as an energy
source. ATP can be produced by cells either with
or without oxygen. Aerobic metabolism is the pro-
cess by which the body breaks down food to pro-
duce ATP in the presence of oxygen. This type of
energy metabolism is used during longer-duration,
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moderate-intensity activities such as jogging.
Anaerobic metabolism is the process by which
body cells quickly produce ATP on demand with-
out relying on oxygen. Muscle cells use anaerobic
metabolism for short-duration, high-intensity
activities such as sprinting. This type of energy
production is short-lived, however, because in
addition to producing ATP, anaerobic metabolism
also produces lactic acid. Lactic acid accumulation
in muscles produces early fatigue. The lactate
threshold is the point at which lactic acid buildup
in the muscles begins to impair performance.

Endurance Training

Power and speed exercises rely primarily on anaer-
obic metabolism, while endurance activities mostly
use aerobic metabolism to produce ATP. Because
lactate is not produced during aerobic metabolism,
the muscles are able to continue to function with-
out developing early fatigue. Thus, the body is able
to continue endurance activities for longer periods
of time.

All exercise activities depend on the complex
interaction between the cardiovascular (heart and
blood vessels), pulmonary (lungs), and neuromus-
cular (nerves and muscles) systems. Oxygen enters
the bloodstream through the lungs, the heart
pumps the oxygen in the blood through the blood
vessels to the muscles, and the muscles use the
oxygen in the blood to produce energy through
aerobic metabolism. Endurance training is the pro-
cess by which the body increases the capacity of
the heart, lungs, and muscles to produce energy so
that the duration and intensity of exercise can be
maximized and the onset of muscle fatigue is
delayed.

During exercise, both the heart rate (the num-
ber of heartbeats per minute) and the stroke vol-
ume (the amount of blood pumped out with each
heartbeat) increase. This produces a significant
increase in the cardiac output (the amount of
blood the heart pumps per minute). During exer-
cise, both the respiratory rate (the number of
breaths per minute) and the diffusion capacity (the
ability of the lungs to absorb oxygen into the
blood) increase. This causes an equally increased
amount of oxygen to be absorbed into the blood-
stream through the lungs. Endurance training pro-
duces measurable increases in both the stroke

volume of the heart and the diffusion capacity of
the lungs. This allows more oxygenated blood to
get to the muscles during exercise. Thus, more
energy can be produced through aerobic metabo-
lism. This prevents lactic acid from building up in
the muscles and causing early muscle fatigue.

Endurance training also produces measurable
differences in the muscles. Muscles become both
stronger and more efficient at extracting oxygen
from the blood. This occurs through an increase in
muscle size, an increase in the number of tiny
blood vessels inside the muscles, and an increase in
the ability of muscle cells to produce energy
through aerobic metabolism.

Measuring Aerobic Fitness

Aerobic fitness can be directly measured with spe-
cial equipment that is used to determine the
amount of oxygen the athlete consumes per min-
ute. This figure, called the “Vo,,” can be quanti-
fied and steadily increases as the athlete’s fitness
improves. Another way to measure aerobic fitness
is to measure how much lactic acid is accumulating
in the blood during exercise. This is done with a
blood test following a defined activity. Lower lac-
tic acid levels in the blood following exercise indi-
cate a higher level of aerobic fitness. This shows
that the muscle cells are relying on aerobic metab-
olism and avoiding anaerobic metabolism for
energy production. Studies have shown that
untrained athletes reach their lactate threshold at
lower levels of Vo, than trained athletes, indicating
that lactic acid buildup occurs slower as fitness or
endurance level increases.

Children and Adults

Growing children are still developing their heart,
lung, and muscular systems. Compared with
adults, children use more oxygen and have higher
heart rates, lower stroke volumes, and higher
respiratory rates during exercise. Because their
muscular system is still developing, children exer-
cise less efficiently than adults and require more
energy for any given task. Children also produce
more heat and have less efficient cooling systems
(i.e., they sweat less) than adults. This makes chil-
dren more susceptible to changes in climate than
adults. On a positive note, children do recover
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more quickly and experience less pain with intense
workouts.

Aerobic endurance has been studied in children
and is noted to steadily improve throughout child-
hood. The greatest increases in aerobic fitness are
seen during puberty, which may be related to hor-
mone production and muscular development.
Endurance training can produce measurable
increases in fitness in children, just like it can in
adults. However, for unknown reasons, endurance
training in children produces only about one third
of the increase in aerobic fitness as compared with
what would be expected for adults following a
similar training program.

The Ideal Endurance Training Program

An endurance training program consists of activity
duration, frequency, and intensity. Typical fre-
quency and duration for aerobic endurance train-
ing programs are three to five sessions per week at
30 to 60 minutes per session. Activity intensity
may be the most important factor in producing
measurable increases in aerobic endurance. Studies
have shown that aerobic fitness increases signifi-
cantly following high-intensity exercise. Activity
intensity is usually quantified as a percentage of
the maximum heart rate. The maximum heart rate
of an athlete can be estimated by subtracting the
age of the athlete from 220. High-intensity exer-
cise occurs when the athlete’s heart rate reaches
80% of its maximum.

Training Errors

The most common training error is “too much too
soon.” Sudden increases in training duration, fre-
quency, or intensity are likely to lead to pain and
injury. A prudent way to increase training activities
is to follow the “10% rule”: Do not increase the
duration, frequency, or intensity of an activity more
than 10% per week. Children are especially suscep-
tible to overuse injuries from overtraining. Before
starting any training program, a preparticipation
exam and adequate rehabilitation from all injuries
is vital. Ignoring persistent pain, especially in chil-
dren, can lead to significant injuries, including stress
fractures and osteochondritis dissecans lesions.

Dennis E. Kramer

See also Exercise Physiology; Exercise Prescription; Knee,
Osteochondritis Dissecans of the; Stress Fractures
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AIR POLLUTION, EFFECTS
ON EXERCISE AND SPORTS

Air pollution is a problem for all, but it can be a
particular problem for athletes. During exercise,
both the tidal volume (the volume of one breath)
and the respiratory rate increase, resulting in a min-
ute ventilation (the amount of air inhaled in 1 min-
ute) of up to 20 times the resting values. Because of
increased ventilation, there is greater delivery of air
pollutants to the athlete’s airway, which magnifies
the deleterious impact of airborne toxins. Also,
breathing during exercise is largely through the
mouth and not the nose; thus, inhalation bypasses
one of the usual means of air filtration, which fur-
ther increases toxin exposure. Finally, exercise may
increase the ease with which compounds cross
from the air into the bloodstream. The increased
exposure of the athlete is in direct proportion to the
level of aerobic work in a given sport and the dura-
tion of the exercise; it also depends on the location
of the activity, with greater exposure to air pollut-
ants outdoors. Thus, the a marathoner or a cyclist,
who may exercise aerobically for hours out of
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doors, would be expected to suffer more than a
swimmer or a weight lifter.

Air Pollution: An Ongoing Concern

Airborne toxin inhalation by athletes has been
highlighted in the media during the preparations
for many Olympic Games, including the 1984
games in Los Angeles, the 1996 Olympics in
Atlanta, the 2004 Athens Olympics, and the recent
2008 games in Beijing. Since vehicle exhaust is a
major source of air pollutants, Olympic cities have
often initiated strict traffic control policies in the
months leading up to the games. For example, prior
to the 1996 Olympic games in Atlanta, an inte-
grated 24-hour public transportation system was
established, park-and-ride services were instituted,
telecommuting and alternate work hours were
encouraged by businesses, delivery schedules were
altered, and the downtown was closed to private
automobile traffic. During this time, all measured
pollutants, including ozone, particulate matter <10
micrometer (pm), carbon monoxide (CO), nitrogen
dioxide (NO,), and sulfur dioxide (SO,), decreased
significantly. Interestingly, also during this time,
pediatric emergency room visits and hospital admis-
sions for asthma were also reduced by over 40%,
suggesting that the reduction in air pollution also
benefited other vulnerable populations. Beijing,
home of the 2008 summer games, is one of the
most polluted cities in the world, and it faced simi-
lar challenges in improving air quality in anticipa-
tion of the Olympics. While their efforts produced
the best air quality the city has experienced in 10
years, the levels on most days did not reach the
World Health Organization safety limit of an Air
Pollution Index (API) of 50. In the weeks and
months leading up to the games, some athletes
announced that they would not be participating
due to pollution-related health concerns.

Relationship Between Air Pollution
and Athletic Performance

But how exactly do pollutants affect athletic per-
formance? This depends not only on the sport but
also on the specific pollutant in question. The U.S.
Environmental Protection Agency (EPA) and simi-
lar agencies around the world track the levels of
six principal air pollutants, including ground-level

ozone, particles, nitrogen dioxide, carbon monox-
ide, sulfur dioxide, and lead (Table 1).

In addition, volatile organic compounds, a
group of airborne hazardous toxins produced by
both industrial and natural sources, also have
adverse health effects that can be amplified by
exposure during exercise.

Ground-Level Ozone

Ground-level (trophospheric) ozone (trioxygen,
0,) is the product of reactions between nitrogen
oxides and volatile organic compounds containing
hydrocarbons. Both of these substrates are pro-
duced by combustion from cars, industrial and
power plant emissions, gasoline vapors, and chemi-
cal solvents, as well as by some sources in nature.
Because ozone depends on light for its production,
ozone levels tend to be higher on bright sunny sum-
mer days. Also, since its removal from the air
depends largely on it being deposited on the ground,
lack of rain to “wash away” pollutants will result
in the accumulation of ozone. These two environ-
mental factors, coupled with air current patterns,
have a significant impact on the amount of tropho-
spheric ozone. While stratospheric ozone helps
protect us by diffusing harmful ultraviolet radiation
from the sun, trophospheric ozone has potentially
deleterious health effects. Ozone is known to trig-
ger exacerbations of asthma, increase reactivity to
histamine and methacholine, and aggravate bron-
chitis in animal models and clinical trials. Heavy
exposure results in cough, chest pain, throat irrita-
tion, dyspnea, nausea, headache, and congestion. It
can reduce lung function, cause pulmonary inflam-
mation, and with repeated exposure can result in
scarring of the lung and declining lung function.

At rest, an ozone level of 0.4 parts per million
(ppm) has been demonstrated to alter airway hyper-
reactivity in normal subjects; however, during moder-
ate exercise, the level of ozone associated with the
development of bronchospasm (airway constriction)
may be closer to 0.1 to 0.2 ppm. Independent of
exercise, exposure to a high level of ozone
(>1 ppm) is associated with increasingly severe respi-
ratory symptoms, and an exposure to 50 ppm for 30
minutes is considered potentially lethal. Ozone may
also potentiate the impact of other inhaled pollutants
and allergens. For example, ozone pretreatment has
been demonstrated to potentiate bronchoconstriction
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in response to sulfur dioxide, another of the six com-
monly tracked air pollutants. Thus, the deleterious
impact of air pollutants appears to be synergistic, and
because vehicular exhaust is a common source of
many pollutants, environmental exposures are also
usually concomitant. Interestingly, although chronic
respiratory decline may persist, there appears to be a
reduction in the severity of acute respiratory responses
to ozone following chronic ozone exposure.

Particle Pollution

Particle pollution is likewise an important fac-
tor in air quality. There are two EPA-recognized
categories of particle air pollutants: (1) particles
less than or equal to 2.5 um in diameter (PM, ), or
fine particles, and (2) those 2.5 to 10 wm in diam-
eter (PM,,). Particles 10 um or larger are typically
deposited on the nasal septum; however, this filter-
ing is bypassed during exercise, when most athletes
breathe through their mouths. Particles between 2
and 10 um are typically deposited in the branching
airways of the lung, while particles in the 0.2- to
2-um range are usually deposited in the alveoli,
where they are cleared by intra-alveolar cells or
absorbed and cleared by the lymphatic circulation.
Particles less than 0.2 um were previously believed
to be exhaled; however, growing evidence suggests
that these can also be deposited in the alveoli and
absorbed into the bloodstream.

PM, ; particles are of particular importance
regarding health consequences. Although their
chemical composition varies, these particles include
sulfate, nitrate, organic carbon, elemental carbon,
and organic crust materials. Sources include power
generation, car and truck emissions, fertilizers and
animal feed, wildfires, and metallurgical mining
operations. Exposure has been associated with
cough, shortness of breath, impaired lung func-
tion, chronic bronchitis, and reduction in normal
heart rate variability. Recent evidence supports an
association between exposure and myocardial
ischemia, heart attack, and premature death. These
risks appear to be magnified by exercise.

Carbon Monoxide

Carbon monoxide levels are also closely moni-
tored. Carbon monoxide displaces oxygen from
hemoglobin; thus, inhalation of high levels impairs

oxygen delivery, which not only limits athletic per-
formance but also may impair other oxygen-
dependent body functions. The primary source of
carbon monoxide is vehicle exhaust, and in cities
an estimated 95% of carbon monoxide is pro-
duced by motor vehicles. A study of runners in
New York City found that carbon monoxide levels
increased from 1.7% to 5.1% following a %2 hour
of running near a busy roadway. The elevated level
is equal to the typical carbon monoxide level of a
chronic cigarette smoker. Carbon monoxide is also
identified as exacerbating adverse respiratory and
cardiovascular responses to other inhalants, includ-
ing particulate matter and sulfur dioxide.

Sulfur Dioxide and Nitrogen Dioxide

Like many other pollutants, sulfur dioxide and
nitrogen dioxide are produced by burning fuels.
Sulfur dioxide is also a common by-product of oil
refining and manufacturing and of metal ore extrac-
tion. Both cause acute bronchoconstriction, which
can be magnified during exercise. Sulfur dioxide
and nitrogen dioxide also both combine with other
chemicals in water to produce acid rain.

Volatile Organic Compounds

A final class of chemicals that can be discussed
in this context are volatile organic compounds.
These too are contained in car exhaust, and levels
are increased near busy roadways. Common exam-
ples include benzene, chloroform, toluene, ethyl-
benzene, and xylene. Many of these are known
carcinogens. Benzene, for example, has been linked
with both leukemia and lung cancer. In one study,
after only 20 minutes of running along a busy road-
way, levels of toluene, ethylbenzene, and xylene
were significantly increased compared with the pre-
exercise levels; thus, as with other airborne pollut-
ants, exercise in polluted environments increases
the exposure of the athlete to these toxins.

Pollution is a worldwide concern. The Kyoto
Protocol is an international agreement signed in
December 2007 to address global warming through
the reduction of environmental pollutants. The
agreement expires in 2012, and negotiations are
under way for a new international agreement to
take its place. Recent efforts exploring alternative
energy resources, such as electric and hybrid cars,
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which are designed to reduce dependence on fossil
fuels, are also likely to result in improved environ-
mental conditions. As these efforts move forward,
it is likely that the world will become a healthier
place for athletes and nonathletes alike.

Dawn Ann Ericson

See also Allergies; Asthma; Asthma, Exercise-Induced;
Outdoor Athlete
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ALCOHOL AND EXERCISE

The consumption of alcohol has always been
thought to help in relaxation, mood alteration,
and increasing sensory pleasure. Reducing stress
and inducing relaxation have often been cited by
athletes and habitual exercisers as the main reason
for their alcohol consumption.

Research for many years has focused on the
consumption of alcohol and its implications for
sports and exercise. Two results are clear: (1) the
rate of injury in sports increases with alcohol
intake and (2) performance gradually decreases.
Whether the use of alcohol is sporadic or over a
longer period of time, studies show that when

alcohol is present in the body, muscles become
inefficient in using glucose and amino acids, which
decreases energy. Alcohol also impairs the required
metabolic processes during exercise. The cross-
sectional area of muscle fibers has been shown to
decrease with chronic alcohol use. Consumption
after exercise negatively affects blood viscosity. On
the other hand, exercise decreases the rate at which
the number of mitochondria in the liver declines
when one imbibes alcohol. In fact, exercise may
increase the rate at which the liver metabolizes
alcohol. And exercise perhaps reduces the damag-
ing oxidative effects of alcohol.

Alcohol and Athletes

Alcohol abuse is intertwined with social practices,
and sports participants and athletes are not exempt
from the tendency to abuse alcohol. In collegiate
sports in particular, alcohol misuse is probably
underreported, as many studies have confirmed
that the problem exists but is often regarded as
“normal behavior” by college students.

Studies show varying patterns of alcohol use
among the different sports. For example, athletes
who play rugby, cricket, hurling, soccer, and
Gaelic football have the highest percentage of alco-
hol consumption. In contrast, the percentage of
alcohol consumption among athletes in horse rac-
ing, cycling, and tennis is low.

Acute alcohol consumption adversely affects
psychomotor skills, and therefore, performance
suffers. Acute consumption also reduces the body’s
ability to adapt to cold environments.

Alcohol and Musculature

Chronic alcohol consumption decreases the vascu-
larity of muscles, and this has been hypothesized to
be the cause of its detrimental effects on muscle
tissue. Skeletal muscle weight, along with DNA
and RNA content, decreases with continuous alco-
hol use. Alcohol-induced alterations to the normal
metabolic processes in muscle tissue, as well as
damage to nerves, result in muscle atrophy.

Some studies show that athletes have a higher rate
of alcohol consumption immediately prior to their
sporting events, and that a significant number of
them are chronic alcohol consumers. This situation
may be a reflection of the athletes being uninformed
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about alcohol’s detrimental effects, and perhaps the
lack of monitoring and education by exercise spe-
cialists, training specialists, fitness trainers, coaches,
physical therapists, and sports physicians.

In the recovery period after exercise, blood
homeostasis, or the ability of blood to maintain
normal function, is affected adversely by alcohol
consumption, particularly due to alcohol’s effects
on some clotting factors and hormones. Specifically,
blood clotting becomes exaggerated in the recov-
ery phase. There are implications that these alco-
hol-induced effects on blood homeostasis, along
with conventional risk factors such as age, smok-
ing, and abnormal lipid profiles, lead to higher
atherosclerosis rates.

Alcohol consumption after a competition or
after training appears to be common among ath-
letes. Of particular concern in relation to this prac-
tice is the onset of brain infarction, or the
development of a blood clot in the brain, leading
to decreased blood flow. This was seen in some
studies to occur with drinking to the point of
intoxication. Although the available evidence does
not show a higher incidence of cardiovascular dis-
ease with moderate alcohol consumption, some
studies suggest that the increase in heart rate,
blood flow, and platelet aggregation caused by
alcohol may predispose athletes to thrombotic
events, or events that lead to blood clots.

In a study examining the effect of alcohol on
lipid levels after exercise, no differences were
observed in total cholesterol and high-density lipo-
protein levels during recovery. Triglycerides, how-
ever, increased substantially 5 hours into the
recovery period.

Other problems arise from excessive alcohol
use. Cardiac muscle is adversely affected by acet-
aldehyde, an alcohol metabolite. Cardiac dys-
function may result from excessive alcohol use.
Arrhythmia may also result from the temporary
weakening of left ventricular contraction and the
increased myocardial irritability associated with
alcohol consumption. These effects appear to be
related to acute, heavy use, not to chronic use.

Alcohol and Liver Functions

The toxicity of acetaldehyde (a breakdown prod-
uct of alcohol) to the liver is well-known, and the
fact that alcohol is broken down mainly in the liver

leads to a concentration of detrimental effects in
this organ. Among heavy drinkers, 10% to 35%
develop alcohol hepatitis, and 10% to 20% suffer
from liver cirrhosis. In patients with cirrhosis,
exercise capacity and oxygen consumption decrease
markedly. In alcoholic patients, cardiac dysfunc-
tion is very evident, with no increase in left ven-
tricular function during exercise. Impairment of
cardiac function has been seen in cirrhotic patients,
possibly due to thickening and stiffening of the
walls of the heart, ultimately leading to decreased
ability to exercise.

Alcohol intake decreases resting glycogen (the
storage form of sugar) as well as glucose output.
The liver’s preoccupation with alcohol metabolism
also contributes to decreased production of new
sugars for energy. The end result is hypoglycemia,
a decrease in blood glucose and, consequently,
stored muscle glycogen. Exercise needs glucose as
a fuel and taps stored glycogen as well.

Alcohol and Kidney Functions

An increased tendency to urinate is another effect
of alcohol. The release of an antidiuretic hormone
(a substance that inhibits urination) normally pro-
duced by the body so that the kidneys conserve
water is reduced by the intake of alcohol. Urine
becomes diluted as a result. Dehydration can result
if the kidneys do not reabsorb water back into the
body. Muscular functions are diminished when
electrolytes and essential minerals are excreted in
higher concentrations than normal. Total body
water drops, specifically affecting muscle functions
and nerve conduction because of the loss of the
electrolytes potassium, chloride, and magnesium.
Moreover, almost all physiological functions
become impaired by dehydration.

Athletic performance is greatly affected by body
water. A decrease of 1 liter (L)/minute in cardiac
output has been observed with each liter of water
lost in dehydrated conditions. An elevated heart
rate of up to 8 beats minute™ L' of water lost has
been observed as well. Perceived exertion becomes
higher because the muscles during exercise are per-
forming harder, but less nutrients and oxygen are
available to them. Blood pressure may decrease
during dehydration, and central blood volume also
decreases, causing the athlete to experience fainting
or a “light-headed” feeling.



Allergic Contact Dermatitis 27

The ability of the body to transfer heat from
contracting muscles to the skin’s surface is impaired
by consuming alcohol during exercise, and corre-
sponding impairments in blood flow, sweat rate,
and blood volume may occur. Heat-related inju-
ries may increase with the faster rise in core body
temperature.

Rehydration after alcohol consumption has
been shown to be very important in maintaining
bodily functions. Because the volume of fluids in
the stomach has the greatest influence on gastric
emptying, it has been suggested that the sooner the
athlete imbibes water, the faster the resolution of
the fluid deficit occurs.

Conclusion

Motor skills—reaction time, hand-eye coordina-
tion, accuracy, balance, and complex muscle
coordination—are adversely affected by alcohol
consumption. Mistakes committed on simple mus-
culoskeletal tasks increase with alcohol intoxica-
tion. Performance suffers and injuries rise with
alcohol abuse, particularly due to the resultant
impaired balance, increased reaction time, and
decreased accuracy with tasks.

The overwhelming evidence supports the notion
that alcohol use hinders exercise and participation
in sports. Athletes, in particular, should be coun-
seled against alcohol consumption and constantly
educated regarding the body’s response to alcohol
in terms that they can relate to: performance, main-
tenance of skills, endurance, strength, and ability.

George Guntur Pujalte

See also Cannabinoids; Doping and Performance
Enhancement: A New Definition; Risk Factors for
Sports Injuries; Stimulants
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ALLERGIC CONTACT DERMATITIS

Allergic contact dermatitis (ACD) is a skin disor-
der caused by a variety of agents that an athlete
may be exposed to during practice or competition.
Items such as equipment, local factors on the play-
ing field, and even topical medications in the
training room have all been described as potential
triggers of this condition. ACD affects all calibers
of athletes in all types of sports. Identifying this
uncomfortable and debilitating rash, treating it
appropriately, and helping to prevent its recur-
rence is the duty of the sports physician.

Pathophysiology

ACD is an immunologic reaction classified as a
Type IV reaction, or delayed-type hypersensitivity.
The degree of sensitization is variable from person
to person, as some individuals may exhibit reac-
tion to some agents, while others do not. For
example, the allergen in poison ivy will sensitize
nearly 70% of exposed persons, while the chemi-
cal allergen found in wetsuits will sensitize a rela-
tively small percentage of individuals.

ACD presents in two stages. The first is called the
induction phase, which occurs when a person is first
exposed to a new allergen. Sensitization by the
immune system to this new agent requires a mini-
mum of 4 days to develop. However, many athletes
may come in contact with an allergen repeatedly for
months or even years before developing clinical sen-
sitivity. The second phase, the elicitation phase,
occurs after allergic sensitization has occurred. After
the athlete is again exposed to the offending allergen,
the dermatitis will manifest within 24 to 48 hours.

Prevalence Within Sports

Athletes of nearly every sport played are at risk of
developing ACD. From the chemical composition
of their gear to the type of tape used in the athletic
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training room, many different sources of allergens
have been reported in a variety of sports.

The incidence of ACD from water sports such
as swimming, diving, fishing, and snorkeling has
been well documented. The chemicals in the rub-
ber of wetsuits have been described as triggers of
this skin condition. In addition, swimmers who
are sensitive to the chemicals used to disinfect
pools may exhibit the characteristic symptoms of
ACD.

Among the myriad skin disorders that plague
runners, joggers, and walkers, ACD is especially
debilitating. As in other sports, the materials used
in manufacturing of training equipment may be
responsible for the development of ACD. The
inside of the running shoe tends to be moist, and
this moisture will leach out the specific chemicals
responsible for causing ACD. It has been shown
that the neoprene inserts of certain brands of run-
ning shoe cause ACD of the soles of the feet.

Soccer players and other field sport athletes are
also at risk for ACD. In this population, the skin
condition is usually caused by equipment or chem-
icals used in maintaining the field. Reactions to the
lime used in field markings, known as “cement
burns,” have been found in several athletes. This
rash was noted to occur either during or after
completion of a match and became worse after a
hot shower.

Items commonly found in the athletic training
room may also predispose individuals to ACD.
There have been many reports of skin reactions to
the chemical resins used in athletic tape. It has
been reported that analgesic sprays, topical medi-
cations, and anti-inflammatory creams/gels have
caused ACD in athletes. Other training room
products that cause ACD include eucalyptus oil
and lanolin preparations.

Diagnosis

To diagnose ACD, the team physician must first
recognize the dermatologic manifestation associ-
ated with the condition. On sensitization and then
reexposure to the allergen, the dermatitis starts to
manifest within 24 to 48 hours. An intensely itchy,
very red rash develops rapidly, followed by vesicle
and/or blister formation. Lesions are usually very
well demarcated and will often originate at the site
of contact with the allergen; however, new lesions

may appear at distant, seemingly unrelated sites as
a result of transfer of the allergen by the hands. In
time, a chronic stage may occur, characterized by
thickened, fissured skin.

There is considerable variation in the intensity
of the reaction, depending on the body area
affected. The mucous membranes are usually
spared, as well as the hair-bearing scalp. Palms and
soles tend to be much less affected than the dorsal
and interdigital areas. The eyelids and skin around
the eyes are especially sensitive, while involvement
of the armpits is rare.

Although clinical diagnosis of ACD is the usual
practice, the gold standard for formal diagnosis is
patch testing. This procedure attempts to re-create
the skin manifestation using a minute concentra-
tion of the offending allergen. The TRUE Test,
manufactured in Denmark, is a commercially
available patch testing kit that contains patches
with 24 commonly encountered allergens. The
upper back is the favored site for testing, and it is
imperative that hair be removed using an electric
rather than a straight razor to minimize damage to
the skin being tested. Patches should remain on the
skin for 48 hours and are then removed, with the
reading done in 72 to 96 hours. A classically posi-
tive patch test reaction consists of reddened skin,
mild edema, and small, closely set vesicles.

Treatment

Treatment of ACD depends on the severity of the
condition. Acute manifestations are best treated
with wet dressings for the first 24 to 36 hours
using Burow’s solution. Topical steroid creams are
useful against mild to moderate ACD. Although
rarely needed, oral corticosteroids are effective
against severe ACD. Itchy skin and hives are gener-
ally well managed with oral or topical diphenhy-
dramine. If secondary infection is suspected, the
use of antibiotics may be warranted.

Prevention of future outbreaks should also be a
goal for the team physician. Although avoidance
of the offending agent is the ideal management, it
may not always be feasible. Substitution of alter-
native equipment, such as nonrubber shoe insoles
or eye goggles, may be helpful in this process. In
any event, one must be sure that substitution of a
certain item with another does not also trigger the
allergic reaction.
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Return to Sports

The decision surrounding return to play is deter-
mined by the athletes’ level of discomfort and their
willingness to return. Complicating bacterial sec-
ondary infection may preclude immediate return
and should be addressed on a case-by-case basis.
The likelihood of reexposure to the initial trigger
should also be taken into account. Prophylaxis
with nonsedating antihistamines may be necessary,
especially if repeated contact with the offending
agent is likely.

Lucien Parrillo

See also Dermatology in Sports; Skin Disorders Affecting
Sports Participation
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ALLERGIES

Allergic reactions are caused when the immune
system 1is triggered into action by an allergen,
which is a protein, or antigen, producing a clinical
allergic reaction. These allergens elicit a response
by immunoglobulin-E (IgE), causing various symp-
toms depending on the body system affected. This

entry will explore different issues related to aller-
gies, including allergic rhinitis and venom aller-
gies, and how to diagnose and treat different types
of allergies. Allergies can significantly affect an
athlete’s performance; for example, failure to
adequately control allergic rhinitis can lead to an
increase in upper respiratory symptoms, which
can impede an athlete’s breathing, resulting in
suboptimal performance.

Allergic Rhinitis

Allergic rhinitis is the term used to describe inflam-
mation of the nasal mucosa that causes symptoms
ranging from nasal discharge to sneezing to nasal
itch. Allergic rhinitis is caused by specific allergens
in the environment.

Epidemiology

Allergic rhinitis can occur at any age but most
commonly affects children and adolescents, with
the mean age of onset around 8 to 11 years.
Recent studies and surveys indicate that allergic
rhinitis may affect around 40 million people in the
United States alone, and the annual health care
costs may be around $15 billion. In childhood, it
is more common in boys but occurs equally in
both sexes in adulthood. Allergic rhinitis can
affect persons of all races, and prevalence varies
depending on geographic location (i.e., warm vs.
cold, rural vs. urban).

Etiology

Pollens and mold spores are the allergens that
are generally responsible for seasonal allergies.
These pollens usually come from trees, grasses,
and weeds that depend on the wind for pollina-
tion, which produce large quantities of lightweight
pollen that can be breathed in, triggering symp-
toms. Flowering plants and those plants that
depend on insect pollination typically produce a
heavier pollen that rarely causes symptoms. The
seasons and the location determine the type of
allergies a patient may develop. For example, the
highly allergenic ragweed is found in the Midwest
and the eastern United States and typically pro-
duces pollen from August through September. See
Table 1 for further details.
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Table | Common Environmental Allergens

Indoor Outdoor

Dust mites Weeds (especially
Pet dander (most common in ragweed)

cats and dogs) Trees
Cockroaches (especially Grasses
important in large cities) Molds

Indoor molds

Pathophysiology

In patients who are susceptible to allergies,
exposure to an allergen leads to a cascade of events
that result in characteristic symptoms. When a
patient is exposed to an allergen, he or she can
develop allergic sensitization, which is character-
ized by the production of specific IgE directed
against these antigens. Mast cells, which are pres-
ent in the nasal mucosa, bind IgE, which leads to
immediate and delayed release of a number of
chemical mediators. These include histamine,
kinins, leukotrienes, prostaglandin D2, and others.
Through a series of chemical reactions, these medi-
ators eventually cause the common symptoms
associated with allergies, such as nasal congestion,
itching, and sneezing. This is the immediate
response, and over the next 4 to 8 hours, the late-
phase response occurs. This occurs through recruit-
mentofotherinflammatory cells such asneutrophils,
eosinophils, macrophages, and lymphocytes. All
these cause continued inflammation. The symp-
toms are similar but with more congestion and
mucous production and less sneezing and itching.

Diagnosis and Testing

Clinical Features

Patients can present with a wide array of symp-
toms and complaints, so a detailed history is
extremely important in helping to determine not
only if a patient has allergic rhinitis but also what
allergen in the environment is triggering the symp-
toms and how best to treat the patient. Things to
consider when taking the history include determin-
ing if the symptoms are seasonal or perennial (year
round), which organ systems are affected, and

what triggers the symptoms, such as specific out-
door or animal exposures. Other history to elicit
includes response to past medications, exposures at
the workplace, and whether there is a family his-
tory of allergies. A personal history of asthma or
atopic dermatitis correlates with allergic rhinitis.

Physical Examination

The most common physical findings are usually
confined to the nose, mouth, ears, and eyes. Patients
may have any or all symptoms in any combination.
Patients can have “allergic shiners,” which are dark
circles under the eyes related to nasal congestion.
White, pale, blue-gray turbinates in the nasal exam
are consistent with allergic rhinitis. The nose also
usually has a thin, clear secretion. A “nasal crease”
is a horizontal crease across the lower half of the
bridge of the nose caused by repeated upward rub-
bing of the tip of the nose. This is also known as the
“allergic salute” and is seen commonly in children.
The ear exam may reveal fluid in the middle ear as
aresult of Eustachian tube dysfunction. Examination
of the eyes may reveal reddened conjunctivae and
excessive lacrimation. The throat exam can show
“cobblestoning,” which describes streaks of lym-
phoid tissue in the posterior pharynx.

Testing

Allergic rhinitis can often be diagnosed by the
clinical history and the exam findings, but skin
testing is helpful to confirm the diagnosis and to
determine specific allergen sensitivity. Identifying
specific allergens can help direct prevention and
treatment. The most common test is the scratch or
prick test, in which a drop of extract is scratched
or pricked through the skin using a needle or other
testing device. The antigen in the extract binds to
IgE on skin mast cells, and histamine and other
mediators are released, creating a wheal if the
patient is allergic to that antigen.

Intradermal testing can also be done, in which
the extract is injected into the dermal layer of the
skin. Intradermal testing is more sensitive than
skin testing, but it also has a higher amount of
false-positive results. Radioallergoabsorbant test-
ing (RAST) involves measuring the proportion of
specific IgE to allergens in the blood. RAST testing
is generally less sensitive than skin testing.
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Treatment

Prevention

Treatment can be divided into two categories:
(1) prevention/avoidance and (2) pharmacological
therapy. Avoidance can consist of using dust mite
covers on pillows and on the bed, extermination of
cockroaches, or, if the allergen is pet dander, keep-
ing the pet out of the bedroom to minimize the
dander in the area where the patient sleeps.
Frequent washing of bedsheets, vacuuming, and
minimizing the amount of carpet in the house are
all strategies that may help. For outdoor allergies,
keeping windows and doors closed, minimizing
outdoor time during high pollen counts, or wearing
a mask when mowing the lawn or gardening are a
few strategies that may help prevent allergies.

Pharmacological Therapy

Treatment is determined based on the frequency
and severity of the symptoms. Patients with inter-
mittent symptoms may benefit from oral deconges-
tants, oral antihistamines, or both. Patients with
more severe or chronic symptoms often benefit
from an intranasal steroid spray. Patients with eye
symptoms may benefit from ocular antihistamine
drops. It is not uncommon for patients to be on a
combination of or on all these medications at a
time. A leukotriene receptor antagonist can also be
added to help relieve symptoms.

Allergen immunotherapy can also be used, with
the intention of increasing the threshold level for
symptoms to occur after exposure to an allergen.
Immunotherapy consists of injections that contain
small amounts of the allergens the patient is aller-
gic to, with the expectation that this will help
“desensitize” the patient to the offending allergen.
Given the expense and the fact this is long-term
therapy, it is usually reserved for patients with
chronic symptoms that are refractory to the afore-
mentioned medications.

Venom Allergies

Allergic reactions to insect stings constitute a real
medical problem, with about 50 deaths per year in
the United States. The most common stinging
insects are of the order Hymenoptera, which includes
yellow jackets, wasps, and bees. The most serious

reaction that happens is anaphylaxis, usually occur-
ring within 15 minutes of the sting. Symptoms
include generalized urticaria, flushing, angioedema,
and edema of the upper airway. Patients may also
develop shock and hypotension, resulting in death.

Testing can be done to diagnose venom aller-
gies, and once a diagnosis has been made, venom
immunotherapy can be initiated. Patients who are
at risk should always carry an epinephrine self-in-
jection device to be used in case they are stung.
This is important for athletes who train in warm-
weather environments, where they at risk of being
stung. They should either carry an epinephrine pen
with them, if they are participating in a solo sport
or are training by themselves, or have their trainers
or medical staff have an epinephrine pen readily
available. The epinephrine pen should be renewed
every year.

Marc A. Molis and Whitney E. Molis

See also Air Pollution, Effects on Exercise and Sports;
Allergic Contact Dermatitis; Asthma; Respiratory
Conditions
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Grammar L, Greenberger P, eds. Patterson’s Allergic
Diseases. 6th ed. Philadelphia, PA: Lippincott
Williams, and Wilkins; 2002.

Sheikh J, Najib U. Rhinitis, allergic. e-Medicine. http://
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ALTITUDE SICKNESS

High altitude is generally defined as an elevation
above sea level greater than 6,500 feet (ft), or
2,000 meters (m). Above this elevation, unaccli-
matized athletes may develop altitude sickness, or
acute mountain sickness (AMS), shortly after their
ascent. AMS reflects cerebral abnormalities and is
one end of a spectrum of severity that includes
high-altitude cerebral edema as a more severe
potential consequence of ascent. High-altitude
pulmonary edema and high-altitude cerebral
edema occur at similar altitudes and, though
uncommon, are potentially fatal.



32 Altitude Sickness

Given that most persons traveling to high alti-
tudes are doing so to perform physical activity of
some kind, be it skiing, climbing and mountaineer-
ing, or competing in an endurance race or soccer
match, it is wise to be aware of the deleterious
effects of elevation above sea level.

Epidemiology

Epidemiological data from Colorado suggest an
incidence of AMS of 22% at altitudes of 1,850 to
2,750 m (7,000 to 9,000 ft) and 42% at altitudes
of 3,000 m (10,000 ft). The summit of Mt. Everest
is 8,848 m (29,028 ft), which is considered extreme
altitude.

Pathophysiology

The reason why altitude can result in AMS appears
to be related to the reduced supply of oxygen
(hypoxia), particularly to the brain and lungs.
This deficiency of oxygen stimulates increased
blood flow, leading to increased pressure and
eventual leakage of fluid out of the smallest blood
vessels in these areas. This leakage results in swell-
ing in the brain (cerebral edema) or lungs (pulmo-
nary edema).

Causes

Risk factors for altitude sickness include residence
below 900 m, previous episodes of altitude sick-
ness, physical exertion, and some cardiopulmo-
nary conditions (though not hypertension, coronary
artery disease, diabetes, or mild chronic obstruc-
tive pulmonary disease). Children appear as sus-
ceptible as do adults, while older adults (>50 years
old) have decreased susceptibility. Women have an
equal risk for altitude sickness, though a lower risk
for high-altitude pulmonary edema. Physical fit-
ness has no protective effect.

Persons with previous experience of high-
altitude pulmonary edema may have a recurrence
rate of 60% should they ascend rapidly to higher
than 4,600 m. Such individuals seem to have a
reduced ventilatory response to hypoxia and an exag-
gerated pulmonary pressor response to hypoxia and
exercise, though they are otherwise quite healthy.
Endothelial function might be responsible for
this impairment. Those susceptible to high-altitude

pulmonary edema appear to have a genetic differ-
ence in their sodium channels.

Definition

Altitude sickness is a relatively subjective syn-
drome with nonspecific symptoms. The Lake
Louise Consensus Group defines altitude sickness
as the presence of headache in an unacclimatized
individual who has recently arrived at an altitude
above 2,500 m, who in addition is experiencing
one or more of the following symptoms: anorexia,
nausea or vomiting, insomnia, dizziness, and las-
situde or fatigue (Figure 1).

Clinical Presentation

Altitude sickness often presents with nonspecific
symptoms such as decreased appetite, nausea or
vomiting, difficulty sleeping, dizziness, and fatigue.
The presence of one or more of these symptoms in
an unacclimatized athlete who has recently (typi-
cally 6-10 hours earlier) ascended >2,500 m is
necessary for a diagnosis. There are no physical
signs unless someone progresses to cerebral edema.
In this case, changes in consciousness and diffi-
culty with balance and coordination (ataxia) may
be present. Eye findings such as papilledema and
retinal hemorrhage or even a palsy of one of the
cranial nerves may also be present, indicative of
the increased intracranial pressure. Drowsiness
can progress to stupor and even to brain hernia-
tion and death over a period of hours or days.
High-altitude pulmonary edema commonly
occurs the second night at a new altitude and
rarely after more than 4 days at a given altitude,
owing to changes in blood vessels in the lungs.
Acute pulmonary edema is suggested by deterio-
rating performance during activity and breathing
difficulty at rest, a “moist” cough, severe weak-
ness, drowsiness, skin color change (cyanosis),
increased heart rate and breathing rate, and crack-
les on auscultation of the lungs with a stethoscope.
Orthopnea is rare, but fever up to 38.5 °C is com-
mon. Pink or bloody sputum is a late finding.

Diagnosis

Diagnosis of altitude sickness is clinical, and labo-
ratory tests or imaging are not very helpful, unless
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perhaps to exclude another diagnosis. In a patient
with pulmonary edema, electrocardiography often
demonstrates subtle abnormalities reflecting right
heart strain. Chest radiography generally reveals
patchy infiltrates, found in both lungs in more
severe cases.

Treatment of Altitude Sickness

Treatment of altitude sickness begins with prevent-
ing further ascent until the symptoms have resolved.
If no response to medical management is seen,

descent is also indicated. If cerebral edema is sus-
pected, descent should be immediate. Descent and
supplemental oxygen are the treatment of choice;
descent can be accomplished in a portable hyper-
baric chamber. Acetazolamide appears to reduce
symptom severity within 24 hours and is useful
when descent or oxygen is not an option.
Dexamethasone has been shown to be equally
effective, if not superior, and can have a more
rapid effect within 12 hours. After altitude sick-
ness has resolved, any further ascent should be
made with caution, perhaps with acetazolamide
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prophylaxis. Other agents have been studied, but
results are mixed.

Prevention of Altitude Sickness

The best strategy for the prevention of altitude
sickness is a gradual ascent to promote acclimati-
zation. Acclimatization is the physiologic method
of progressively increasing sleeping altitude.
Published guidelines state that once above 2,500
m, the altitude at which one sleeps should not be
increased by more than 600 m in 24 hours and an
extra day should be added for every increase of
600 to 1,200 m. Expert opinion recommends pro-
phylaxis for those who plan an ascent from sea
level >3,000 m (sleeping altitude) in 1 day and for
those with a history of altitude sickness. The old
climbers’ dictum is “climb high, but sleep low.”
Maximal acclimatization occurs at 3 to 6 weeks.

Acetazolamide is usually the preferred pharma-
cotherapy; it should be started 12 to 24 hours
before ascent and continued for 3 or 4 days.
Dexamethasone is an alternative, and Ginkgo
biloba also has been shown to be effective.

Treatment of High-Altitude
Pulmonary Edema

Treatment of high-altitude pulmonary edema is
focused on increasing oxygenation by having the
patient breathe supplemental oxygen, which
reduces pulmonary artery pressure, reverses the
effects of the illness rapidly, and also benefits the
brain. Descent, supplemental oxygen, or both are
nearly always successful. Patients with severe pul-
monary edema, which arterial oxygen saturations
have failed to improve, and those with concomi-
tant high-altitude cerebral edema must be moved
to a lower altitude and possibly hospitalized.
Nifedipine can be used as an adjunct or for pro-
phylaxis; however, it is not as effective as supple-
mental oxygen.

Altitude and Performance

Maximal oxygen consumption (Vo,max) will decrease
with altitude (~1% per 100 m above 1,500 m)
and can significantly affect competitive athletic
events. Acclimatizing at altitude for 3 to 6 weeks
prior to competition has been recommended, though

significant improvements in performance are seen
over a shorter window of time, and there is little
further improvement after 21 days. Athletes should
consider scheduling travel to coincide with a taper-
ing plan that allows for some high-intensity efforts
to be performed at the competition altitude before
the event. The relative training load should be
maintained while considering that maximal exer-
cise capacity will be reduced. This is probably of
little benefit for short (<1 minute) anaerobic events
and is often impractical. The acclimatization pro-
cess causes an increase in red blood cell mass and a
resultant increase in the oxygen-carrying capacity
of blood. An alternative to acclimatization is the
use of commercially available hypoxic generator
tents, which seem to be as effective over a 3-week
period. This effect has been shown to increase aero-
bic power and exercise performance at sea level,
hence the use of “altitude training.”

Further Research at Altitude

The brain ultimately regulates exercise effort, but
only a few studies have tested this directly. These
studies have shown that exercise involving large
amounts of muscle (e.g., cycling) at altitude is lim-
ited before signs of muscle fatigue develop. When
subjects are given supplemental oxygen at the
point of exhaustion, they are able to continue
cycling at higher work rates, suggesting that exer-
cise at altitude may be highly influenced by central
factors such as cerebral hypoxia. Athletes who
take the time and energy to properly adjust to alti-
tude prior to competition can maximize their
potential at altitude. There unfortunately is no
“magic bullet,” and there is a great deal of indi-
vidual variation. Coaches and endurance athletes
are perhaps best served by avoiding the described
medical complications at altitude and allowing
their bodies to adjust.

Hamish A. Kerr

See also Aerobic Endurance; Outdoor Athlete
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AMENORRHEA IN ATHLETES

Amenorrhea is the absence or cessation of the
menstrual cycle in a woman of reproductive age.
The disorder is further subdivided into primary
and secondary types. Primary amenorrhea is the
absence of a menstrual cycle by the age of 15. If
the menstrual cycle appears at puberty but subse-
quently ceases for more than 3 months, the diag-
nosis is called secondary amenorrhea.

Amenorrhea has several different etiologies. A
hormonal interaction between the hypothalamus,
pituitary, and ovaries controls the onset of men-
struation and the monthly cycle. An abnormality
in the function of any one of these organs can lead
to amenorrhea. The reproductive tract must also
be free from anatomic abnormalities. Last, hor-
mones from outside the hypothalamus-pituitary-
ovarian axis can influence the menstrual cycle.
These outside influences include thyroid hormone
and cortisol.

Exercise and Amenorrhea

Amenorrhea in an athlete represents a unique situ-
ation. Excessive exercise can lead to either primary
or secondary amenorrhea. Many theories have
been explored in an attempt to explain this rela-
tionship. As stressful situations such as death in
the family or divorce can cause amenorrhea, the
stress associated with strenuous exercise may be
the cause of amenorrhea in these athletes. Some

studies have shown that stress can inhibit certain
hormones, which would lead to suppression of
menses. Definitive evidence is lacking, and inter-
estingly, adolescents with stressful music careers
do not experience a similar disruption in their
menstrual cycle.

A second explanation for amenorrhea in a high-
level athlete is a disorder of energy balance. If
energy expenditure exceeds caloric intake, the ath-
lete’s body may allot available energy to necessary
functions at the expense of other, nonnecessary
functions such as reproduction. This adjustment
can occur within one to two menstrual cycles. As a
result, athletes with a normal body fat composition
can experience menstrual disturbances after rela-
tively short intervals (months) of intensive activity
if their dietary intake does not correspondingly
increase as well. The energy imbalance may be
intentional on the part of the athlete, or it may be
accidental. Many adolescent athletes underestimate
the additional energy demands of high-intensity
exercise.

Anorexia nervosa lies at the end of the spectrum
of poor energy balance. This disorder is character-
ized by refusal to maintain a healthy body weight
due to intense fear of gaining weight. Irregular
menstrual cycles can occur early in the disease
before significant weight loss. Amenorrhea is
almost always present in severe weight loss when a
female is less than 20% of ideal body weight.
Epidemiologic evidence does not show that
anorexia is more prevalent in athletes relative to
their age-matched counterparts. However, indi-
viduals involved in aesthetic sports such as diving,
gymnastics, and ballet are at high risk for disor-
dered eating habits.

The Female Athlete Triad

Young female athletes may develop a combination
of conditions including irregular menstrual cycles,
low bone mineral density, and disordered eating.
This cluster of findings is called the female athlete
triad. Low calorie intake relative to energy expen-
diture can lead to menstrual disorders as discussed
above and also compromised bone strength. The
most severe pathology is manifest as anorexia ner-
vosa, amenorrhea, and osteoporosis. These indi-
viduals are at risk for stress fractures and are likely
at risk for more severe fractures late in life. Few
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athletes exhibit all three elements of the triad. The
signs and symptoms should be viewed on a con-
tinuum, and athletes showing suggestions of one
sign should be considered at risk for the others.

Clinical Evaluation

A comprehensive history and thorough physical
examination should begin the clinical evaluation.
Attention should be paid to diet, exercise, men-
strual history, and signs of secondary sexual char-
acteristics such as breast development and pubic
hair growth. Body mass index (weight in kilograms
divided by square of the height in meters) should
be calculated and compared with normative values
if disordered eating is a consideration. Signs of
hormonal abnormalities should be assessed.

Diagnostic Tests

History and physical exam findings can determine
appropriate diagnostic testing. Every patient needs
a pregnancy test, as one of the most common
causes of amenorrhea is pregnancy. Anatomic
reproductive abnormalities can be evaluated by
pelvic ultrasound in primary amenorrhea. Serum
hormone level measurements may be necessary to
assess proper endocrine function.

Specific testing for an athlete with elements of
the female athlete triad evaluates for signs of
energy imbalance. Daily dietary intake needs to be
evaluated. Initial labs include evaluation of serum
electrolytes, screening for anemia, and assessment
of thyroid function. A bone density test can be
considered if risk factors are present.

Prevention

Many causes of primary and secondary amenor-
rhea are associated with genetic predispositions
and are not preventable. However, amenorrhea
secondary to low energy availability and the female
athlete triad are avoidable with awareness. Leading
national medical associations emphasize education
of athletes, coaches, athletic trainers, and the
health care team to help recognize and prevent
disordered eating. Athletes should be counseled on
proper caloric intake and nutritional requirements,
including intake of calcium and vitamin D. Many
school departments include screening questions on

athletic preparticipation physical exam forms per-
taining to elements of the female athlete triad.
Screened individuals should be educated and coun-
seled appropriately.

Treatment

Treatment of primary and secondary amenorrhea
is aimed at the specific cause. This is focused on
treatment of amenorrhea associated with excessive
exercise and decreased energy intake. Patients’
counseling should involve the physician, athletic
trainer, nutritionist, coach, and parents. If a severe
eating disorder is suspected, treatment should
include a psychiatrist and/or psychologist. Often
an increase of 300 to 400 kilocalories (kcal)/day
(1 kcal = 4186.8 joules) in the form of an energy
bar is sufficient to correct the energy imbalance.
Athletes should also be encouraged to take calcium
and vitamin D supplements to meet recommended
daily requirements. Oral contraceptive pills restore
normal menstrual flow but do not address the
underlying energy deficit and do not restore bone
mineral density.

Gena L. Napier

See also Female Athlete Triad; Menstrual Cycle and
Sports Performance; Menstrual Irregularities
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AMERICAN COLLEGE
OF SPORTS MEDICINE

The American College of Sports Medicine (ACSM)
is the world’s largest professional organization of
sports medicine physicians, practitioners, and sci-
entists. ACSM, based in Indianapolis, Indiana,
was founded in 1954, and currently, there are
more than 20,000 national and international



American Medical Society for Sports Medicine 37

members. This organization fosters sports medi-
cine education, clinical practice, and scientific
research through multiple media including profes-
sional meetings, continuing education, newslet-
ters, publications, leadership organizations,
certification, and research funding.

Mission Statement

According to the organization’s website, ACSM’s
mission is as follows:

The American College of Sports Medicine pro-
motes and integrates scientific research, educa-
tion, and practical applications of sports medicine
and exercise science to maintain and enhance
physical performance, fitness, health, and quality
of life.

Education

Continuing educational opportunities are made
available through ACSM in the form of medical
journals, newsletters, conferences (national and
international), online courses, certification work-
shops, and regional chapter meetings. Popular
ACSM-hosted conferences attended by thousands
of individuals yearly include the Annual Meeting,
the Team Physician Course, the Advanced Team
Physician Course, and the Health & Fitness
Summit & Exposition. Popular publications
include Medicine & Science in Sports Medicine,
Exercise and Sport Science Reviews, ACSM’s
Health & Fitness Journal, and Current Sports
Medicine Reports. Through these media, health
professionals and exercise scientists network and
cooperate by sharing knowledge as well as dis-
seminating research.

Certification

ACSM was the first professional organization to
certify individuals as health fitness professionals,
and to date, they have certified more than 25,000
individuals. Certifications include two health fit-
ness certifications (Certified Personal Trainer and
Certified Health Fitness Specialist) and two clini-
cal certifications (Certified Clinical Exercise Specia-
list and Registered Clinical Exercise Physiologist).
These individuals gain varying levels of training,

from personal fitness assessments and rehabilita-
tion to exercise testing, prescription, counseling,
and supervision. By choosing a credentialed health
fitness professional, the consumer can be assured
of being provided expert services by a person
who has met the standard requirements and has
demonstrated competency in knowledge, skill, and
ability.

Research: ACSM Foundation

ACSM has committed considerable time and effort
to developing the scientific knowledge that drives
clinical practice. Research ideas and data are pre-
sented and discussed at its conferences and meet-
ings and at roundtable discussions by worldwide
experts. Research papers are consistently dissemi-
nated in its scientific journals. In 1984, the ACSM
Foundation was founded. Its roles include fund-
raising, managing endowments, and distributing
funds both to the college and to individuals as
research awards. Yearly, the ACSM Foundation
awards approximately $100,000 in research fund-
ing. This funding is often awarded to promising
young investigators starting their careers.

Jason ]. Diehl

See also American Medical Society for Sports Medicine;
American Orthopaedic Society for Sports Medicine;
American Osteopathic Academy of Sports Medicine;
British Association of Sports and Exercise Medicine

Websites

American College of Sports Medicine:
http//www.acsm.org

AMERICAN MEDICAL SOCIETY
FOR SPORTS MEDICINE

The American Medical Society for Sports Medicine
(AMSSM) was founded in 1991 by five family phy-
sicians. The organization was formed specifically
to meet the needs of primary care, nonsurgical
sports medicine physicians. Its stated mission is to
“offer a forum that fosters a collegial relationship
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among dedicated, competent primary care sports
medicine physicians as they seek to improve their
individual expertise and raise, with integrity, the
general level of sports medicine practice.”

AMSSM’s membership includes 1,124 members
with physicians from all facets of primary care and
musculoskeletal medicine. This includes family
medicine, pediatrics, internal medicine, emergency
medicine, preventive medicine, and physical medi-
cine and rehabilitation.

The AMSSM strives to link the rapidly expand-
ing scientific literature to the practice of clinical
medicine. Additional functions of the AMSSM
include the following;:

o To foster research in sports medicine through
provision of grants and awards

e To promote state-of-the-art sports medicine
practice via collaboration and publication of
clinical monographs and position statements

e To provide cutting-edge educational and
networking opportunities via the AMSSM
annual meeting and involvement with the
American College of Sports Medicine (ACSM)
Advanced Team Physician course

e To provide a means for publication of original
articles and case studies through its official
association with the Clinical Journal of Sports
Medicine

e To provide online research tools to its members
via journal links and a subscription to Sports
Discus

The goals of the AMSSM are as follows:

e To develop and maintain a national society of
primary care sports medicine physicians who
share a common philosophy, body of knowledge,
and expertise related to sports medicine and its
practice

e To provide multidisciplinary educational
opportunities for primary care medicine
physicians using meetings, video and printed
materials, and educational tools

e To encourage and support research in the area
of sports medicine

e To work with the AMSSM Foundation

e To encourage and support the development and
regular review of the knowledge base in sports
medicine

e To develop, and lead in formulating, position
statements, guidelines, and educational materials
on sports medicine topics for both professional
and lay use

e To provide a venue for ideas and information
sharing among colleagues on the practical aspects
of sports medicine practice and delivery of care

e To represent primary care sports medicine
physicians and advertise their ability to give
high-quality care to the public

e To promote the health and safety of athletes and
physically active individuals through education
of all involved in their care

The AMSSM supports research in the area of pri-
mary care sports medicine and sponsors the fol-
lowing publications:

Clinical Journal of Sports Medicine
British Journal of Sports Medicine
Sports Discus

Beginner Triathlete Articles

In addition to the above, the AMSSM offers a
number of services through its website. These
include “Sports Medicine Self Care” and “When to
Call a Doctor.” These services give information
about various topics in sports medicine and advice
about sports injuries from a primary care physi-
cian’s perspective. Information on sports medicine
fellowships and how to contact a sports medicine
physician is also available on the AMSSM website.

James M. Daniels

Websites

American Medical Society for Sports Medicine:
http://www.newamssm.org

AMERICAN ORTHOPAEDIC
SOCIETY FOR SPORTS MEDICINE

Established in 1972 by a group of renowned ortho-
pedic surgeons, the American Orthopaedic Society
for Sports Medicine (AOSSM) is recognized as a
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world leader in sports medicine education, research,
communication, and fellowship. The society works
closely with many other sports medicine specialists,
including trainers, physical therapists, family phy-
sicians, and others, to improve the identification,
prevention, treatment, and rehabilitation of sports
injuries. Formed originally as a forum for educa-
tion and research with 100 members, AOSSM
today has more than 2,500 members.

AOSSM’s members are physicians and allied
health professionals who demonstrate scientific
leadership, involvement, and dedication in the
daily practice of sports medicine. Such activities
may include service as a team physician at any
level of competition; educating persons involved
with the health of athletes; service in local, regional,
national, and international competitions; and the
presentation of scientific research papers at sports
medicine meetings.

The unifying interest of the membership is their
concern with the effects of exercise and the moni-
toring of its impact on active individuals of all ages,
abilities, and levels of fitness. While many members
treat high-profile athletes who play on professional
teams, many others devote their practices to help-
ing out their community by treating players on the
local high school or junior college team.

Through research and advances in surgical and
rehabilitation techniques, orthopedic sports medi-
cine specialists have been able to treat and reha-
bilitate athletes whose injuries were once career
ending and put them back in the game.

AOSSM Activities
Patient Education Materials

The society develops an array of patient litera-
ture to help clinicians meet the information and
education needs of their patients.

Clinical Practice Materials

AOSSM develops and disseminates mono-
graphs, pocket cards, and other materials that
have direct application for orthopedists and others
with an active interest in sports medicine. Examples
of topic areas developed include concussion man-
agement, helmet removal, female anterior cruciate
ligament injuries, and the role and responsibilities
of team physicians.

Traveling Fellowship Program

This annual international exchange with Euro-
pean and Pacific Rim nations allows selected fellows
to travel internationally to lecture on and observe
orthopedic sports medicine care.

Sports Medicine Research

AOSSM maintains an active research program,
including the First Time Investigators Grant pro-
gram, the HerklotzZAOSSM Sports Medicine
Endowment, and other award programs for out-
standing research.

Education

In addition to the educational programs and
the society’s annual meeting, AOSSM partners
with a variety of other medical and/or sports-re-
lated organizations to provide quality educational
courses, including the NFL (National Football
League) Physicians Society, NBA (National
Basketball Association) Physicians Society,
American College of Sports Medicine, American
Medical Society for Sports Medicine, American
Academy of Orthopaedic Surgeons, and National
Athletic Trainers’ Association. To guide these
endeavors, as well as to provide members with a
framework for their own educational endeavors,
the society has developed a CME (continuing
medical education) Curriculum.

Lisa Weisenberger

See also Orthopedist in Sports Medicine, Role of

Websites

American Orthopaedic Society for Sports Medicine:
http://www.sportsmed.org

AMERICAN OSTEOPATHIC
ACADEMY OF SPORTS MEDICINE

The American Osteopathic Academy of Sports
Medicine (AOASM) is a multispecialty, national
sports medicine organization. It was chartered
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by the American Osteopathic Association in
1976 and incorporated in 1987. AOASM physi-
cians are involved in clinical practice, medical
education, and research. They provide medical
and sports medicine care to athletes at recre-
ational, collegiate, professional, and Olympic
levels. Physicians completing osteopathic medi-
cal school, residency training, and a sports
medicine fellowship are eligible to sit for an
exam, which if successfully passed earns them a
Certificate of Added Qualifications in Sports
Medicine. This certification validates that the
physician is trained to provide comprehensive
medical management to athletes as well as the
general patient population.

The AOASM works collaboratively with other
sports medicine groups to develop guidelines for
the medical care of athletes, to promote exercise as
part of a healthy lifestyle, and to represent its
members on relevant political issues. The applica-
tion of specialized manual medicine skills in the
diagnosis, treatment, and prevention of neuromus-
culoskeletal injuries, disorders, dysfunctions, and
diseases is an educational focus for the organiza-
tion. Members of the AOASM are active as faculty
in osteopathic as well as allopathic academic
medical institutions. Membership categories pro-
vide opportunities for physicians, fellows, resi-
dents, medical students, and allied health
professionals to participate in the organization.

The AOASM is the oldest primary care-based
sports medicine specialty. Osteopathic medicine
uses a holistic, comprehensive approach to the
prevention, diagnosis, and management of sport-
and exercise-related injuries, disorders, dysfunc-
tions, and disease processes. The founders, pioneers
and expert sports medicine specialists, realized
that while there were several physician organiza-
tions that support sports medicine, there was no
forum specifically for osteopathic sports medicine
physicians.

The purpose of the AOASM is to advance a
mutually respectful relationship among dedicated,
competent sports medicine specialists and to pro-
vide a quality educational resource for AOASM
members, allied health sports medicine profession-
als, and the general public.

The vision of the AOASM is to champion the
health, well-being, and safety of athletes and
physically active people.

The stated mission of the AOASM is to provide

e an educational forum for physicians and health
care professionals to address the quality of
health care for individuals in competitive,
recreational, occupational, and industrial
settings;

e leadership to establish and promote fitness and
exercise guidelines and to guide health care
policy relating to wellness, physical activities,
and sporting events; and

e a collegial environment in which physicians and
other health care professionals can expand their
content knowledge and enhance their clinical
skills in primary care sports medicine.

Michael Henebhan

Further Readings

Karageanes, SJ. ed. Principles of Manual Sports Medicine.
Philadelphia, PA: Lippincott Williams & Wilkins;
2004.

Websites

American Osteopathic Academy of Sports Medicine:
http://www.AOASM.org

ANABOLIC STEROIDS

Steroids in sports have been in the news for
decades, and they continue to be a significant
problem in sports. The term anabolic means that
the chemical induces tissue production, or muscle
building. Not all steroids are anabolic (muscle
building), and steroids of all kinds have significant
therapeutic benefits when used properly.

The term steroid includes dozens of different
chemical compounds, natural and synthetic, that
differ from one another in just a few carbon or
hydrogen atoms. The most commonly discussed
steroids can be separated into two general groups—
corticosteroids and gonadal steroids. Cortico-
steroids are produced naturally in the adrenal
glands (just above the kidneys) and include gluco-
corticoids and mineralocorticoids. Glucocorticoids
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are widely used as anti-inflammatories and immune
system modulators. The glucocorticoid cortisone,
in pill form or the injectable form, is used to treat
conditions ranging from lupus to asthma to poison
ivy. Corticosteroids such as depomedrol are used
as injectable treatment for tendinitis or bursitis.
Mineralocorticoids help regulate water and elec-
trolyte levels and are not typically used in sports
treatment or as performance enhancers.

Gonadal steroids are naturally produced in the
ovaries in females and in the testes in males. They
help produce secondary sex characteristics such
as hair distribution and breast development, as
well as prepare the body for reproduction.
Estrogen is the predominant feminizing hormone
in females, and testosterone is the masculinizing,
or virilizing, hormone in males. Testosterone has
an anabolic effect, which means that it promotes
protein synthesis and cellular production, espe-
cially in muscles. It is this anabolic effect that has
been used by athletes since the 1930s to aid in
tissue healing and to build muscle mass. Anabolic
steroids also have a medical role in the controlled
treatment of severe burns, short stature, and
recently human immunodeficiency virus (HIV)-
related wasting.

Anabolic steroid use is banned by all major
sports governing bodies, including the National
Collegiate Athletic Association (NCAA), Inter-
national Olympic Committee (IOC), National
Football League (NFL), Major League Baseball
(MLB), National Hockey League (NHL), and
Fédération Internationale de Football Association
(FIFA). They are banned both because they give
an athlete an unfair competitive advantage and
because they can be dangerous to the athlete’s
health. Even the delivery system of steroids can be
dangerous. Injectable steroids require needles,
which can pass viruses such as hepatitis and HIV.
Oral steroids (pills) can cause liver failure, and
anabolic steroids may contribute to liver or brain
cancers.

Transdermal steroids are now available in odor-
less and colorless adhesive patches and creams that
are simply placed on the skin and absorbed. This
makes their use easier for proper medical treat-
ment but also harder to detect if they are being
abused without a prescription. Possession of ana-
bolic steroids without a prescription is a federal
crime punishable by fines and prison.

Athletes who use these steroids for performance
enhancement often use 10 to 20 times the typical
therapeutic dose. They often use them in cycles of
4 to 6 weeks, with a 4- to 6-week steroid-free
period. Other chemicals also may be used in con-
junction with steroids. For instance, diuretics are
used to mask steroid use in urine tests. Other
chemicals, such as tamoxifen (an estrogen blocker),
are used to combat unwanted side effects such as
gynecomastia (breast development in males).
These masking agents are considered banned sub-
stances and are included in the panel of drugs
tested in sports.

Serious side effects from anabolic steroid abuse
also include avascular necrosis, which is the break-
down and collapse of joints, especially in the hips.
Tendon ruptures may be more common. Blood
pressure and cholesterol profiles can be adversely
affected, leading to cardiovascular problems,
including heart attack and stroke. Other side
effects include acne (especially on the back), tes-
ticular atrophy, and premature balding. Women
who use anabolic steroids may develop masculine
features such as an enlarged, squared jaw; male-
pattern balding; and coarse body or facial hair.
Personality disorders, including outbursts of
aggression, may also be exacerbated by anabolic
steroids.

Michael O’Brien

See also Doping and Performance Enhancement: A New
Definition
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World Anti-Doping Agency (WADA):
http://www.wada-ama.org/en

ANAPHYLAXIS, EXERCISE-INDUCED

Exercise-induced anaphylaxis is a distinct form of
physical allergy with a spectrum of symptoms
including itching (pruritus), hives (urticaria), angioe-
dema, wheezing, hypotension, fainting (syncope),
and in rare instances even death. Urticaria is an
early sign of true anaphylaxis. This entry discusses
exercise-induced anaphylaxis, its triggers, how to
diagnose the condition, and treatment strategies.

General Considerations
Epidemiology

The age of onset ranges from childhood
through adulthood. This condition affects males
and females equally, and about half the patients
have a history of atopy. Attacks can range from
a few times per month to once a year. Most cases
have been reported in athletes who exercise regu-
larly. There are some studies that suggest that the
severity of the anaphylactic events may decrease
over time.

Pathogenesis

The exact mechanism is not known, but mast
cells are known to be a factor because studies have
shown elevated levels of serum histamine and
tryptase during attacks. Studies have also shown
mast cell degeneration on skin biopsies done after
an attack. There may be a priming phenomenon at
work, where one stimulus acts as a cofactor for the
reaction to occur. Food, medication, or other fac-
tors (see below) may act as the primer, and then
the exercise triggers the event. Exercise alone does
not cause anaphylaxis, and eating the food with-
out exercise also does not cause an anaphylactic
event. An individual must first be “primed” by eat-
ing the food, and when this is followed up by

exercising (the “trigger”), it has the potential to
cause an anaphylactic event.

Triggers/Associated Factors

Exercise-induced anaphylaxis can be triggered
by any physical activity, but it is more common in
aerobic sports and running. Factors that have
been associated with this condition include men-
struation, use of aspirin and NSAIDs (nonsteroi-
dal anti-inflammatory drugs), and exposure to
cold weather or hot, humid weather. Some patients
have a food-dependent variant, where they need
to ingest a certain food, then exercise, which pro-
vokes an anaphylactic response. Common foods
associated with these reactions are celery, wheat,
shellfish, cheese, eggs, chicken, hazelnuts, oranges,
apples, peaches, grapes, and cabbage.

Diagnosis and Testing
Clinical Signs and Symptoms

Within several minutes of exercising, patients
experience a prodromal phase that consists of
fatigue, warmth, pruritus, and redness of the skin
(erythema). These symptoms then progress to large
hives that become confluent and eventually appear
as angioedema. If the patient continues to exercise,
the attack progresses to systemic anaphylaxis with
cardiovascular (hypotension, tachycardia, syn-
cope), respiratory (wheezing, stridor), and gastro-
intestinal (nausea, vomiting, abdominal pain)
symptoms. Once the attack occurs, it can last from
30 minutes to 4 hours. There can also be a later-
phase reaction that causes headache, fatigue, and
warmth, lasting from 24 to 72 hours.

Testing

The diagnosis can often be made based on his-
tory. Exercise testing can be performed, but it is
cumbersome. Testing needs to be done in a con-
trolled environment with medical personnel, epi-
nephrine, and resuscitative equipment present.
Vital signs and spirometry should be monitored. It
is also recommended that an intravenous (IV) line
be in place both to draw serum markers and to
administer medications if necessary. False-negative
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challenges are common, so testing may need to be
repeated on multiple occasions.

Treatment
Nonpharmacologic

The first step in effective management is to iden-
tify and avoid specific foods, medicines, or other
triggers. Patients may need to limit the intensity
and/or frequency of exercise. The athlete should
avoid exercise for 4 to 6 hours after eating and
during extremely hot, humid, or cold weather. At
the first sign of itching, the patient should stop
exercising immediately. The athlete should also
never exercise alone. It is important to have a part-
ner to exercise with in case of an anaphylactic
attack. In extreme cases, the athlete may have to
switch sports or even stop exercising altogether.
Athletes should also wear a medical bracelet that
lets people know they are prone to exercise-induced
anaphylaxis and may need to receive epinephrine.

Pharmacologic

In the case of an acute attack, antihistamines
can be used as the choice for managing early symp-
toms such as pruritus, but if the antihistamines do
not help/stop the attack, epinephrine should be
administered. Epinephrine should be the first
choice for any severe or rapidly developing symp-
toms. Administration of IV fluids may also help
the patient.

Patients who are identified as prone to exercise-
induced anaphylaxis should carry self-injectible
epinephrine (EpiPen or TwinjJet) at all times, espe-
cially while exercising. They should also train/exer-
cise with a partner, who can inject them if necessary.
Antihistamine therapy has demonstrated only par-
tial benefits in the prevention of anaphylaxis.

Marc A. Molis and Whitney E. Molis

See also Allergies; Angioedema and Anaphylaxis
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ANATOMY AND SPORTS MEDICINE

This entry is designed to provide the reader with a
basic framework for the understanding of gross
muscular anatomy as it applies to sports medicine.
It is intended as a quick reference to the large muscle
groups and their actions rather than a comprehen-
sive anatomical review. The entry’s systematic
approach to major mechanical motions and the
muscles that control them will help the reader
become familiar with the various muscle groups that
work in a coordinated fashion to control the move-
ments of the human body. To complement the text,
it is recommended that the reader consult a standard
anatomical atlas to allow visualization and thus a
better understanding of musculoskeletal anatomy.

Neck

The motion of the neck is described in terms of rota-
tion, flexion, extension, and side bending (i.e., the
motion you would use to touch your ear to your
shoulder). The direction of the action can be ipsilat-
eral, which refers to movement in the direction of
the contracting muscle, or contralateral, or move-
ment away from the side of the contracting muscle.
Rotation is one of the most important actions of
the cervical spine, and it decreases as you move
your neck toward the thoracic and lumbar spines.
Rotation is accomplished primarily by the sterno-
cleidomastoid, which side bends the neck to the
ipsilateral side and rotates contralaterally. Together,
both sternocleidomastoid muscles act to flex the
neck and raise the sternum to assist in forced inha-
lation. The anterior and middle scalenes both act to
ipsilaterally rotate the neck, as well as to elevate the
first rib ipsilaterally. The splenius capitis and sple-
nius cervicis act to rotate the head ipsilaterally.
Side bending is also an important action of the
cervical spine. The sternocleidomastoid is involved
in cervical side bending. The posterior scalene
ipsilaterally side bends the neck and also elevates the
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second rib. The splenius capitis and splenius cervicis
also assist in neck side bending. The erector spinae
muscles (iliocostalis, longissimus, and spinalis) are
the large deep paraspinal muscles of the back. All
three act to ipsilaterally side bend the neck.

Neck flexion refers to the motion used to touch
the chin to the chest and is accomplished primarily
by the sternocleidomastoid as mentioned above. It
is assisted by the longus colli and the longus capi-
tis, which also flex the head and the neck.

Neck extension is the opposite of flexion and is
accomplished by many of the muscles listed above,
including the splenius cervices, splenius capitis,
iliocostalis, longissimus, and spinalis.

Back

The back contains the origins of many of the mus-
cles identified in the previous section. The axial
skeleton provides the literal backbone of the human
body and protects the spinal cord, which innervates
almost all the muscles in the body. The erector
spinae muscles extend and side bend the back. The
semispinalis also extends the back. The small mus-
cles of the vertebrae (multifidi and rotators) pro-
vide rotation, extension, and side bending of the
back. The quadratus lumborum side bends the lum-
bar spine and also depresses the thoracic rib cage.

The scapula is elevated by the trapezius and
rhomboid major and rhomboid minor and levator
scapula.

Shoulder

The shoulder is a complex ball-and-socket joint
comprising the head of the humerus, clavicle, and
scapula. The shoulder’s central motions are flex-
ion, extension, abduction, adduction, internal
rotation, and external rotation, all of which will be
described below.

Shoulder Flexion

Shoulder flexion is movement of the shoulder
in a forward motion. An example of shoulder flex-
ion can be seen when reaching forward as you
would to grasp a door knob. This action is accom-
plished primarily by the deltoid, pectoralis major,
coracobrachialis, and biceps brachii (which is
composed of a long head and a short head).

Shoulder Extension

Extension of the shoulder is opposite to flexion.
Pure shoulder extension is the movement of the arm
directly behind the body, as in receiving a baton in
a relay race. This movement is accomplished by the
latissimus dorsi, deltoid, teres major, and triceps
muscles. The triceps, as the name suggests, consists
of three heads that originate from different surfaces
but share the same insertion at the olecranon pro-
cess of the ulna and act to extend the elbow.

Shoulder Adduction and Abduction

Shoulder adduction and abduction serve to
move the arm toward and away from the body,
respectively, in a lateral motion. They can be visu-
alized by picturing someone doing jumping jacks.
When the arm is moved away from the body, the
motion is called abduction; the arm moving toward
the body is adduction. Adduction is accomplished
primarily by the pectoralis major, latissimus dorsi,
teres major, triceps, and coracobrachialis. The
supraspinatus and deltoid are the two main abduc-
tors of the shoulder.

Shoulder External Rotation

An example of external rotation is seen in a ten-
nis backhand stroke. External rotation of the
shoulder is primarily attributed to the deltoid,
teres minor, and infraspinatus.

Shoulder Internal Rotation

Internal rotation of the shoulder is the opposite
of external rotation. When reaching into your
back pocket, the primary movement of the shoul-
der is internal rotation. This movement is achieved
through the coordinated movement of the pectora-
lis major, latissimus dorsi, deltoid, teres major,
and subscapularis.

The rotator cuff, which acts primarily to stabi-
lize the humeral head, or the ball of the ball-and-
socket shoulder joint, is commonly injured in the
older population and overhead-throwing athletes.
The four rotator cuff muscles are the teres minor,
subscapularis, supraspinatus, and infraspinatus.
Several of these muscles have tendons that run
under the acromion, a bony prominence off the
end of the scapula. These tendons, as well as the
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subacromial bursae, are commonly compressed
and pinched, again in older populations and in
overhead-throwing athletes. This compression is
commonly referred to as shoulder impingement.

Arm, Wrist, and Hand
Forearm Flexion

Flexion of the forearm refers to the shortening
of the angle formed at the elbow, bringing the
hand closer to the shoulder. The primary muscles
involved in forearm flexion are the biceps brachii,
brachialis, and brachioradialis. Minor contribu-
tions to forearm flexion are provided by the cora-
cobrachialis, pronator teres, palmaris longus,
flexor carpi radialis, flexor carpi ulnaris, and
flexor digitorum superficialis.

Forearm Extension

Extension of the forearm is, as you would
expect, the opposite of flexion. It is the action that
serves to increase the angle at the elbow, moving
the hand away from the shoulder. This action is
primarily accomplished by the triceps brachii. The
other muscles that make minor contributions to
forearm extension include the extensor carpi radi-
alis longus, extensor carpi radialis brevis, extensor
digitorum, extensor carpi ulnaris, and anconeus.

Wrist Flexion

Wrist flexion refers to the movement of the
wrist toward the palm. This action is carried out
by the flexor carpi radialis, flexor carpi ulnaris,
flexor digitorum superficialis and profundus and
flexor pollicis longus.

Wrist Extension

Wrist extension is the opposite of flexion and
serves to shorten the angle at the back or dorsum
of the wrist. The muscles responsible for this
action are the extensor carpi radialis longus and
brevis, which also abduct the hand at the wrist; the
extensor digitorum, which also extends the second
to fifth fingers; the extensor digiti minimi, which
also extends the fifth digit and adducts the hand;
and the extensor carpi ulnaris, which also adducts
the hand. Other small muscles that cross the wrist

joint may also add to wrist extension but to only
a small degree, so they will not be covered here.

Wrist Supination and Pronation

Wrist supination refers to the rotation of the
wrist that brings the palm facing up. This is visual-
ized by imagining the hand rotating as if it is hold-
ing a bowl of soup. The supinator acts to supinate
the forearm. The biceps brachii also adds to the
supination. Pronation is the opposing action and
acts to rotate the wrist so that the palm is facing
down. The pronator quadrates pronates the fore-
arm with the pronator teres.

Hand

The hand is a complex structure as it is involved
in fine motor coordination and complex task per-
formance. The muscles of the hand are generally
much smaller and have more extensive nerve inner-
vation. Most of the actions of the hand are coordi-
nated movements and use coordinated muscle
activity to carry out specific movements. The simple
action of typing on a keyboard requires the utiliza-
tion of a multitude of muscles and must be per-
formed precisely. Because of this, the muscles of the
hand will not be covered in detail; rather, the pri-
mary action of each muscle will simply be listed for
general reference. For understanding of the move-
ments of the hand, some knowledge of joint and
bone anatomy is necessary. The main bones of the
hand are the carpal bones, the metacarpal bones,
and the phalanges. The carpal bones refer to the
bones of the wrist and are attached distally and
proximally as well as to each other through a com-
plex arrangement of ligaments. Distal to the carpal
bones are the metacarpals, which refers to the bony
part of each finger within the hand itself. These
bones lie within the part of the hand that you would
call the palm. Extending out from each metacarpal
are the phalanges, the bones of the fingers. Each
joint of the finger is referred to as an interphalan-
geal joint. The last knuckle or joint is the distal
interphalangeal (DIP) joint; the middle knuckle, the
proximal interphalangeal (PIP) joint; and the largest
and closest knuckle, the metacarpalphalangeal
(MCP) joint, as it lies between the metacarpals and
the phalanges of each finger. These are referenced
below in relation to the muscles of the hand.
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The following muscles originate at the posterior
surface of the radius or the ulna, but all have their
actions in the hand. These include the abductor
pollicis longus, which abducts and extends the
thumb; the extensor pollicis brevis, which extends
the MCP joint of the thumb; the extensor pollicis,
which extends the distal phalanx of the thumb;
and the extensor indicis, which acts to extend the
second MCP joint.

Hand Intrinsics

Although several of the muscles of the hand have
their origins in the forearm, there are many small
muscles of the hand that have both their origin and
their insertion within the hand. These are referred
to as hand intrinsics. These include the palmaris
brevis, which assists with grip; the umbricals, which
flex the MCP joints and extend the interphalangeal
joints of the fingers; the palmar interossei, which
adduct the fingers toward the third or middle fin-
ger; and the dorsal interossei, which abduct the
fingers away from the third finger. All the interossei
flex the MCP joints and extend the IP joints.

The thenar eminence is the lateral volar (pal-
mar) muscle complex of the hand, composed of
three muscles that are all innervated by the median
nerve. The abductor pollicis brevis abducts the
thumb. The flexor pollicis brevis flexes the MCP
joint of the thumb. The opponens pollicis acts to
oppose the thumb to the other fingers. The adduc-
tor pollicis is not part of the thenar eminence, but
it acts to adduct the thumb.

The hypothenar enimence is the medial volar
muscle complex of the fifth finger. It contains three
muscles that are innervated by the deep branch of
the ulnar nerve. The abductor digiti minimi abducts
the fifth finger. The flexor digiti minimi flexes the
fifth finger. The opponens digiti minimi opposes
the fifth finger with the thumb.

Abdomen

There are essentially four muscular layers of the
abdominal wall. The innermost layer is the rectus
abdominis, which has longitudinal muscle fibers
that flex the trunk and stabilize the pelvis. The
transversus abdominis has fibers that run perpen-
dicular to the rectus and act to compress and
support the abdomen as well as provide static core

stabilization. The internal oblique layers run per-
pendicular to the external oblique and act in
conjunction with the external oblique on the opposite
side of the body to flex and rotate the trunk toward the
side of the contracting internal oblique (“same-side
rotator”). The outermost layer is the external
oblique, which works as above in conjunction with
internal oblique to flex and rotate the trunk and
provide core stabilization.

Hip
Hip Flexors

The hip joint is another complex ball-and-socket
joint similar to the shoulder; however, as a weight-
bearing joint, it can sustain considerable load. The
socket of the joint, therefore, is much deeper than
that of the shoulder, which allows for greater sta-
bility but sacrifices some of the range of motion
seen in the shoulder. Hip flexion refers to the hip
motion that brings the knee toward the chest.

The major muscles of hip flexion include the
iliopsoas, which is made up of the psoas major,
psoas minor, and iliacus. Together, these muscles
act mainly to flex the hip, but they also contribute
to abdominal flexion and hip stabilization. Other
hip flexors include the sartorius, which in addition
to hip flexion contributes to external hip rotation
and knee extension and abduction; the rectus
femoris, which also acts in knee extension; the
pectineus, whose action includes adduction and
internal rotation; and the gracilis.

Hip Extensors

Hip extension is accomplished using primarily
the muscles of the posterior thigh and buttocks,
which when contracted serve to move the thigh
into a midline from a flexed position or the trunk
into erection when bent forward. Hip extension is
mostly accomplished by the gluteus maximus, the
biceps femoris (which is divided into two heads,
the long head and the short head), the semitendi-
nosus, and the semimembranosus. A minor contri-
bution is also provided by the adductor magnus
and other small pelvic muscles.

Hip Adductors

The movement of adduction is used to describe
a direction of limb motion that serves to bring the
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limb from a lateral position to its more axial align-
ment. Again, picturing the legs during a jumping
jack exercise, one can see abduction when moving
away from the midline, and adduction when mov-
ing toward. The main hip adductors are the adduc-
tor magnus, the adductor brevis, and the adductor
longus. A minor contribution to hip adduction is
performed by the pectineus and the gracilis.

Hip Abduction

Abduction is similar to adduction but in the
opposite direction. This action moves the limb
away from midline in a lateral direction to the
plane of the body. The main abductors of the hip
are the gluteus medius, gluteus minimus, and ten-
sor fascia lata. These three muscles also serve to
internally rotate the thigh in an extended position
and externally rotate the thigh in the flexed posi-
tion. Another minor contributor is the piriformis.

Hip internal rotation and external rotation are
complex movements. As these motions include
many muscle groups and depend entirely on the
position of the hip, they fall outside the scope of
this entry.

Knee
Knee Extension

Extension of the knee is accomplished by a
group of muscles collectively referred to as the
quadriceps femoris (or “Quads”), which increases
the angle of the knee, bringing the lower leg into a
straight position. Knee extension is used in the
forward, swing phase of the gait and is integral in
movements such as kicking. This group includes
the vastus medius, vastus lateralis, and vastus
intermedius and the rectus femoris, which overlies
the above three muscles. A minor contribution is
provided by the sartorius.

Knee Flexion

Knee flexion refers to bending of the knee from
the straight position and is again an essential
motion in a normal gait. The muscles that per-
form this action oppose those of knee extension
and are generally referred to as the hamstring
muscles. Weakness of this muscle group is believed
to contribute to anterior cruciate ligament (ACL)

instability, resulting in ACL rupture, a common
sports injury. Knee flexion is a coordinated effort
that includes the biceps femoris and the semimem-
branosus and semitendinosus muscles. Small con-
tributions are made by the gastrocnemius and
several other smaller and less significant muscles
that cross the knee joint posteriorly.

Ankle and Foot
Ankle Dorsiflexion

The muscles of the lower leg and foot are very
complex and work in many planes. Their actions
depend not only on whether the person is weight
bearing but also on the position of the foot.
Following is a brief overview of these actions.

Dorsiflexion refers to ankle flexion in the direc-
tion of the dorsum, or anterior surface of the foot
(the surface of the foot viewed from above).
Dorsiflexion is accomplished by several muscles
that typically have multiple functions. The tibialis
anterior, which in addition to dorsiflexion also
inverts the foot, stabilizes the foot when striking
and locks the ankle when kicking. The extensor
digitorum longus (EDL) acts simultaneously with
foot extension to extend the last four toes. In addi-
tion to the EDL, approximately 20% of individu-
als have a muscle called the peroneus tertius. The
extensor hallucis longus primarily acts in big toe
dorsiflexion, but it also acts to dorsiflex, as well as
weakly invert, the ankle.

Ankle Plantarflexion

Plantarflexion refers to flexion of the ankle in
the direction of the sole of the foot. This is most
easily demonstrated by having a person stand on
his or her toes. The majority of ankle plantarflex-
ion is performed by the large calf musculature that
includes the gastrocnemius and the soleus (which
lies just behind the gastrocnemius). It is generally
accepted that these are two distinct muscles; how-
ever, there is some debate as to whether the gas-
trocnemius and the soleus are two parts of the
same muscle.

Other smaller muscles include the plantaris,
which runs obliquely between the gastrocnemius
and the soleus; the flexor hallucis longus, which
contributes to ankle flexion but primarily big toe
flexion; the flexor digitorum longus, which also
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flexes the second to fifth toes; the peroneus longus,
which flexes the ankle and everts the foot; and the
peroneus brevis, which, in addition to plantarflex-
ion, everts the foot.

Foot Intrinsics

Foot intrinsics, similar to hand intrinsics, are
muscles that arise from the foot and do not cross
the ankle joint and whose action is confined to
the foot. The bones of the foot are similar in
nature to those of the hand, but the bones of the
foot are referred to as tarsal (instead of carpal)
bones.

The intrinsic muscles of the foot include the
abductor hallucis, which adducts the big toe; the
flexor digitorum brevis, which flexes the second
to fifth toes; the abductor digiti minimi, which
abducts and flexes the fifth toe; the quadratus
plantae, which assists in toe flexion; the lumbri-
cals, which flex the metatarsalphalangeal (MTP)
joints and extend the DIP and PIP joints; the
flexor hallucis brevis, which flexes the big toe;
and the adductor hallucis, which has two heads
that share an insertion on the lateral side of the
base of the proximal phalanx of the big toe—the
oblique head arises from the base of the second to
fourth metatarsal bones, and the transverse head
arises from the ligaments of the MTP joints of the
third to fifth toes, the action of which is to adduct
the big toe. The flexor digiti minimi brevis extends
and adducts the fifth toe. The dorsal interossei
abduct the toes, and the plantar interossei adduct
the toes.

Shane W. Cummings and Christopher Tangen

See also Head Injuries; Knee Injuries; Neck and Upper
Back Injuries; Shoulder Injuries

ANEMIA

Anemia is a condition resulting in reduced num-
bers of red blood cells. It limits the ability of the
blood to carry oxygen and other nutrients around
the body and the excretion of waste products (car-
bon dioxide). The reduction in the red blood cells
results in the starvation of tissues of oxygen and

nutrients. Anemia may occur in a variety of peo-
ple, especially athletes.

Persons with anemia feel tired and become
fatigued easily. Symptoms of anemia may include
the following;:

e Paleness

e Weakness

e Chest pains (severe cases)

e Shortness of breath (severe cases)

e Heart palpitations (severe cases)

e An increased heart rate

e Weight loss

e Fatigue

e Numbness and tingling in the hands and feet
e Depression

Women are more likely than men to have ane-
mia due to menstruation. Of the various causes of
anemia, only some are mentioned here to present a
brief idea of the condition:

e External bleeding/trauma
e Chronic disease
e Iron deficiency anemia
0 Loss of iron at a greater rate than
normal (blood loss)
o Poor absorption of iron
o Low-iron diet

e Vitamin B, anemia

o Failure of the stomach lining to
produce intrinsic factor

o Removal of the small intestine
o Crohn disease

e Folic acid deficiency

e Pregnancy

e Alcoholism

o Bleeding disorders

e Infection

e Hereditary conditions

Although there are more than 400 different
forms of anemia, this entry addresses only those
anemias related to or caused by sports.

Sports Anemia

Sports anemia refers to a period in early training
when athletes develop low blood hemoglobin for a
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while, likely reflecting normal adaptation to physi-
cal training. Aerobic training increases blood vol-
ume, fluid volume, and red blood cell count. While
true anemia requires treatment, temporary reduced
red blood cell count seen early in training goes
away by itself after a while.

Physically active young women, especially those
engaging in endurance activities such as distance
running, are prone to iron deficiency. Iron status
may be affected by exercise in a number of ways.
One possibility is that iron is lost in sweat, and
although the sweat of trained athletes contains less
iron than that of others, it is simply an adaptation
to conditioning. Still, athletes sweat more pro-
fusely than sedentary people.

In addition, in some athletes at least, physical
activity may cause small blood losses through the
digestive tract when they take aspirin for sores or
to relieve pain.

Low intake of iron-rich foods, combined with
iron losses aggravated by physical activity, leads to
iron deficiency in physically active individuals. It
impairs physical performance because iron is cru-
cial to the body’s handling of oxygen. Since one
consequence of iron deficiency anemia is impaired
oxygen transport, aerobic work capacity is reduced
because the person tires very easily.

Sports Hematology

The most common finding in athletes is a dilu-
tional pseudoanemia that is caused by a plasma
volume expansion rather than an actual blood
loss. Pseudoanemia is not a pathological state and
normalizes with training cessation in 3 to 5 days.
Pseudoanemia should be distinguished from con-
ditions associated with lowered blood counts. To
determine the true anemia state in an athlete, one
must take into account not only blood losses sec-
ondary to exercise, such as foot strike hemolysis or
iron losses through sweat, but losses due to non-
athletic causes as well. Depending on the age and
sex of the athlete, consideration must be given to
evaluation of the gastrointestinal or genitourinary
systems for blood loss. Finally, a comprehensive
nutritional history must be taken, as athletes, espe-
cially women, frequently do not consume adequate
dietary iron.

Although experiments with blood doping revea-
led improvements in running time to exhaustion

and maximal oxygen uptake, the introduction of
recombinant erythropoietin has rendered blood
doping little more than a historical footnote.
However, improvements in performance are not
without risk, and use of exogenous erythropoietin
has the potential for increased viscosity of the
blood and thrombosis with potentially fatal
results.

Pseudoanemia

Regular physical training leads to an increase of
plasma volume by 10% to 20%. Therefore, a
hemoglobin concentration slightly below normal
values in the presence of low-normal serum ferritin
levels in athletes is usually due to a dilutional
pseudoanemia. Since regular physical activity
increases iron loss, mild iron deficiency and some-
times true iron deficiency anemia can occur, espe-
cially when nutritional iron intake is insufficient
and iron demand is increased because of growth or
additional iron loss (menstruation).

Iron Deficiency in Female Athletes

Low levels of iron in the body are caused by several
mechanisms and become symptomatic with the
onset of iron deficiency anemia. Female athletes
have an additional source of blood loss, menstrua-
tion. However, the most common cause of low
hemoglobin levels in an athlete is dilutional pseudo-
anemia. Athletes are more sensitive to the effects of
anemia and iron deficiency as exercise performance
depends on maximal oxygen-carrying capacity to
the active muscle and efficient oxygen utilization.
Iron deficiency without anemia can also reduce
athletic performance. Diagnosis is made by a blood
count and red blood cell parameters, with ferritin
serving as an index of body iron stores.

Iron Status in Athletes

Iron replacement would clearly be indicated if iron
deficiency was present but would not be necessary
if the observed changes were simply a physiologi-
cal response. It is acknowledged that serum ferri-
tin and hemoglobin decrease with some exercise
conditions. Expansion of plasma volume and the
shift of iron storage from the bone marrow to the
liver show that the apparent reduced-iron status
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occurring with exercise is misleading. Iron defi-
ciency is common in the general population, par-
ticularly women. Therefore, continued monitoring
of iron status in athletes is necessary.

Football Players

It is important to monitor levels of serum iron
and other factors of iron metabolism and oxygen
transport as they play an important role in the
functional ability of football players. A decrease in
serum iron level can be the very first sign of devel-
opment of iron deficiency anemia.

A significant decrease in serum iron level among
footballers during both half-seasons is most prob-
ably due to increased loss and/or diminished
absorption resulting from a high-intensity training
process. Because the decline in serum iron may be
an early sign of iron store depletion and iron defi-
ciency anemia, it is important to evaluate it regu-
larly, along with other factors of iron metabolism
and oxygen transport.

Cyclists and Runners

Another cause of iron loss is red blood cell
destruction; blood cells are crushed when body tis-
sues (soles of the feet) make high-impact contact
with an unyielding surface (the ground). This usu-
ally occurs in long-distance runners and cyclists.
This occurs alongside pseudoanemia.

Supplements and Blood Doping

Athletes tend to have lower hemoglobin concen-
trations than their sedentary counterparts; this is
called sports anemia. It is a false anemia and a
beneficial adaptation to aerobic exercise, caused
by an expanded plasma volume that dilutes red
blood cells. Athletes, however, can also develop
true anemia, most commonly caused by iron defi-
ciency. True anemia inhibits athletic performance,
but nonanemic iron deficiency does not. Iron sup-
plements are useful for women endurance athletes
who repeatedly develop iron deficiency anemia
despite dietary advice. Supplementation improves
performance only when hemoglobin concentration
increases. Some endurance athletes today are
blood doping by abusing recombinant human
erythropoietin (rEPO).

Prophylaxis and Correction

Antioxidants, detoxicants, and membrane protec-
tors are used. These treatments have a beneficial
effect on the content of hemoglobin in erythro-
cytes. They appear beneficial to mechanisms of
development of anemia during oxidative stress and
are used for correction of the functional state of
sportsmen.

Other therapies for anemia may include oxygen,
fluids, fresh frozen plasma, platelet replacement,
and vasopressors (medication to elevate blood
pressure).

M. Waqgas Khan and Myra Ahmed

See also Dietary Supplements and Vitamins; Female
Athlete; Nutrition and Hydration
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ANGER AND VIOLENCE IN SPORTS

Violence and sports have been linked together,
misleadingly, for the past several decades due to
incidents where athletes have engaged in either
unsportsmanlike or, in the extreme, criminally
aggressive behavior inside or outside their sporting
arena. Consistent with this theme, anger has been
implicated as a “bad emotion” that always leads to
violence. The evidence that athletes are more angry
or violent than nonathletes is spurious at best and
gathers the bulk of its support from isolated inci-
dents where athletes have transgressed, sometimes
with very public and very extreme displays.

Theories Associated With Sports and Violence

Five theories are outlined below to illustrate the
relationship between anger and aggression in
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sports. This provides a historical perspective of the
thinking in the field and will lay the foundation for
how interventions have been developed.

Frustration-Aggression Hypothesis

The earliest theory explaining the origins of
aggression was the frustration-aggression hypoth-
esis, advanced by John Dollard and his colleagues
at Yale in 1939, which stated that aggression was
always a consequence of frustration. Frustration
was defined as occurring at times when the subject
was unable to reach his or her goal. And though
there have been several theories that have added to
and refined this, it is easy to see this theory’s appli-
cation to the world of athletics. In fact, considering
how frequently athletes try and do not succeed, it
is perhaps surprising that athletes are not more
aggressive.

Completion Hypothesis

Thirty years after the frustration-aggression
hypothesis was introduced, Leonard Berkowitz
put forward the completion hypothesis, which
proposed that it was not just frustration that
would lead to aggression, but when one experi-
ences an aversive stimulus—which could be heat,
noise, or fatigue—one is more likely to experience
negative emotions, and these stressors, modulated
by one’s associated thoughts, lead to the instiga-
tion of aggressive behavior. For athletes, this could
be exhaustion from training camp, the pain of nag-
ging injuries that will not go away, the boos of the
crowd, or the criticism of coaches or the media.
The ability to prevent these stressors from affect-
ing one’s emotional, and in turn physical, volatility
is one component of mental toughness.

Catharsis

Originating in the writings of Sigmund Freud,
catharsis is the concept that emotions that are not
released can build up, like steam in a pressure
cooker, and the releasing of that energy is necessary
for the individual’s well-being. In sport, there are
many opportunities for cathartic release, and the
visceral satisfaction of dominance, especially ampli-
fied by the praise of the coaches and the roar of the
crowd, can easily goad an athlete to be violent. The

difficult task is to teach athletes when and how to
release their pent-up energy in a focused, goal-
directed manner that assists, rather than detracts
from, their success in sports.

Behavioral Conditioning

Violence, like any other behavior, will increase
or decrease in frequency based on the reinforce-
ment or punishment that follows it. In sports, this
is especially the case, but it can also be very confus-
ing for an athlete. If a football player is lauded for
sacking the quarterback and ending a drive, he is
going to be more driven to repeat this behavior.
Add to the equation that the player is to attempt to
tackle the quarterback but must do so before he
passes the ball. If he hits the quarterback after he
throws the ball, not only is it a penalty, which
hurts his team, but he may be suspended from play
and/or fined at the professional level. This creates
a differential reinforcement paradigm that can lead
athletes to engage in aggressive behavior that falls
within the rules of the game in one venue but is
illegal in another.

The belief is that in contact and collision sports,
the positive reinforcement so outweighs the pun-
ishment for aggressiveness that those participants
are bound to be more violent. The logic makes
sense, and athletes could benefit from learning
skills to control their emotions and behavior, but
the research is insufficient to conclude that athletes
who play contact and collision sports are more
likely than others to be violent.

Inverted-U Hypothesis (Yerkes-Dodson Law)

The inverted-U hypothesis, an updated version
of the Yerkes Dodson law originally postulated in
1908, describes a curvilinear relationship between
performance and arousal. Simply stated, as arousal
increases, performance increases as well, but only
up to a point. After that point is reached, perfor-
mance decreases.

Studies of emotion in sports have supported this
theory to a degree but with caveats. Individual dif-
ferences have been noted, because different people
experience emotion differently and it affects their
performance differently. Also, there are task differ-
ences, meaning that some tasks have higher or
lower levels of arousal before performance starts to
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decline. An example of this is related to anger
arousal and different sports. A skill that requires
fine motor coordination and concentration, such as
putting in golf, will be negatively affected by com-
paratively lower levels of anger than the game of a
football player when a defensive lineman is bull-
rushing an opposing blocker, where higher levels of
anger arousal may augment performance. Overall,
anger at low and moderate levels can improve
sports performance as it can contribute to increased
stamina, energy, and strength with a lower percep-
tion of pain, but like other emotions, at higher lev-
els, it can have a negative impact on performance.

Definitions
Anger

Anger is a normal emotion that everyone expe-
riences from time to time in varying intensities.
The body responds to anger with physiological
arousal of the sympathetic nervous system. Often,
anger is experienced in response to a real or per-
ceived threat, insult, or provocation, but it can also
stem from generalized irritability. Anger as an
emotion should not be confused with the behavior
that follows an emotion. Anger is an emotion that
can be acted on outwardly, as in arguments or
fights, or inwardly in the form of depression or
anxiety. People sometimes believe that they get
into trouble when they get angry. People do not
necessarily get into trouble whenever they are
angry, but they may get into trouble for what they
do when they are angry. At very high levels, as
explained in the previous section, anger can inter-
fere with performance. Extreme anger can lead to
poor decision making, decrease in fine motor coor-
dination, slowing of cognitive processing speed,
and impulsivity. At low and moderate levels, how-
ever, anger can improve sports performance by
increasing strength and stamina while decreasing
the experience of pain and exhaustion.

Aggression

Aggression has often been used to describe
behavior with the intent to harm someone. This is
but one aspect of aggression. Being aggressive is a
positive quality that leads to success in sports and
in life because it refers to the tenacity with which a
person pursues his or her goals, thus the delineation

of instrumental versus reactive aggression. Instru-
mental aggression in sports is aggression whereby
the main intention is to achieve a sports-related
goal. It may happen that an opponent, a team-
mate, or even the athlete himself may get injured in
the process, but this is a side effect of the action,
not the goal. An example may be a basketball
player driving hard toward the basket for a layup
and accidentally striking an approaching opponent
in the chest with an elbow. The goal was to score
the basket, not to injure the opponent. Instrumental
aggression is the type of aggressiveness that needs
to be harnessed and encouraged to lead to success
in sports.

Reactive aggression, however, is behavior that
has harming another as the primary goal. It is
related to extreme anger and is usually a response
to a perceived injustice by another player. An
example would be a pitcher who throws the base-
ball at the head of the batter who hit a home run off
him when previously at bat. It is reactive aggression
that is of concern for athletes on and off the field.

Violence

Reactive aggression in its most extreme form is
violence. Sports violence has been defined by sport
psychologists as harm-inducing behavior outside
the rules of sport, bearing no direct relationship to
the competitive goals of sport.

Not all violence is related to anger, and there
are times when violence may actually look like
instrumental aggression. The coach who instructs
players to injure another athlete so as to give their
own team a better chance to win is not acting out
of anger but with the goal of winning, although by
doing so he is exhibiting and fostering exceedingly
poor sportsmanship. Thus, reactive aggression
may be spontaneous, in response to a set of cir-
cumstances, and needs to be curtailed because of
the likelihood of player injury; it is far more dis-
tressing when there is a systematic plan to injure
someone. This behavior is premeditated and crimi-
nal and has no place in sports.

Assertiveness

The term assertiveness has at times been used
interchangeably with instrumental aggression. They
are, however, very different. Assertiveness refers to
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one’s willingness to stand up for one’s rights. It is
an important quality for athletes to have when
communicating with their coach, their teammates,
or other people in their life. Assertiveness is a style
of communication; it is not aggressiveness.

Hostility

Hostility is a description of personal tempera-
ment; a hostile person is one whose predominant
trait is anger. Often having a hostility bias, those
with chronic anger tend to perceive neutral stimuli
as provocative and have difficulty finding nonpro-
vocative explanations for events (i.e., a hostile
person may imagine that the person who bumped
into her walking down the hall #ust have done so
out of malice rather than by accident); such a per-
son will have trouble generating nonviolent
responses to such situations.

Violence in Sports

The public perception of athletes’ tendency toward
violence has been perpetuated by the heightened
attention that athletes receive. Furthermore, the
attention that an athlete receives may be com-
pounded by the popularity of that athlete, the
level of competition (professionals get more atten-
tion than amateurs), and the concentration of
media attention given to sports in a particular
region.

Using the broadest definition of athlete, athletes
represent a population of millions worldwide, and
there is no evidence that athlete identification is
connected with violence. There have been studies
that have associated athletes with elevated levels
on anger scales, increased incidence of deviant
behavior as compared with their nonathlete
cohorts, and overrepresentation in sexual assault
studies. These studies have many limitations, and
the conclusions have limited generalizability.

The main reason why there is a perception that
athletes are more violent than nonathletes is that
so much attention is paid to sports and their par-
ticipants. When an athlete is involved in a trans-
gression, it is swept up by the media very quickly,
as if to imply that being an athlete is somehow
contributory to such behavior, whereas a nonath-
lete may engage in the same behavior without it
being publicized.

Prisons in the United States are not overrun
with athletes, and those who were athletes are in
jail for their criminal behavior, not their athletic
behavior. Similarly, there is no way to identify
how many youths were diverted by their involve-
ment in sports activities who otherwise would
have gone down the path of violence.

There are athletes who engage in violent behav-
ior. Considering the ubiquity of violence in our
society, it would be unrealistic to believe that sports
involvement could provide sufficient insulation to
make athletes exempt from this trend. However,
there is insufficient evidence to conclude that ath-
letes are more violent than their nonathlete peers.

Problems With Research

One of the central reasons why studying anger and
violence in sports is so difficult is that measuring
those constructs has limited generalizability. This
is true in the clinical literature as well. It is a mis-
take to assume that people who score high on
anger scales always become violent. Questionnaires
have limitations as how people report their emo-
tions, attitudes, and behavior. Because question-
naires are often the best tool researchers have,
despite their shortcomings, it is important to iden-
tify what has been used both to springboard fur-
ther research with them as well as to stimulate the
development of other methods of assessing anger
and violence in athletes for future use. The instru-
ments that have been used the most in the sport
psychology literature are the Profile of Mood
States (POMS) and the State Trait Anger Expression
Inventory—second edition (STAXI-2). Other instru-
ments that have been used less frequently but show
promise are Bredemeier’s Athletic Aggression Inven-
tory (BAAGI) and the Competitive Aggressiveness
and Anger Scale (CAAS), developed by Jon Max-
well and his colleagues.

Observation of behavior is challenging unless
an individual is acting out with high regularity.
This is unlikely as this type of behavior tends to
select the athlete out of competition; the behavior
hurts the team’s performance, and the athlete then
sees less playing time.

Arrest records are also misleading because an
arrest does not necessarily indicate guilt. Further-
more, many factors go into whether or not some-
one is convicted, with innocence being only one of
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them; so the number of convictions cannot be used
as an indicator either. Often, the quality of repre-
sentation is a strong predictor of trial outcome and
length of sentence.

For this reason, athletes who are involved in
high-revenue sports and make more money should
not be compared with other athletes with regard to
brushes with the law, but rather, they should be
considered along with other celebrities, such as
music and film entertainers. If this is done, the
impression that athletes are not held accountable
for their deviant behavior might be understood in
a more appropriate context.

Admittedly, the field of sport psychology needs
to study the relationship between anger, sports,
and violence in greater detail.

Athletes at Risk

Because athletes are under greater scrutiny than
most people, they are often held to a higher stan-
dard. Therefore, anger management skills, which
are life skills that all people need to learn, become
even more important for athletes who may be mea-
sured with a lower threshold of acceptability.
Additionally, behavior that is considered a nor-
mal part of the game may be illegal when pre-
formed outside the sports arena. For example,
tackling someone is an expectation on the football
field but is considered as assault outside that
domain. This presents a potential stimulus differ-
entiation problem for athletes as the same behav-
ior will be differentially reinforced or punished in
different contexts. It therefore becomes incumbent
on coaches, administrators, and parents to teach
young athletes how to recognize and regulate their
emotional states so as to be in the best position to
control their behavior on and off the field.

Drugs and Violence

Though outside the sports arena drugs and vio-
lence tend to go hand in hand, drugs are rarely the
explanation offered for an athlete’s propensity for
hostile aggression. The most popular exception to
this are anabolic androgenic steroids (AAS), drugs
that increase testosterone levels, strength, muscle
mass, and speed and, as a whole, present an
opportunity for unfair advantage as athletes can
outperform their “normal” biological limits. The

term roid rage was coined to define a psychotic,
violent reaction to AAS abuse. Many experts over
time have stated that the incidence of roid rage is
greatly exaggerated, concluding that it occurs very
rarely. One of the difficulties, however, is that even
if the base rate is extremely low, when there is an
incident, it is often quite severe and gets a great
deal of attention. The consequences are so signifi-
cant that the low incidence rate is ignored, and the
perception is that it is a more common occurrence
than in fact it is. Research has associated elevated
testosterone levels with increased aggressiveness.
However, the research that shows that increase in
violence is caused by steroids is equivocal.
Scrutinizing the information, it is more accurate to
say that AAS abuse is contributory toward vio-
lence rather than causative. The conclusions are
based on the following:

e There are many AAS abusers who never become
violent.

e Studies have not been able to control for the fact
that people who endorse violence as a means to
solve problems did not feel that way prior to
AAS abuse.

e It is known that physical irritability is a
precursor to aggressiveness. Steroid use often
makes the user physically irritable, but not
everyone becomes violent when they are
irritable. Therefore, it is easier to conclude that
AAS cause irritability, which in turn can lead to
violence, than that AAS directly cause violence.

e Many medications and drugs have psychiatric
side effects, but they appear very rarely. It is
difficult to conclude, given the difficulties in
conducting research on steroids, the likelihood of
other factors contributing to a psychiatric
reaction, the possible use of other illicit drugs,
the personality variability of the abuser, and the
accuracy of AAS dosages taken, that AAS alone
are the causative agent in a roid rage reaction.

That is not to say that other drugs, legal or ille-
gal, when abused by athletes cannot lead to vio-
lence. Most commonly, abuse of heroin and cocaine
is self-selecting with athletes, meaning that athletes
are less likely to develop severe addictions with
either drug because if they do, it would interfere
fairly quickly with their ability to perform as ath-
letes. Therefore, even if these drugs were implicated
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with a heightened propensity for violence, athletes
do not commonly abuse these drugs, so they are
less likely to be the cause of violence by athletes.

Alcohol, on the other hand, owing to its disin-
hibitory properties, can make athletes who are
prone to violent acting out more likely to indulge
in violent behavior when under its influence.
Athletes are not more vulnerable to alcohol’s
effects than nonathletes, but because of greater
media attention, and perhaps because they may be
more capable of doing damage, athletes who
become violent when intoxicated are likely to find
their names in the newspaper. Athletes who abuse
prescription pills with similar disinhibitory proper-
ties, such as benzodiazepines (Ativan, Xanax, and
Klonopin), may be at similar risk.

Alcohol may be the greatest contributor to vio-
lence at sports events, but this is more true of fans’
unruly behavior while under its influence than of
the behavior of athletes.

All the same, AAS abuse has been linked to ath-
lete violence more often than any other illicit drug;
however, the conclusion that AAS causes violence
has not been supported.

Anger Management

As noted above, it is not anger per se that is the
problem. Extreme levels of anger interfere with
peak performance, and episodes of reactive aggres-
sion can lead to violence on and off the field. The
goal, then, is not to ensure that athletes refrain
from becoming angry but rather that they learn
how to manage their anger and keep it at workable
levels so that it can contribute to rather than sabo-
tage performance.

Emotion Labeling

For athletes to become proficient at modulat-
ing their emotions, they need to become accus-
tomed to identifying how they feel. Rarely does
one verbalize an emotion when asked how one
feels; usually, the question is responded to with
“Okay” or “Fine.” Emotion-labeling problems
are commonplace in American society. Expanding
athletes’ vocabulary in describing how they feel is
an important place to start, and this naturally
expands to how their body reacts to emotion,
specifically anger.

Education on Physiological Response to Anger

Because kinesthetic awareness is crucial to ath-
letic success, athletes tend to be quite sensitive to
changes in how their body feels. Thus, educating
athletes about the bodily changes associated with
anger (sympathetic nervous system arousal) enables
them to relate easily to what is being described.

Expected physiological changes include increa-
ses in

e heart rate,

e breathing rate,

e blood pressure,

e muscle tension,

e sweating/perspiration, and
e the urge to urinate.

Helping the athlete understand that these signs
are nearly identical to how their body reacts when
they are anxious or nervous can sometimes nor-
malize the experience as this is associated with the
“butterflies in the stomach” seen in precompetitive
anxiety. Remind the athlete that this is completely
normal and is just a sign that his body is getting
ready to do the things it has been trained for.
Depending on the level of understanding of the
athlete, one can either explain the physiology in
detail or explain the “fight or flight” response as a
programmed survival response and that these
changes would help the athlete survive in the face
of a threat.

The body does not realize that the athlete is get-
ting ready to participate in a sport any more than
it understands that you will not fight whenever
you get angry. The spike in emotion coincides with
your body getting ready to go.

This can be confusing for the athlete as the signs
said to be produced by anger are also those that
they normally see when participating in sports
without an increase in anger. This discussion is
important because it explains why it is so much
harder to identify, let alone modulate, one’s emo-
tion during competition. To do this, one must
become proficient in doing so in less stressful cir-
cumstances, outside the sports arena, first.

The physiological changes described above are
said to be “all or none,” meaning that when one
is triggered by excitation, they all increase.
Similarly, when one decreases, they all decrease.
Identifying the bodily changes that one can directly
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control, namely, breathing rate and muscle ten-
sion, throws light on how to slow down the whole
body and relax.

Last, by becoming more familiar with how their
body feels when they are becoming increasingly
angry, athletes can use the bodily cues as triggers
to begin de-escalation techniques.

Arousal Management/De-Escalation

The skills most commonly prescribed to help
athletes calm themselves are diaphragmatic breath-
ing and imagery and visualization, but these are
only two of several methods athletes can use.

Diaphragmatic breathing is a skill whereby an
athlete can maximize oxygen intake by focusing on
breathing deeply, flexing the diaphragm down and
out, which results in the abdomen expanding out-
ward as the lungs fill. The slow inhalation is fol-
lowed by a significantly longer (some advise twice
as long) exhalation through pursed lips. Repeating
this process can help the athlete relax when tense
or become more proficient at relaxing on demand.

Progressive muscle relaxation is another set of
skills whereby the athlete is trained to control the
tension of the muscles by alternatively, consciously
flexing them, holding the tension and then slowly
releasing it. This is done muscle group by muscle
group and takes a good deal of time to gain profi-
ciency in. Because the muscle tension, like the other
sympathetic nervous system responses, is primarily
all or none, the athlete can learn to relax the whole
body by relaxing a single muscle group.

Another method of relaxation that is useful for
athletes is imagery and visualization. Especially
powerful is using imagery and visualization in con-
junction with other relaxation techniques—for
example, timing the athlete’s diaphragmatic breath-
ing with the ebb and flow of the ocean’s waves, as
they may be synergistic. First, the athletes can be
guided through a relaxing scene, such as a quiet
beachscape or any place athletes feel is particularly
tranquil, where they can provide details of the sen-
sory experience. There, the athletes are in charge
of their visualization and are reminded of their
ability to control their minds, their bodily response,
and, ultimately, their ability to relax.

This can progress toward using imagery as a
means to visualize the perfect sports performance
and then, ultimately, a training ground where they

can react to unforeseen obstacles and become pre-
pared to “read and react.” This works particularly
well when anger is elicited early on, demonstrating
its negative impact on cognitive processing and
later, when the athlete becomes more proficient,
remaining calm and able to solve problems despite
potentially frustrating circumstances.

Music has also been found to have a profound
impact on athletes’ moods and arousal levels. Just
as many athletes use music as part of their invigo-
rating, precompetition routine, music can also be
used to calm and center oneself, assisting with
focus prior to competition.

All these tools, and others, can be used indi-
vidually or in combination to assist athletes with
increasing their emotional self-control, allowing
them to adjust the “volume” of their emotions.

Trigger Recognition

By identifying the circumstances that are likely
to lead to an athlete becoming angry, athletes can
learn to recognize their triggers early and use their
newly acquired arousal management tools to de-
escalate rather than spontaneously react to a
provocation. While these are often individualized,
there are some triggers, called direct triggers, that
are fairly universal and would lead most people to
anger and to react forcefully. Direct triggers can be
physical, such as being struck by another person,
or they could be verbal. Verbal triggers could be
insults, rudeness, cursing, accusations, unwelcome
comments, or prejudicial comments.

Indirect triggers are more individualized and
often are referred to as that athlete’s “buttons” that
can be pushed. They may be related to the athlete’s
insecurities, such as being called slow or weak, or
may be denigrating comments about teammates or
family members. It is a sign of greater personal
strength to not react to these provocations as, often,
the person’s natural response is to react to the
insult with a counterattack. By knowing themselves
well, athletes are in a better position to recognize
their triggers and compose themselves rather than
respond in a way that is often as self-destructive as
it may be dangerous to the provocateur.

Problem Solving

As mentioned earlier, frustration is a common
precursor to anger and/or aggression. When athletes
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have difficulty solving problems, they are usually
going to have more difficulty controlling their tem-
per as well. Because problem solving becomes
more difficult when the individual is very angry,
there is the potential for an escalating cycle that
ends badly. The whole situation gets further com-
pounded when the athlete also has a hostility bias
and has difficulty cognitively processing situations
when angry. For this reason, teaching athletes
basic problem-solving skills can go a long way
toward keeping their emotions from interfering
with their performance.

On a very basic level, the athlete must first be
able to understand the factors that are involved in
the problem that they face. This starts with a
review of the 5§ Ws and H—Who, What, Where,
When, Why and How:

e Who is involved in the problem?

e What is the problem, and what details are
important?

e Where is this occurring?

e When does it occur, and when do I need to solve
this?

e Why is this a problem for me, and why is it
difficult to solve?

e How did this become a problem, and how am I
going to solve it?

Once the athlete is able to answer the associ-
ated questions, he or she can then generate a list
of possible solutions. The athlete is encouraged to
brainstorm solutions, and even if the problem is
not sports related, using sports-based metaphors
and hypothetical challenges can help the athlete
feel increasingly confident of finding solutions to
difficult problems. Often the athlete gets stuck
because of difficulty generating multiple possible
solutions, but with practice, the athlete will
become more proficient in identifying several
options that might help in solving the problem.
This increasing self-efficacy in solving problems
can help stave off frustration at not being able to
find a solution easily.

Communication and Assertiveness Training

Once athletes get angry, their behavioral options,
not to mention their word selection, become
increasingly limited. Athletes can increase their

personal strength by improving their communica-
tion skills, without which they will be more likely
to become frustrated and less likely to reach their
goals. For example, an athlete who is annoyed that
he is not getting the amount of playing time he
thinks he deserves is unlikely to persuade the coach
to increase his playing time by yelling at the coach
and demanding that she do as he says. Though it
would be completely understandable for the ath-
lete to be upset with the coach not meeting his
requests, he would have a much better chance of
meeting his objectives by calmly, in an even tone,
asking to speak with the coach. He should then
explain his frustration, why he would like more
playing time, what he is willing to do to earn more
playing time, and why it is in the team’s best inter-
est to give him more playing time; be receptive to
the coach’s feedback and respectful of the coach’s
authority; and leave the conversation poised and
accepting of the outcome.

Good communication skills can improve with
practice, and understanding how control of intense
emotions can contribute to the process is crucial.
Assertiveness training is a way to help athletes
learn how to present themselves appropriately and
stand up for their rights. It is important, however,
to understand that although athletes have a right
to be heard, their wishes do not have to be obeyed
complied with by the coach or by anyone else.
With their emotions in check, athletes are less
likely to be frustrated when they are able to meet
their goals through effective communication.

Cognitive Restructuring

People often become angry because of cognitive
distortions: errors in the way they think, which
lead them to see normal situations as provocative
and have irrational ideas on how things should be.
Athletes are no different in this regard, and teach-
ing them to recognize that they may be perceiving
things inaccurately and generating other views that
may explain what they are seeing or experiencing
can lead to improved emotional control and
increased interpersonal relatedness. This skill is
particularly useful with athletes who have the
aforementioned “hostility bias,” because it pro-
vides them an opportunity to challenge their previ-
ously existing cognitive tendencies that to them
justified violence.
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Prediction of Consequences

Even though there are plenty of things that happen
that cannot be predicted (e.g., the outcome of a
game or a match), there are also a great many that
can. Many people do what they do in the heat of
the moment and do not consider the consequences
of their actions ahead of time. Athletes are often
seen engaging in this type of behavior when they
argue with a referee or umpire or get into a fight
with another player. In the moment, they may
think that they are justified in what they are doing,
but would they still behave that way if they were
fully aware of how important participating was to
them and that they were risking being suspended
and unavailable to help their team? Many people
who engage in violent behavior claim that they
could not control their impulses, but as you review
their circumstances, if you change some details, you
will find that most people control their impulses
selectively, based on what they believe the outcome
will be. Thus, teaching people to predict the conse-
quences of their behavior can have a great impact
on the decisions that they make in the moment.

It is important to remember that younger ath-
letes will have more difficulty than those who are
more mature in considering the longer-term conse-
quences of their actions. That is why it is so impor-
tant to teach these skills to youthful athletes as
early as possible.

Mitch Abrams

See also Sport and Exercise Psychology
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ANGIOEDEMA AND ANAPHYLAXIS

Exercise-induced anaphylaxis and angioedema
(EIA) is defined as a systemic allergic reaction spe-
cifically triggered by exercise. It is different from
exercise-induced urticaria, or “hives,” in that there
does not have to be an elevation in core body tem-
perature for it to occur. Urticaria is often associ-
ated with EIA, though it is most often different in
character from exercise-induced urticaria. While it
is seen in people of all ages, it is more often seen in
late adolescence and early adulthood. Up to half of
the patients have a personal history of atopy and
two thirds have a family history of atopy. Although
there are thousands of cases documented, only one
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death has been reported; however, some cases may
go undocumented.

EIA is triggered only by physical activity, unlike
cholinergic (exercise-associated) urticaria, which is
triggered by an increase in core body temperature.
EIA can be triggered by any physical activities, but
aerobic activities have a stronger association. Brisk
walking, running, aerobic sports, and dancing are
the most commonly cited triggers.

The natural history of EIA involves four phases,
and it can vary in severity from person to person.
Within several minutes of exercise initiation,
patients undergoing an EIA attack experience
warmth, fatigue, erythema (redness), and pruritus
(itching). This is the prodromal phase. The attack
may be abated if these symptoms are recognized by
the patient. Then in the early phase, large hives
develop, which coalesce to become angioedema,
particularly around the face and extremities. If
exercise is continued, anaphylaxis, with cardiac
(hypotension, syncope), respiratory (wheezing,
stridor), and gastrointestinal (colic, nausea, vomit-
ing) symptoms, develops. This is the fully estab-
lished phase, and it is in this phase that EIA is most
life threatening and most differs from cholinergic
urticaria. The attack can last from 30 minutes to 4
hours. A late phase may occur, which includes
headache, fatigue, and warmth. This can last for
24 to 72 hours.

Certain conditions may increase the likelihood
of EIA. Symptoms are more likely to occur in
women during menstruation. Aspirin as well as
nonsteriodal anti-inflammatory drugs (NSAIDs)
can increase the likelihood of attacks, and they are
the medications most often linked to EIA. Increased
ambient temperature or exposure to known aller-
gens may also increase the likelihood of attack.

There are several subtypes of EIA. Urticaria that
typically develops with EIA is 10 to 15 millimeters
(mm) in diameter, though 10% of patients have
urticaria similar to that with exercise-induced urti-
caria, with small wheals 1 to 4 mm in diameter.
This is known as variant-type EIA. In addition,
other subtypes include familial and food-dependent
EIA. Food-dependent EIA requires both food
ingestion and exercise. Either one alone will not
produce the symptoms. This is a Type 1 immune
response, with positive skin-prick allergy tests for
the food. Exercise occurs within 3 hours of food
ingestion. Shellfish, celery, chicken, hazelnuts,

apples, peaches, grapes, wheat, grain flour, and
cabbage have been implicated as foods that are
more likely to predispose to an episode of EIA.

The mechanism of EIA is still not fully under-
stood. From skin biopsies and blood samples,
however, it is known that there is mast cell degran-
ulation and elevated histamine levels. It is postu-
lated that EIA occurs when an antigen is bound by
immunoglobulin-E (IgE) to release histamine from
mast cells or basophils. Skin mast cells degranulate
and release histamine, which is the most likely
mediator of symptoms. Other vasoactive factors
released include prostaglandin D2, leukotrienes C
and D, platelet-activating factor, and bradykinin.
Elevated tryptase levels have also been docu-
mented. Proteins, polysaccharides, and haptens
can initiate an IgE response. Haptens are not
immunologically active alone but become so after
binding with a host protein. The complement
pathway may also contribute. It is possible that
exercise stimulates release of a particular antigen
to stimulate IgE activation and mast cell degranu-
lation. In food-dependent EIA, it is possible that
food or exercise provides a necessary cofactor for
the reaction to occur. NSAID-associated EIA may
have a mechanism that involves alterations in
arachadonic acid metabolism.

Diagnosis of EIA is best done with exercise test-
ing. Diagnostic testing includes exercise testing
under controlled conditions, with epinephrine,
resuscitative equipment, and medical personnel at
hand and an intravenous (IV) line in place. Exercise
testing consists of running on a treadmill or using
a stationary bicycle with progressive increases in
intensity. Testing may need to be repeated on mul-
tiple occasions, as false negatives are likely to
occur. For diagnosis, it may be necessary to attempt
passive warming to rule out cholinergic urticaria.

The primary modality of treatment is education.
The patient must know to stop exercise as soon as
symptoms occur. It is also important to have sub-
cutaneous epinephrine on hand (EpiPen) and to
use it with any symptoms of EIA. Patients suscep-
tible to EIA should always exercise or train with
someone who knows their condition and can
administer epinephrine if needed. It also may be
wise to avoid exercise up to 24 hours after eating
a potential food trigger or during menses and
avoid NSAIDs as well as aspirin prior to exercise.
It may be necessary to decrease the intensity of
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exercise and avoid intense exercise during very
cold, hot, or humid weather or during high pollen
counts. It is also important to identify any foods
that may act as triggers if eaten several hours prior
to the attack and eliminate them from the diet if
possible. There has been very limited success with
treatment with antihistamines.

Although EIA is a life-threatening condition,
and somewhat unpredictable with regard to
attacks, EIA patients can continue to exercise with
strict adherence to the above principles. Fortuna-
tely, the majority of patients experience either
stabilization or decrease of their symptoms with
time, likely due to activity modification and avoid-
ance of known triggers.

Elizabeth Rothe and William W. Dexter
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ANKLE, OSTEOCHONDRITIS
DISSECANS OF THE

Osteochondritis dissecans (OCD) of the ankle is
an acquired injury to the talus or ankle bone.
Ankle OCD occurs in all kinds of athletes but
especially in those who are involved in running or
high-impact sports. Many athletes who develop
OCD of the ankle are involved in multiple sports
and participate in athletic activity for many hours
every day. The OCD lesion occurs in the bone
directly underneath the cartilage of the talus. It
can be thought of as a stress fracture to a small
area of the talus bone. After the injury, this area
of bone is not strong enough to support the carti-
lage over top of it, and if the injury progresses,
eventually the cartilage over top of the bone can

crack. In most cases, OCD of the ankle occurs in
athletically active children without a definite
injury. In these cases, it is thought to be an over-
use injury occurring from repetitive microtrauma
to the bone. In some cases, a single major ankle
sprain can cause an OCD of the talus.

Anatomy

The ankle joint is the space between the tibia (shin-
bone) and the talus (ankle bone). The ends of the
tibia and talus are covered with cartilage that
resembles the shiny smooth white end of a chicken
bone. The cartilage provides a smooth low-friction
surface for the ankle to allow the patient to flex
and extend the ankle joint freely. The bone directly
underneath the cartilage of the tibia and talus is
called the subchondral bone. The purpose of the
subchondral bone is to support the cartilage dur-
ing walking and running. It is the subchondral
bone that gets injured in OCD of the ankle.

Causes

OCD lesions occur in two common locations: (1) in
the front (anterior), outer (lateral) aspect of the talus
and (2) in the back (posterior), inside (medial) part
of the talus. Anterolateral lesions tend to be shallow
and can occur with one or more ankle sprains.
Posteromedial lesions are more common and usu-
ally are deeper lesions that occur from repetitive
trauma, causing a small stress fracture. Soccer, foot-
ball, and basketball players often sustain multiple
traumatic ankle sprains and may develop an OCD
lesion. If the patient continues to be active, the
injured bone will eventually lose its blood supply. At
this point, it will no longer be able to support the
cartilage over the top, and if the activity continues,
the cartilage can crack and break loose.

Symptoms

OCD of the talus can occur in athletes of all ages,
although it most commonly occurs in highly active
athletes aged 13 to 14 involved in soccer, basket-
ball, football, or other high-impact sports. Patients
complain of aching ankle pain, which becomes
worse when running or sprinting. In some patients,
but not all, there may be a history of multiple
major ankle sprains. The pain is often located at
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the inner or outer aspects of the ankle, depending
on the location of the OCD lesion. Pain may be
severe enough to cause a limp. If the overlying car-
tilage is cracked and injured, the ankle will often
swell, and mechanical symptoms such as catching
or locking may be noted. In 10% to 25% of the
cases, both the ankles will have an OCD lesion.

Diagnosis

An active athlete playing multiple high-impact
running sports for many hours every day who
presents with ankle sprains, swelling, and pain
may have an OCD of the talus. On physical exam,
the ankle joint is carefully inspected for signs of
swelling. The front and back of the ankle are pal-
pated for tenderness. The ankle is flexed and
extended to see if either of these maneuvers causes
pain. If OCD of the ankle is suspected, both ankles
must be examined and X-rays must be obtained.

Depending on the size and location of the OCD
lesion, it may or may not be visible on the X-ray.
When visible, it appears as a small round crack in
the subchondral bone (see white arrow in X-ray).
The X-rays help determine the size and location of
the lesion. If the growth plate of the tibia bone is
visible on the X-ray, it indicates that the child is
still growing.

The cartilage of the ankle cannot be captured by
an X-ray. Therefore, when an OCD lesion is sus-
pected, a magnetic resonance imaging (MRI) scan
of the ankle may be obtained. The MRI scan is
used to determine if the cartilage over the lesion is
intact or cracked. If the cartilage is cracked, there
will often be joint fluid underneath the lesion,
which can be seen well on the MRI scan.

OCD of the ankle is generally classified as
“stable” or “unstable.” Stable lesions involve only
the subchondral bone; the overlying cartilage is
not broken. In unstable lesions, the overlying car-
tilage is cracked. Making this determination is
important because stable lesions tend to heal well
with rest and activity restriction. Unstable lesions
do not heal as well and if left untreated can com-
pletely break off, forming a “loose body.”

Treatment

The two most important factors involved in plan-
ning treatment for an OCD of the ankle are the

OCD of the Talus (white arrow)

Source: Photo courtesy of Dennis E. Kramer, M.D.

age of the athlete and the stability of the lesion. In
general, most stable lesions in children who are
still growing heal without surgery. For partially
unstable lesions in children with open growth
plates or for stable lesions in patients who are
already grown, a short period of nonsurgical man-
agement is often attempted. However, if the OCD
lesion does not heal after 3 to 6 months, surgery
is reccommended. Unstable lesions and most lesions
in patients with closed growth plates are treated
with surgery.

Nonsurgical Treatment

The most important principle for nonsurgical
treatment of OCD of the ankle is to stop the
repetitive activities that cause the pain. This means
that the patient must be removed from most sports
that involve running and jumping. Nonimpact
activities such as swimming and low-resistance
cycling are encouraged. Compliance with these
measures is often difficult in this highly active
patient population. In addition, some physicians
recommend using crutches and/or an air cast boot
or short leg cast to immobilize the ankle.
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The initial treatment phase of rest, possibly com-
bined with crutches and immobilization, usually
lasts for about 6 weeks. At this time, the patient’s
pain should be improved, and the crutches and
boot or cast can be discontinued. Physical therapy
is initiated, focusing on ankle range of motion and
strengthening. At periodic follow-ups, the physi-
cian ensures that the patient’s symptoms are improv-
ing and may follow the appearance of the lesion
with serial X-rays. Full healing of the lesion can
often take anywhere from 3 to 12 months. Some
physicians will obtain a repeat MRI scan after 3 to
6 months to assess the healing of the lesion. Return
to sports can take anywhere between 3 and 12
months and occurs when the athlete is painfree and
the lesion has shown signs of healing.

Surgery

Surgery is recommended for unstable OCD
lesions and for lesions that do not heal after an
appropriate time period of nonsurgical manage-
ment. Surgical intervention commonly involves
ankle arthroscopy, although a larger incision may
be necessary. During arthroscopy, the surgeon will
directly look at and feel the cartilage over the top
of the lesion. Depending on the appearance and
feel of the cartilage over the lesion, the surgeon
will decide how to proceed.

In some cases, the cartilage over the lesion will
appear normal, with no cracks, but will feel like a
softened mass. In these cases, the surgeon may drill
tiny holes through the cartilage and across the
OCD lesion. This technique is called transarticular
drilling. The idea is to stimulate the underlying
subchondral bone to bleed, which will allow it to
heal. If the lesion is very large or if the cartilage is
partially cracked, the surgeon may also perform
internal fixation. In these cases, metal or bioab-
sorbable screws or bone pegs are placed across the
lesion to provide stability and compression.

In some cases, the cartilage over the lesion will
be completely destroyed or will have broken off to
form a loose body. In these cases, the surgeon will
often just remove the cartilage over the lesion or
remove the loose body. The underlying subchon-
dral bone will then be exposed. The surgeon may
then elect to perform a microfracture procedure, in

which a tiny pick is used to create small holes in the
subchondral bone. These holes will bleed, and a

blood clot will eventually form over the OCD
lesion. Over time, the blood clot can repair the
lesion with a fibrous form of cartilage. Newer car-
tilage transplantation techniques are often reserved
for patients who have already had the microfrac-
ture procedure done but still have pain.

After Surgery

After surgery, the patient is placed in a short leg
cast or air cast boot and is required to use crutches.
Depending on the surgeon’s preference and the
procedure employed, crutches and boot or cast
may be used for 6 weeks or more after surgery.
Ankle motion is slowly increased over time.
Physical therapy is often initiated to help the
patient regain ankle motion and strength. The
patient is not allowed to resume sports activities
until the lesion is felt to have healed, which may
take between 3 and 12 months. Athletes involved
in high-impact cutting sports may benefit from
wearing an ankle brace after surgery.

Dennis E. Kramer
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ANKLE FRACTURE

Ankle injuries are among the most common inju-
ries in sports. Approximately 15% of all ankle
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injuries involve fractures of the ankle. Sports that
may put an athlete at risk include basketball, soc-
cer, football, softball, and baseball, among others.
Any sport that involves cutting or abrupt changes
in direction may put undue stress on the support-
ive structures around the ankle, resulting in failure
and, at times fracture.

Anatomy

The ankle joint is an articulation composed of
three bones—the tibia, the fibula, and the talus.
The bones are covered in cartilage at their ends,
allowing for painless gliding movement of this
ginglimus (hinge)-type joint. To enhance the stabil-
ity of the ankle joint, the body has a number of
ligaments that form attachments between the
bones. They are the deltoid ligament complex,
anterior talofibular ligament, calcaneofibular liga-
ment, posterior talofibular ligament, and anterior
and posterior tibiofibular ligaments.

The joint is somewhat like a saddle over the
talus. Furthermore, the talus is wider anteriorly (in
the front) than posteriorly (in the back), and as the
ankle dorsiflexes (moves away from the ground),
there is more bony contact in the joint, rendering
it more stable.

Causes

As the ankle encounters a significant enough force,
the structures that it consists of will fail in a predict-
able pattern based on the position of the ankle and
the forces applied at the time of injury. The ankle
may roll in or out or may be twisted from side to
side. Last, direct impact from jumping from a
height may cause the ankle to break (see Figure 1).

Symptoms

The symptoms of an ankle fracture are variable
depending on the mechanism, the location of the
fracture, and the severity of the injury. Pain may be
directly over the break or may be referred to
another area of the foot or lower leg. Swelling will
be present over the area of soft tissues that have
been stretched or torn. There may be a collection
of blood in the area or in the joint itself, which is
called hemarthrosis. As time passes, the blood that
pools in the ankle may settle in the skin, causing

Figure | Example of an Ankle Fracture

Note: Ankle fractures usually affect the bottom end of the
fibula on the outer side of the lower leg and usually occur in
the same way many inversion sprains do; the athlete rolls
over on the ankle, and the body’s momentum breaks the
bone.

color changes. If swelling is significant enough,
there may be enough pressure on the nerves to
cause numbness or tingling. Bearing weight through
the ankle will generate extreme pain.

Diagnosis

Diagnosis always begins with the history and a
physical examination. The history commonly
includes a fall with twisting of the ankle followed
by immediate pain and swelling. The ankle is pal-
pated for tender areas. Neurovascular status is
assessed. This includes palpation of the dorsalis
pedis and posterior tibial pulse, as well as assessing
the sensation over the top and bottom of the foot
and the first web space. Movement of the ankle and
toes may be attempted but is often very painful.
Breaks in the skin or frank bleeding raises the pos-
sibility of an open ankle injury, previously referred
to as a compound fracture. These injuries are more
serious because they pose an increased risk of infec-
tion and generally involve more energy.

Next, an X-ray examination is usually performed,
which generally also includes a joint above and
below the zone of injury. This would include the
knee, tibia/fibula, and foot. Ankle X-rays should
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include three separate views, the anterior-posterior,
lateral, and mortise. The mortise view is a 15° to 20°
internal rotation view that shows the joint surface
without the overlap of the tibia and fibula. The clear
space between the tibia, talus, and fibula should be
equal on the top as well as on both sides. Incongruency
denotes not only fracture but also displacement of
the talus and possible syndesmosis injury.

A number of classification schemes exist for
ankle fractures. These are somewhat academic, but
familiarization with them helps when physicians/
trainers are describing injuries via phone. The
Weber classification describes the level of a fibula
fracture. The Lauge-Hanson classification describes
the position of the foot and the forces applied at
the time of injury, which produce predictable pat-
terns of injury. More important, a classification
that truly directs treatment is the Gustilo-Anderson,
which is applied to all fractures, describing the
nature of open fractures and the amount of soft
tissue involvement.

Treatment

Initial treatment generally takes place in the emer-
gency department. For most closed low-energy
ankle fractures that occur in sports, management
begins with closed reduction and splinting. Closed
reduction refers to “setting” the ankle when the
fracture has displaced or moved from the normal
bony alignment. Often this is preceded by adequate
sedation and analgesia. Splints are usually made of
plaster and do not entirely encompass the circumfer-
ence of the leg to allow for swelling, which usually
ensues over the first 48 to 72 hours. With rest, ice,
compression, and elevation (RICE treatment) over
the first 10 to 14 days, swelling resolves, and further
treatment plans are made. The patient should adhere
to strict non—weight bearing until a reassessment is
made. Prescription-strength pain medications are
generally given after the initial evaluation.

Nonsurgical Treatment

At this point, patients usually follow up in the
physician’s office, and minimally displaced frac-
tures, or those that have not moved far, can be
placed in a short leg cast for another 4 to 6 weeks.
Serial X-rays will be required to monitor both the
healing status of the bone as well as the alignment.

Casts are made of fiberglass and are of lighter
weight than fiberglass splints. They are circumfer-
ential and should be molded to the patient’s leg
with certain forces applied to hold the alignment of
the ankle appropriately. The ankle should be at 90°
once the cast is complete to prevent stiffness fol-
lowing cast removal. The amount of time a patient
is kept non—weight bearing depends on the stability
and the injury pattern. The ankle may be transi-
tioned to a CAM (controlled ankle motion) walker
for progression to full weight bearing. Once the
fracture is healed and weight bearing has begun,
physical therapy focuses on regaining strength and
range of motion of the ankle and lower extremity.
The lack of use of the leg will result in atrophy of
the muscles and stiffness of the joint; this must be
overcome before the athlete returns to play, so as
to minimize the risk of reinjury.

Surgery

Surgical indications, simply put, include signifi-
cant angulation or displacement of the fracture, an
incongruent joint, or a fracture that involves the
joint surface. Other indications include open frac-
tures, where the bone has been exposed to the
outside environment, increasing the risk of infec-
tion. Surgery should be delayed until the swelling
of the soft tissues around the ankle has resolved.
Plates and screws are commonly used to stabilize
the fracture fragments. Surgical planning includes
determining the type of fixation, the size and num-
ber of plates and screws that will be needed, and
the anatomic approach that will be used. Soft tis-
sues are dissected in internervous and intermuscu-
lar planes to expose the bony fragments. The
fracture site is reduced, or realigned, under direct
vision and with the assistance of X-ray fluoros-
copy. Hardware is then placed to stabilize the
fracture and hold it in place until it heals. In many
individuals, there is a paucity of soft tissue cover-
age over the ankle region, and plates and screws
may become bothersome over time, requiring
removal. For the most part, however, the plates
and screws are left in place even after the fracture
has completely healed. Following surgery, the
ankle is placed again in a splint until swelling has
resolved. A cast is then placed at about 10 to 14
days postoperatively, when the soft tissue swelling
has resolved.
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Return to Sports

Bony healing takes place over the 6 weeks follow-
ing surgery or casting. Ligamentous healing may
take several more weeks. Most daily activities and
normal ambulation without a limp may be possible
within 3 to 4 months. Return to sports at the same
level is often a 9- to 12-month process, and overall
recovery may take up to 2 years. As the athlete
returns to his or her respective sport, AFOs (ankle-
foot orthotics) are often used for additional sup-
port and can be weaned as strength, mobility, and
confidence return.

Andrew R. Duffee and Jeffrey A. Guy
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ANKLE IMPINGEMENT

Ankle impingement, generally speaking, is a pain-
ful limitation to full range of motion of the ankle
joint. Most often the inciting factor is trauma,
usually an ankle sprain. However, infectious,
rheumatologic, degenerative, and even congenital
causes are also possibilities. The injury is one that
is chronic in nature and is often seen in young
athletes with repetitive injures, or repetitive
motions in their respective sports.

Anatomy

The ankle joint is hinged, or a ginglimus joint. It is
an articulation composed of three bones—the
tibia, the fibula, and the talus. The cartilage that
covers the surface of the joint allows for painless
movement of dorsiflexion and plantarflexion.
Dorsiflexion is movement of the foot toward the
head, and plantarflexion is movement of the foot
toward the floor. The ankle has many ligaments
that help enhance the stability of the joint. These
include the deltoid ligament complex, anterior
talofibular ligament, calcaneofibular ligament,
posterior talofibular ligament, and anterior and
posterior tibiofibular ligaments. The names indi-
cate the bone from which the ligaments originate
and insert. The joint is shaped like a saddle over
the talus. The talus is a trapezoid and is wider in
the front than in the back. It is because of this
shape, that the ankle is more stable when dorsi-
flexed (moves away from the ground).

Causes

Anterior impingement is often caused by forced
dorsiflexion and activities that incorporate that
movement such as soccer or ballet. Bone spurs may
develop on the anterior tibia and talus, causing
subsequent pain.

Anterolateral impingement is caused by repeti-
tive inversion-type ankle sprains. This causes syno-
vitis or a scar that limits ankle motion in that
plane. The repetitive sprains cause overgrowth of
tissue in the area, which then impinges on the car-
tilage surfaces, inducing pain.

Posterior impingement results from the poste-
rior tissues becoming impinged following repeated
plantarflexion (downward motion of the ankle).
This causes repetitive microtrauma, resulting in
inflammation and overgrowth of certain tissues.
Activities such as dancing, kicking, gymnastics, or
downbhill running may predispose an athlete to this
condition.

Symptoms

The patient will complain of pain as the primary
symptom. The pain will be exacerbated by the
movement that corresponds with the type of impin-
gement. Anterior impingement will be worsened by
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forcing the ankle toward the head or lunging for-
ward with the foot flat on the floor. These patients
will also complain of stiffness in their ankle.
Anterolateral impingement will cause pain along
the anterior talofibular ligament and lateral gutter.
They will often have a poor sense of where their
ankle is in space, and their symptoms will seem
worse with cutting activities. Posterior impinge-
ment is a more difficult diagnosis to make, but
again the complaint will be pain or catching with
push-off or forced plantarflexion.

Diagnosis

The diagnosis always begins with a thorough his-
tory and physical examination. Important ques-
tions to ask are as follows: When did the pain
begin? Is it constant, or does it come and go? Is
there a specific injury or trauma that occurred?
Where specifically is the pain, and is there a move-
ment that exacerbates it? (The athlete should try
and localize the pain with a single finger.) Are there
any associated catching, clicking, or mechanical-
type symptoms? Has any treatment been tried that
makes the pain better or resolves it? The physical
exam begins with visual inspection for any obvious
swelling or deformity. The ankle is palpated for
tender areas. Neurovascular status is assessed.
This includes palpation of the dorsalis pedis and
posterior tibial pulse as well as assessing the sensa-
tion over the top and bottom of the foot and the
first web space. Movement of the ankle and subta-
lar joint is assessed. This includes dorsiflexion,
plantarflexion, inversion, and eversion. The patient
with impingement may complain of pain at the
extreme of one of these motions.

X-rays should include images of the joints
above and below the injury. In the case of ankle
impingement, this will generally include the knee,
tibia/fibula, and foot. Ankle X-ray series should
always include the anteroposterior, lateral, and
mortise views. Most often these will result in nor-
mal findings. Subtle abnormalities that may be
appreciated include an os trigonum, a small bone
in the posterior ankle, present in about 7% of the
population, which may contribute to posterior
impingement. Spurs may be present on the talus or
tibia anteriorly in those with anterior impinge-
ment. Lateral X-ray of the ankle in a forward lung-
ing position may demonstrate bone-on-bone

impingement. Magnetic resonance imaging (MRI)
is helpful in identifying soft tissue involvement and
is overall the more useful imaging technique.

Treatment

The goal of treatment is to relieve pain and resolve
inflammation so that the athlete may return to
sports at full strength. Generally, treatment begins
with standard rest, ice, anti-inflammatories, brac-
ing, orthotics, and physical therapy. Nonsteroidal
anti-inflammatories are very useful in relieving
inflammatory pain such as in the case of impinge-
ment. Ibuprofen and naproxen are two of the most
commonly used over-the-counter medications.
Other prescribed anti-inflammatories include sulin-
dac and ketoprofen.

Nonsurgical Treatment

In addition to the nonsurgical measures listed
above, other modalities that may be useful include
electrotherapy, injections, and reevaluation of
techniques in areas such as dance or ballet.
Injections may be helpful as a diagnostic tool as
well, helping to determine whether the pain is
located in the ankle joint or the subtalar joint.

Surgical Treatment

Arthroscopic excision of the inciting tissue or
ossicle is the surgical treatment of choice.
Occasionally, open treatment may be required to
achieve a thorough debridement. Generally, ath-
letes are advised rest, ice, compression, and eleva-
tion (RICE treatment) over the first week or two
until the sutures are removed. They are allowed to
bear weight as tolerated through the postoperative
course. Rehabilitation focuses on strength, range of
motion, and sport-specific goals. Operative inter-
vention is successful in 80% or more patients.

Return to Sports

Generally, the athlete may be able to return to
sports when he or she has regained full strength
and painless range of motion. Most often these
goals can be met at about the 5- or 6-week mark.
Sport-specific training is especially important in
dance and ballet, where technique may have been
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the root cause of the problem. Another important
goal is proprioception, or the sense of where the
joint is in space. This is often lost with impinge-
ment syndrome and can be improved on with
aggressive physical therapy.

Andrew R. Duffee and Jeffrey A.Guy
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ANKLE INJURIES

Among athletes participating in sports, injuries to
the ankle are very common. Ankle sprains alone
account for about 25% of all sports-related inju-
ries. Ankle injuries are particularly common in
running and jumping sports such as volleyball,

basketball, and soccer. In basketball, 20% to
50% of injuries involve the ankle; 17% to 29% of
all soccer injuries are ankle injuries. Inversion
(foot turned in) injuries are much more common
than eversion (foot turned out) injuries because of
the weakness of the lateral ligaments and the rela-
tive instability of the lateral ankle. Eversion inju-
ries are uncommon. Most ankle injuries can be
successfully treated conservatively with protec-
tion, rest, ice, compression, and elevation (PRICE)
and appropriate rehabilitation.

Anatomy

The ankle is a simple hinge joint consisting of the
tibia, fibula, and talus. These three bones articu-
late at the ankle (talocrual) joint and are stabilized
by ligaments and an interosseous syndesmosis. The
tibia is the main weight-bearing bone in the lower
leg. The tibia extends into the medial malleolus,
which provides medial bony support for the ankle
mortise. The distal tibia and fibula form the infe-
rior tibiofibular joint, which allows for rotational
movement essential for barefoot walking and run-
ning. The tibia and fibula create a boxlike mortise,
in which the talus rests. The talus is wider anteri-
orly and narrower posteriorly, providing bony
stability when the joint is in neutral position as the
wider part of the talus is locked securely in the
joint. Movement at the ankle joint is predomi-
nantly dorsiflexion (toes up) and plantarflexion
(toes pointed down).

The third joint of the ankle, the subtalar joint,
comprises the talus and the calcaneus and is sepa-
rated into an anterior and posterior articulation
divided by the sinus tarsi. The subtalar joint pro-
vides shock absorption, allows the foot to adjust to
uneven ground, and allows the foot to remain flat
on the ground when the leg is at an angle to the
ground. Inversion (foot turned inward) and ever-
sion (foot turned outward) of the ankle occur at
the subtalar joint (Figure 1).

There are three muscle compartments of the
ankle: anterior, lateral, and posterior. The bound-
aries between these compartments are formed by
the interosseous membrane and the anterior aspect
of the tibia. The anterior compartment consists of
the extensor hallucis longus, extensor digitorum
longus, and anterior tibialis muscles, which act pri-
marily to dorsiflex the ankle. The anterior tibialis
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Lateral Ligaments

malleolus ¢

FRONT VIEW

BACK VIEW

Figure | Ankle Anatomy

Notes: The ankle is stabilized by the lateral ligament
complex: the anterior talofibular ligament (ATFL), the
calcaneofibular ligament (CFL), and the posterior talofibular
(PTFL) ligament. The ATFL is the primary ligamentous
support protecting the ankle from inversion stress and is the
most commonly injured ligament in the body. It originates at
the anterior aspect of the lateral malleolus, runs almost
parallel to the axis of the foot, and attaches to the talus
anteriorly. The CFL is stronger than the ATFL; it runs from
the tip of the lateral malleolus to the lateral surface of the
calcaneus. The PFTL runs from the posterior aspect of the
lateral malleolus to the posterior talus. Medial support is
provided by the deltoid ligament, a fan-shaped structure
emanating from the distal tibia. The deltoid ligament consists
of a superficial layer, running from the medial malleolus to
the medial aspect of the calcaneus, and a deep layer,
originating from the medial malleolus and attaching to the
talus. Anterior fibers of the deltoid ligament attach to the
talus and navicular; posterior fibers attach to the talus. The
high ligaments are the anterior inferior tibiofibular ligament,
posterior inferior tibiofibular ligament, and interosseous
syndesmosis.

attaches to the first metatarsal and cuneiform and
inverts the foot. The lateral compartment consists
of the peroneus longus and brevis muscles, which
evert the foot. The peroneus brevis attaches to the
base of the fifth metatarsal; the peroneus longus
crosses the sole of the foot and attaches to the first
cuneiform and the base of the first metatarsal. The
posterior compartment has superficial and deep
groups. The superficial group is the triceps surae
and comprises the gastrocnemius, soleus, and plan-
taris. The deep group consists of the flexor hallucis
longus, flexor digitorum longus, and tibialis poste-
rior muscles. These muscles plantarflex the ankle,
flex the toes, and invert the foot.

Innervation of the ankle is supplied primarily by
the sciatic nerve. The dorsiflexors are innervated
by the common peroneal nerve. The muscles of the
posterior compartment are innervated by the tibial
nerve. The peroneal muscles are innervated by the
superficial peroneal nerve. The muscles of the
anterior compartment are innervated by the deep
peroneal nerve.

In pediatric athletes, open growth plates in the
distal tibia and fibula predispose both children and
adolescents to growth plate fractures not seen in
adults. Children are also more likely to have avul-
sion fractures because the attachment areas of liga-
ments are relatively weaker than the ligaments
themselves.

Evaluation of Injuries

Details of Injury

Ankle pain in an athlete can be from an acute or
a chronic injury. The mechanism of injury, specifi-
cally whether it was an inversion or eversion injury,
can suggest which structures have been damaged.
The onset of pain and the ability to weight bear
immediately after an injury can also help determine
the severity of the injury. Pain that increases with
continued activity suggests a ligamentous injury
rather than a fracture. The location of pain, swell-
ing, and bruising can also help suggest the particular
injury. The degree of swelling, bruising, and disabil-
ity may indicate the seriousness of the injury.

For chronic injuries, it is important to determine
what treatment has already been instituted: medi-
cation history, PRICE (protection, rest, ice, com-
pression, and elevation), duration of restricted
weight bearing, taping/braces, or physiotherapy. It
is also important to ascertain if there is a previous
history of injury.

It is important to assess the athlete’s sport, posi-
tion, and level of competition and what stage the
athlete is in his or her season or training.

Physical Findings

Injuries of the ankle may result in swelling,
bruising, or deformity of the ankle. The athlete
may walk with a limp or be unable to weight bear.
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Range of motion of the ankle may be decreased in
all directions. Pushing the foot outward against
resistance may cause pain behind the lateral mal-
leolus if there has been an injury to the peroneal
tendon. The point of maximal tenderness to palpa-
tion can help localize the structures injured.

There are some special tests that can help
diagnose ankle injuries, such as the anterior
drawer test, lateral talar tilt, proprioception or
balance, and hopping and lunge test. The ante-
rior drawer test assesses for stability of the lateral
ankle. One hand is used to stabilize the lower leg.
The ankle is slightly plantarflexed and grasped
by the heel. Pressure is exerted upward, and the
degree of excursion is compared with that of the
uninjured ankle. The talar tilt test assesses the inte-
grity of the anterior talofibular ligament (ATFL),
the calcaneofibular ligament (CFL), and the del-
toid ligament. One hand is used to stabilize the
lower leg; then the ankle is grasped by the heel,
and medial and lateral movements of the talus
and calcaneus in relation to the tibia and fibula
are noted. Proprioception is assessed by having
the athlete stand on the injured leg with eyes
closed and comparing the balance with that on
the uninjured side. Functional assessment is made
by having the patient hop on the injured side and
perform a lunge to determine the degree of dorsi-
flexion.

“High” ankle sprains involve injuries to the
anterior tibiofibular ligament or the syndesmosis.
Tests that help diagnose high ankle sprains include
the squeeze test and the external rotation test. The
squeeze test is performed by compressing the prox-
imal tibia and fibula between the examiner’s hands.
Pain elicited in the syndesmosis is considered a
positive test. The external rotation test is performed
by stabilizing the lower leg with one hand while
abducting the foot with the other hand. A positive
test reproduces pain in the syndesmosis.

Investigations

Palpation to determine the maximal point of
tenderness can help determine whether investiga-
tions are necessary in ankle injuries. If the maximal
point of tenderness is bony, X-rays should be
obtained. The Ottawa Ankle Rules can help deter-
mine the need for X-rays (Figure 2).

Osteochondral (bony) injuries may not be appar-
ent on X-rays. If an athlete with an ankle injury is
not progressing as expected, or if there is persistent
significant pain and disability, other investigations
should be done, such as bone scan, ultrasound,
computed tomography (CT), or magnetic reso-
nance imaging (MRI). CT provides superior bony
detail, whereas MRI provides better definition of
soft tissues, such as ligaments and tendons.

2. Bone tenderness at the navicular bone

The Ottawa Ankle Rules
An ankle X-ray series is necessary only if there is pain in the malleolar zone and any one of the following:

I. Bone tenderness at the posterior edge or tip of the lateral malleolus
2. Bone tenderness at the posterior edge or tip of the medial malleolus

3. Inability to weight bear both immediately and in the Emergency Department

A foot X-ray series is necessary only if there is pain in the midfoot zone and any of the following:

|. Bone tenderness at the base of the fifth metatarsal

3. Inability to weight bear both immediately and in the ED

Figure 2 The Ottawa Ankle Rules
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Types of Injury

Table 1 lists the types of ankle injuries.

Table | Ankle Injuries

Common Uncommon

Lateral ankle sprain ~ Medial ankle sprain

Osteochondritis dissecans of
talus

Fractures

Peroneal tendinitis

Accessory navicular Peroneal subluxation

Chronic instability of the
ankle

Apophysitis

Posterior tibial tendinitis
Anterior-posterior
impingement

Reflex sympathetic dystrophy
Syndesmosis injuries (high
ankle sprain)

Prevention of Injury

Ankle injuries can be prevented by ensuring good
overall fitness and conditioning. Athletes should
endeavor to maintain an appropriate weight with
proper nutrition and healthy lifestyle behaviors.

A preparticipation assessment at the start of an
athlete’s season can elicit any injuries or muscle
imbalances that may predispose to injury during
the season and allow for appropriate rehabilitation
in the preseason. The proper protective equipment
for the sport should be worn, properly maintained,
and replaced as necessary. Ankle taping or sup-
portive bracing should be used as necessary. Prior
to practices and games, athletes, coaches, and
trainers should “walk the field” to identify any
potential hazards, such as uneven playing surfaces
or debris on the playing surface. Practices should
emphasize appropriate warm-ups and specific skill
drills, such as balance training, cutting, jumping,
and landing, to improve strength, flexibility, and
neuromuscular control.

Education is vital to help prevent injuries.
Athletes, parents, trainers, and coaches should
know basic injury care and when to seek medical
attention. It is important that injuries are
promptly identified and rehabilitated to prevent
their worsening.

Return to Sports

Return to sports following an injury can be
tricky, but basically, the athlete should be able to
weight bear, run, jump, and do everything neces-
sary for his or her sport without pain. Depending
on the injury, it may be necessary for the athlete to
be non-weight bearing for a period of time to allow
healing to occur. During this time, the athlete can
participate in non-sport-specific aerobic activity,
such as swimming and stationary biking, to help
maintain cardiovascular conditioning and increase
blood flow to the extremities. Physical therapy may
be necessary to improve range of motion, strength,
and balance, as well as reduce swelling.

Once the athlete is able to fully weight bear
and is comfortable with the activities of daily liv-
ing, he or she can proceed through a functional
return-to-sport protocol (Table 2), under the
direct supervision of a certified athletic trainer,
physiotherapist, or physician. The athlete should
not experience any sharp pain when progressing
to more advanced tasks; mild discomfort is
acceptable. If pain increases, the athlete should go
back to the previous step for 2 to 3 days before

Table 2 Some Examples of a Functional Return-to-

Sport Protocol

1. Toe raises, both legs together: 1-3 sets,
15 repetitions

2. Toe raises, injured leg alone: 1-3 sets,
15 repetitions

3. Balancing on the injured leg: 1-3 sets,
30 seconds in duration

4. Walking at fast pace: 1-3 times, 50 yards
(yd; 50 yd = 45.7 meters) each

5.  Jumping on both legs: 1-3 sets, 10 times each

6. Jumping on the injured leg: 1-3 sets, 10 times
each

7.  Easy-paced, straight-line jogging: 1-3 times,
50 yd each

8.  Sprinting (half speed, quarter speed, and full
speed): 1-3 times each, 50 yd each

9. Jogging, straight and gradual curves: 2-3 laps
around the field, court, or track
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trying to advance again. Athletic taping or a foot
orthosis may be necessary for the remainder of
the sport season to prevent reinjury. The athlete
may be able to return to a less demanding player
position sooner than his or her typical position.

In sports such as cross-country, track, and run-
ning, the athlete can gradually advance to the
desired distance at this point. For more demanding
sports (football, soccer, basketball, baseball, ten-
nis), the athlete needs to advance to more sport-
specific drills, such as the following;:

1. Running figure eights (half speed, quarter speed,
full speed): 1-3 times each

2. Crossovers, 40 yards (yd; 40 yd =
36.58 meters): 1-3 times to the right and left

3. Backward running (back peddling): 1-3 times,
40 yd each

4. Cutting (half speed, quarter speed, full speed):
1-3 times

5. Sport-specific drills
6. Return to sport

Laura Purcell

See also Ankle Instability, Chronic; Ankle Sprain; Ankle
Support
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ANKLE INSTABILITY

Ankle instability is a term that describes patients’
perception that their ankle is “giving way.” Laxity
of the ankle ligaments is found on examination,
caused by acute ankle sprain or recurrent injury
(chronic ankle instability). Ankle instability can
involve the lateral or medial ankle ligaments. Ankle
sprains are a common sports-related injury, account-
ing for up to 40% of all athletic injuries. Sprains are
particularly prevalent among basketball, soccer, and
football players and account for 10% of emergency
department visits.

Anatomy

The lateral ankle ligament complex is composed
of the anterior talofibular ligament (ATFL), the
calcaneofibular ligament (CFL), and the posterior
talofibular ligament (PTFL). The ATFL runs from
the distal fibula to the talar neck and is the pri-
mary restraint to anterior displacement on the
tibia. It functions to restrict ankle inversion, par-
ticularly in plantarflexion. It is the weakest lateral
ankle ligament and is most commonly involved in
lateral ankle sprains. The CTFL is the primary
ligamentous restraint to ankle inversion in dorsi-
flexion and is injured in at least half of all lateral
ankle sprains. It runs from the distal fibula to the
lateral calcaneus. The PTFL extends from the pos-
terior fibula to the lateral talus. This ligament is
injured in 10% of lateral ankle sprains.

The medial ankle ligament (deltoid ligament) is
the strongest ankle ligament. It arises from the
medial malleolus of the tibia and inserts at multiple
sites, including the calcaneus, the talus, and the
spring ligament of the foot.

Dynamic stability is provided by the peroneal
muscles on the lateral side of the ankle. These
muscles function as evertors. Medially, the tibialis
posterior muscle aids in hindfoot inversion and
medial ankle stability.
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Etiology

The position of the ankle at the time of the sprain
determines the pattern of ligament injury. Lateral
ankle sprains result from inversion and internal
rotation of the foot on an externally rotated leg. In
plantarflexion, the ATFL is usually injured in iso-
lation. In dorsiflexion, both the ATFL and the CFL
may be injured.

Medial ankle ligament injuries are much less
common than lateral ankle injuries. Isolated medial
injuries typically occur as a result of excessive
hindfoot eversion, as in dancing, landing on an
uneven surface, or running down stairs. Often
patients are predisposed to injury by valgus align-
ment of the hindfoot and/or tibialis posterior ten-
don dysfunction.

In some chronic ankle injuries, patients can pres-
ent with both medial and lateral ankle instability.

Chronic ankle instability is characterized by
persistent pain, recurrent sprains, and repeated
instances of the ankle giving way. While the etiol-
ogy of chronic instability is multifactorial, a his-
tory of primary ankle sprains is a major contributor.
Chronic ankle instability can arise as a result of
pathologic laxity, degenerative changes, strength
deficits, impaired proprioception, and/or poor
neuromuscular controls. (See the entry Ankle
Instability, Chronic.)

History

Acute ankle sprains typically present with an
inversion-type injury associated with sports par-
ticipation, a slip and fall, or other traumatic event.
Patients complain of pain, stiffness, and swelling at
the ankle, worsened by weight bearing. Depending
on the severity of the injury, the patient may be
unwilling to weight bear on the limb.

Chronic ankle instability can present as a series
of multiple ankle sprains, “giving way” episodes,
deformity, and/or pain.

Physical Examination

On examination of the acutely sprained ankle, one
notes ecchymosis and edema about the injured soft
tissues, tenderness about the bony and ligamen-
tous landmarks, and limited ankle range of motion
due to pain. In lateral ankle injuries, the ATFL and

CFL are most often tender, whereas tenderness
over the deltoid ligament is characteristically pres-
ent in medial instability.

Dynamic stability is assessed by a strength test
of the peroneal muscles (resisted eversion of the
foot) and the tibialis posterior (ability to complete
a single limb heel rise).

Ligament laxity is assessed by means of two
special tests: (1) the anterior drawer test and
(2) the inversion stress test. The anterior drawer
test assesses the ATFL for laxity as the examiner
passively translates the talus anteriorly on the
tibia. The examiner uses the inversion stress test to
look for laxity of the CFL by passively inverting
the hindfoot on the tibia. Both tests use the con-
tralateral uninjured limb as a baseline for com-
parison. Excessive motion is considered a positive
result. In the acutely injured ligament, these tests
can be painful, helping to confirm the diagnosis.

The examination of an ankle with chronic insta-
bility further requires an assessment for contribut-
ing deformity about the lower extremity. These
include excessive heel valgus and a planovalgus
“flat” foot (for medial injuries) or cavus-type
deformities with hindfoot varus and/or plantar-
flexion of the first ray (for lateral injuries).
Examination for the presence of generalized liga-
mentous laxity should be carried out, as well as
ruling out other pathology that may mimic
chronic instability (ankle or hindfoot fractures,
arthritis, tarsal coalition, osteochondral injuries,
peroneal tendon injuries, etc.). In chronic injuries,
laxity of the ankle ligaments may be more easily
demonstrated due to the lack of an acute injury,
while other clinical signs may be subtler, with
little or no ecchymosis and edema limited to a
joint effusion.

Imaging

The indications for X-ray evaluation in the case of
an ankle sprain are well-defined by the Ottawa
Ankle Rules. Patients require ankle X-rays when
they present acutely with pain about either malleo-
lus and at least one of the following:

e Bony tenderness about the distal 6 centimeters of
either malleous

e Inability to weight bear on the extremity
following injury and later on exam
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X-rays should include standing anterior-posterior,
lateral, and mortise views. Radiographs in an iso-
lated ankle sprain will be normal or may note a
small bony avulsion of the distal tip of the lateral
malleolus where the ATFL has been torn. A lateral
shift of the talus in the ankle mortise or tilting of the
talar body suggests an occult ankle fracture (usually
proximal fibula) and warrants further imaging.

The Ottawa Foot Rules are also important in
the evaluation of patients with ankle injuries and
indicate that X-rays are required when patients
present acutely with midfoot pain and at least one
of the following:

e Tenderness about the base of either the fifth
metatarsal or the navicular

e Inability to weight bear on the extremity
following injury and later on exam

X-rays should include standing AP, lateral, and
oblique views of the foot. Radiographic evaluation
of chronic ankle instability should begin with the
above-described foot-and-ankle X-rays to rule out
pathology that may mimic or contribute to ankle
instability. This may include malalignment, arthri-
tis, osteochondral injury, or tarsal coalition.
Undiagnosed fractures of the lateral process of the
talus are a common source of ankle-instability-like
symptoms. A computed tomography (CT) scan is
helpful for more detailed imaging where bony
pathology is suspected, such as tarsal coalition or
bony/articular injury. Magnetic resonance imaging
(MRI) is a useful diagnostic adjunct that can reveal
swelling, ligament injury, tendon tears, bone bruis-
ing, or occult fracture. Synovitis, osteochondral
lesions of the talus, loose bodies, and peroneal
tendon tears are often seen on MRI in association
with chronic ankle instability.

Management

Acute ankle sprains are graded from I to III. Grade
I describes a mild ligament stretch with no instabil-
ity, minimal swelling and tenderness, and no sig-
nificant functional impairment. Grade II describes
partial tears with mild to moderate instability,
increased tenderness, and increased swelling. Grade
III injuries are characterized as complete rupture of
the ligament, significant instability, severe pain and
swelling, and significant functional impairment.

Acute ankle sprains are treated with functional
management. This consists of rest, ice, compres-
sion, and elevation (RICE). This is followed by a
short period of immobilization (taping, bandaging,
or bracing), then physiotherapy (active range of
motion, weight bearing, proprioception training,
peroneal strengthening). Primary surgical manage-
ment of acute ankle instability is being debated,
but current evidence is lacking to support such
management.

Chronic ankle sprains are best managed early in
the disease process. Lack of improvement with
conservative management warrants referral to an
orthopedic surgeon and is an indication for sur-
gery, provided other conditions in the differential
diagnosis have been ruled out or addressed. The
goal of instability surgery is to restore the deficient
soft tissue stabilizers of the ankle. Most procedures
address the lateral ankle ligament complex and fall
into two major groups: (1) anatomic repair of the
ligaments and (2) tenodesis stabilization. Anatomic
repair involves re-approximation of the ATFL and
possibly CFL to the lateral malleolus or an in-
substance repair. Plication of the ligament is often
done concurrently to account for lengthening of
the ligaments. Modifications of this technique
have been described to facilitate repair where the
ligament remnants are of poor quality. The most
commonly used method of anatomic repair is the
Brostrom procedure.

Tenodesis stabilization procedures are indicated
for patients with lateral ankle instability with
failed anatomic repair. Some seek to replace the
deficient lateral ligaments by rerouting all or a por-
tion of the peroneus brevis to provide the static
function of the ATFL or CFL. Other surgeries use
hamstring graft to re-create these structures.
Overall, outcomes favor anatomic repair over
reconstruction due to nerve injury, wound compli-
cations, and deteriorating outcomes over time.

With respect to medial ankle instability, most
cases can be managed with functional rehabilita-
tion. Surgery to reconstruct the chronically failed
deltoid ligament is an ongoing area of interest, but
there are no standard reconstructions with predict-
ably good outcomes at present.

Surgical management for instability associated
with foot-and-ankle deformity is pathology depen-
dent and may include tendon transfers, osteotomies,
or fusions.
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Some authors advocate ankle arthroscopy at the
time of surgery before proceeding with ligament
repair or reconstruction to identify and treat con-
comitant foot-and-ankle pathology, such as osteo-
chondral lesions of the talus, ankle impingement,
or osteophytes.

Jay B. Adlington

See also Ankle Injuries; Ankle Instability, Chronic; Ankle
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ANKLE INSTABILITY, CHRONIC

Chronic instability of the ankle is a condition that
may arise after one or more acute ankle sprains.
Ankle sprains, which most often involve tearing or
stretching of the lateral (outside) ligaments of the
ankle during excessive inversion (in which the foot

rolls inward), are among the most common injuries
in all of orthopedics. Following such acute injuries,
the majority of people will have a full functional
recovery without surgery. However, around 10%
to 20% of people will suffer from chronic lateral
instability, in which there is persistent “giving
way” of the ankle and recurrent sprains.

Anatomy

Ligaments are strong bands of connective tissue
made of collagen fibers. Ligaments surround joints
and provide the connection from one bone to
another. The lateral ligamentous structures are
most commonly affected in both acute ankle sprains
and chronic ankle instability. Of the lateral ankle
ligaments, the weakest and most frequently injured
in inversion injuries is the anterior talofibular liga-
ment (ATFL), which runs from the anterior (front)
aspect of the distal fibula distally to the anterolat-
eral aspect of the talus. The ATFL is normally the
primary restraint to internal rotation of the foot
when the ankle is in plantarflexion (in which the
foot is pointing downward relative to the leg).

In more severe ankle sprains, the calcaneofibu-
lar ligament (CFL), which runs from the distal tip
of the fibula distally (toward the sole of the foot)
and slightly posteriorly to the lateral aspect of the
calcaneus, may additionally be torn or stretched.
Normally, the CFL restrains the internal rotation
of the foot during ankle dorsiflexion (in which the
foot points upward relative to the leg). Although it
is the second weakest lateral ligament of the ankle,
injury to the CFL requires more than double the
force required to tear the ATFL.

Causes

Severe or recurrent inversion injuries, when forced
internal rotation of the foot occurs with the ankle in
plantarflexion, are the most common precipitating
events that lead to ankle instability. While such inju-
ries frequently occur during athletic activity, acci-
dents during everyday activities or a forceful step on
uneven ground may also cause such a sprain.
Chronic instability has been linked to a wide
range of etiological factors, which are typically
divided into (a) those contributing to mechanical
instability, in which the ligaments themselves
remain looser than normal after injury, and (b) those
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contributing to functional instability, in which a
person’s control or use of the joint is abnormal and
predisposes him or her to recurrent injury.

Mechanical instability of the ankle can result
from physiologic ligamentous laxity or joint hyper-
mobility, in which a person’s ligaments are physi-
ologically looser than normal. Alternatively, a
suboptimal healing response in the lateral ankle
ligaments may lead to scar tissue that is weaker or
elongated following a sprain.

Functional instability stems from loss of pro-
prioception or muscle weakness. Proprioception,
the nervous system’s ability to detect and control
the position of a body part in space, is inherently
compromised when the structures around a joint
are injured. If there is no adequate retraining of
ankle proprioception in the recovery period, this
can leave a person prone to recurrent sprains and
chronic instability. These proprioceptive qualities
also involve the peroneal muscles, which become
weaker as a result of the trauma and the immobili-
zation period that typically follows a sprain.
Peroneal weakness has been reported in almost one
quarter of patients with recurrent ankle sprains.

Symptoms

The primary complaint from patients with chronic
ankle instability is a feeling of the ankle giving way
or recurrent painful inversion sprain episodes of
varying severity. Patients may present acutely with
pain, swelling, and ecchymosis about the lateral
aspect of the ankle or may present between epi-
sodes, when the ankle appears normal but contin-
ues to feels “unstable” or “loose.”

Diagnosis

The diagnosis of chronic ankle instability is generally
made from a history of subjective instability or recur-
rent ankle sprains for a period of 6 months or longer.
Functional instability is evaluated through strength
and proprioception testing. Manual strength testing,
with specific attention to assessing for peroneal
muscle weakness against resisted eversion, should be
performed. Proprioception should be evaluated with
a modified Romberg test (in which the patient stands
on one foot at a time, with the eyes first open, then
closed) or with more sophisticated stabilometry test-
ing (available at many physical therapy facilities).

The two primary physical examination maneu-
vers used for assessment of mechanical instability
are the anterior drawer test and the ankle inversion
test. The anterior drawer test or promne anterior
drawer test is performed with the patient in the
prone (face down) position, with the feet extend-
ing over the end of the examining table. The exam-
iner puts one hand on the distal leg for stabilization
and pushes the heel steadily forward with the other
hand. The test is considered positive when the
talus advances anteriorly 3 to 5 millimeters or
more. The inversion stress test, also called the talar
tilt test, is designed to assess CFL integrity. The
patient lies in the supine (face up) position or on
the side, with the foot relaxed and the knee bent,
to relax the gastrocnemius (calf) muscle. The talus
is then tilted from side to side into adduction and
abduction, with a positive test consisting of asym-
metry compared with the unaffected side.

Standard radiographs of the ankle (three views—
anterior-posterior, lateral, mortise) should be used
to rule out fracture following ankle injuries. Rarely,
magnetic resonance imaging (MRI) may be used
when severe ligamentous injury is suspected and the
patient is unable to tolerate physical examination
maneuvers because of pain in the acute period.

Treatment
Nonsurgical Treatment

In patients with recurrent instability, if proper
compliance with rigorous ankle strength and pro-
prioception training has not occurred, an additional
course of physical therapy should be prescribed
before surgery is considered, regardless of the chro-
nicity of the symptoms. Around 3 to 4 weeks fol-
lowing a sprain, strength training should be initiated
and focused not only on the plantarflexors (calf
muscles) and dorsiflexors (anterior shin muscles) of
the ankle but also on the peroneal (lateral leg)
muscles. Proprioceptive training for the ankle is
most commonly performed with a simple tilt board.
During athletic competition, ankle taping and use of
lace-up braces and “high-top” footwear have been
shown to decrease the rate of recurrent sprains.

Surgery

When symptoms of chronic ankle instability last
for greater than 6 months and mechanical instability
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persists despite compliance with a focused func-
tional rehabilitation program, operative treatment
should be considered. A number of different proce-
dures have been described to treat chronic ankle
instability, which may be divided into (a) anatomic,
in which the goal is to repair the normal lateral
ligamentous structures, and (b) reconstructive, in
which the adjacent tendons are transferred, weaved,
or reconstructed so as to provide static stabilization
in place of the ligaments. The most commonly used
anatomic procedure is the Brostrom-Gould proce-
dure, in which the two ends of the torn ATFL and
CFL are each sutured together or imbricated (over-
lapped) to shorten and strengthen the attenuated
ligament-capsule complex. Advancement of the
proximal edge of the extensor retinaculum onto the
distal fibula reinforces the repair.

Most of the reconstructive procedures, such as
the Evans, Watson-Jones, Larsen, and Chrisman-
Snook procedures, involve weaving a portion of
the peroneus brevis tendon through the fibula to
one or more areas on the hindfoot. The more bony
sites that are incorporated into the reconstruction,
the more stable the ankle is, but with the effect of
restricting or altering normal ankle motion to
some degree, so use of these techniques should be
individualized based on the instability and the
goals for functional recovery.

Rebabilitation

While traditional postoperative rehabilitation
regimens include long periods of cast or brace
immobilization, ranging from 6 weeks to as much
as 10 to 12 weeks in nonathletes, more recent evi-
dence suggests that short-term immobilization and
initiation of range-of-motion therapy within 2 to 4
weeks may be associated with earlier returns to
work and athletic competition. Active eversion/
inversion and strength training are delayed until
after 6 weeks, to allow for ligamentous healing.

Benton E. Heyworth

See also Ankle Injuries; Ankle Instability; Ankle Sprain
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ANKLE SPRAIN

Ankle sprains are one of the most common inju-
ries sustained during recreational and competitive
sports such as soccer, basketball, football, and
running. Although a common injury, many indi-
viduals do not seek medical attention and are self-
treated. Depending on the extent of the injury,
inadequate treatment of an ankle sprain may lead
to chronic pain, decreased range of motion, or
instability. In addition, a self-diagnosed ankle
sprain may actually be a more severe injury, such
as a fracture at or distal to the ankle complex.

Every year, there are 1 to 2 million cases of
ankle sprain, constituting 15% to 20% of all
sports-related injuries. Of all types of ankle inju-
ries, 75% to 85% are ankle sprains, with the
majority of them caused by an ankle inversion
injury. Approximately 40% of ankle sprains can
lead to chronic injury.

There are a number of contributing factors that
may predispose an individual to sustain an ankle
sprain, which can include the following;:

e Previous history of ankle sprain/injury
e Older individuals who are sedentary
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e Overweight individuals/obesity

o “Weekend warriors,” who do not train/engage
in sports actively and consistently

e Type and frequency of sport that involves more
stress on the ankle complex

Anatomy

The ankle is a type of hinge joint. This joint is
formed by the articulation of three bones: the talus,
tibia, and fibula. The talus acts as a hinge within this
complex, allowing the foot to move up (dorsiflex-
ion) and down (plantarflexion). There are two liga-
mentous complexes that help provide stability to the
ankle. The lateral ligamentous complex is made up
of three ligaments: (1) anterior talofibular ligament,
(2) posterior talofibular ligament, and (3) calcaneo-
fibular ligament. The medial ligamentous complex
is also known as the deltoid ligament and is com-
posed of four ligaments: (1) anterior tibiotalar
ligament, (2) posterior tibiotalar ligament, (3) tibio-
calcaneal ligament, and (4) tibionavicular liga-
ment. Because of these four ligaments, the medial
ligamentous complex is more stable than the lateral
complex, which is why most ankle sprains are due
to an inversion injury. Of all the ligaments, the most
common injured ligament is the anterior talofibular
ligament (Figure 1).

Clinical Evaluation
History

A thorough history will help determine the
severity of the ankle sprain as well as aid in deter-
mining if it is an injury other than an ankle sprain.

It is important to ask about the position of the
ankle at the time of injury, the mechanism of the
injury, and the time of the injury. This will help
provide the location of the injury site and its associ-
ated pathology. A history of past or recurrent ankle
sprains provides clues to the overall stability of the
ligaments of the ankle and its predisposition to
increased frequency of injury. Ascertaining whether
the patient was immediately able to bear weight
after the injury can provide information as to
whether or not a fracture has occurred and the need
for radiological evaluation. If the patient is a child,
a growth plate fracture is likely, and radiographs of
both ankles should be taken for comparison if indi-
cated. A history of numbness in the foot could

Inversion Q}

Eversion

Figure | Inversion and Eversion Injuries to Ankle

Ligaments

Note: An ankle sprain is a stretch, tear, or complete rupture
of one or more of the ligaments that hold the bones of the
ankle joint together.

indicate a neurovascular injury, and proper medical
attention should be given.

Physical Examination

When evaluating an ankle injury, the following
key features should be addressed.

Inspection. Look for any bruising, discoloration,
or swelling both around the ankle joint as well as
in structures distal to it (foot and leg). Ask if the
athlete can bear weight and also observe his or her
gait. Additionally, an inspection of the foot to see
if it is pes cavus (arched foot) or pes planus (flat
foot) can alter the biomechanics of the ankle joint.
Observing the position of the knees, whether they
are in valgus (knock-kneed) or varus (bowlegged),
can also provide clues to the stress placed on the
ankle joint.

Range of Motion. Test the ankle joint both in
plantarflexion and in dorsiflexion, as well as
inversion (supination). Compare this range of
motion with that of the uninjured ankle.

Palpation. Feel the structures around the ankle
joint. Pain along the inferior-posterior portion of
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the lateral ankle joint (distal fibula) may indicate a
fracture, whereas pain along the anterior lateral
ankle may be a strain of the anterior talofibular
ligament. Pain along the inferior-posterior portion
of the medial ankle may also indicate a fracture of
the distal tibia. It is important to also palpate the
surrounding bones of the ankle, including the
cuboid, the navicular, and the base of the fifth
metatarsal, as these are other commonly missed
foot fractures in ankle injuries. Additionally,
primary care physicians often miss a fracture of the
proximal fibula after a severe ankle injury
(Maisoneuve fracture), so every ankle exam
should involve palpating the proximal fibula. A
connective tissue complex known as the interosseus
membrane connects longitudinally in between the
tibia and the fibula. It is also known as a
syndesmosos. This distinct, often missed fracture
occurs due to the tremendous force of a high-
impact ankle injury, which travels along the
syndesmosis and exits at the proximal fibula.
Furthermore, palpating distal pulses in the foot
and ankle as well as checking for paresthesias may
indicate neurovascular compromise.

Additional Testing.

o Ligament laxity: Checking for ligament laxity
with “drawer tests” can help identify partial or
complete tears by physical exam alone. This is
performed by stabilizing the area above the
ankle joint with one hand and placing the other
hand behind the heel (calcaneus) of the foot.
With the foot in slight plantarflexion, the
examiner applies an anterior force on the heel
of the foot to see if the joint will gap. An
excessive gap (>4 millimeters) with no end point
indicates a complete tear of the anterior
talofibular ligament. In addition, checking for
gapping and an endpoint during inversion
testing will also give clues to a calcaneofibular
ligament tear.

o High ankle sprain: A “squeeze test” of the distal
tibia and fibula resulting in pain can indicate a
syndesmotic sprain injury. Additionally, a
“crossed-leg” test can also be performed. In this
exam, while sitting, the athlete places the lateral
side of the ankle on the opposite knee. If there is
pain directed to the medial side of the ankle, it
can indicate a syndesmotic injury.

Ankle sprains are classified into three grades
depending on the severity of the injury:

Grade I: No ligamentous tear, no or minimal loss of
function, minimal pain, minimal swelling, no or
minimal bruising, and no difficulty bearing weight

Grade II: Partial ligamentous tear, minimal to mod-
erate loss of function, moderate pain, moderate
swelling, minimal to mild bruising, some difficulty
bearing weight

Grade I11: Complete ligamentous tear, severe or com-
plete loss of function, severe pain, severe swelling,
mild to severe bruising, and difficulty bearing
weight

Imaging Studies
X-Rays

Many believe that all ankle injuries should
undergo X-ray evaluation, but this is often debated
in medical circles. A cost-effective method to deter-
mine if X-rays are needed is to use the Ottawa Ankle
Rules, according to which ankle X-ray series should
be obtained in case of any one of the following;:

e Bone tenderness in the distal 6 centimeters of the
posterior-inferior portion of the tibia or fibula

e Inability to bear weight immediately after the
injury and in the physician’s office/emergency
room

Foot X-ray series should be obtained in case of
any one of the following:

e Bone tenderness at the base of the fifth
metatarsal or navicular bone

e Inability to bear weight immediately after the
injury and in the physician’s office/emergency
room

The use of clinical judgment is emphasized
when applying the Ottawa Ankle Rules; their use
is at the medical provider’s discretion. If a finding
on a physical exam is concerning (such as tender-
ness to palpation at the cuboid), then X-rays
should be performed.

If the initial radiographs are negative for frac-
ture but the physician still strongly suspects that
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there might be one, the patient can be immobilized
and given crutches with instructions to return for
repeat radiographs in 1 to 2 weeks.

Computed Tomography (CT) Scans

If the radiographs are negative and conserva-
tive treatment of a presumed ankle sprain does
not improve the athlete’s symptoms, a CT scan
can be considered to test further for a possible
fracture.

Magnetic Resonance Imaging (MRI)

If an athlete has recurring symptoms due to an
ankle injury or sprain, an MRI can be considered
to further evaluate the soft tissue structures as
well as bone contusions or fractures. Depending
on the MRI findings, either continued nonsurgi-
cal management or surgical intervention may be
followed.

Treatment

The basic tenets of ankle sprain treatment include
the PRICE (protection, rest, ice, compression, and
elevation) method:

For Grade I ankle sprains, protection may or
may not be needed. Simple RICE therapy with
activity as tolerated is initiated. Initially, range-of-
motion exercises are instituted to prevent stiffness,
and then gradually, strengthening and balance
exercises are recommended.

For Grade II ankle sprains, PRICE treatment is
used, and the ankle can be protected with the use
of an air-cast splint. Once the pain and swelling
have improved, return to activity and stretch/
strength therapy are recommended.

For Grade III ankle sprains, the athlete may
need to be immobilized in a short leg cast or cast-
brace for 2 to 3 weeks. Rarely will an individual
require surgery, unless there is another compli-
cated issue. Afterward, treatment is similar to that
for Grade I and II injuries.

Anti-inflammatories such as ibuprofen can be
used, and analgesics such as acetaminophen may
also be helpful for pain control.

Surgical intervention is reserved for those cases
where conservative therapy with immobilization
and physical therapy has failed.

Prevention of Injury

To help prevent ankle sprains, it is important to
review what predisposing factors can be changed.

Those with a previous history of ankle sprains
have a higher chance of reinjury, and the greater
the number of past sprains the greater the likeli-
hood of recurrence. Lace-up ankle braces have
been found to be useful for those with this kind of
injury history. Taping can temporarily help stabi-
lize the injured ankle, but it has limited use after 20
to 30 minutes of activity.

Decreasing the amount of stress on the ankle
joint will also be helpful. Weight loss in those who
are overweight and orthotics for those with foot
biomechanic issues can be considered.

Continuous training will help develop strength
and proprioception of the ankle, and realizing your
body’s limits by recognizing the warning signs that
you are susceptible to injury is important.

Arnold E. Cuenca

See also Ankle Fracture; Ankle Injuries
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ANKLE SUPPORT

Ankle support refers to any of several means by
which external stabilization can be applied to the
ankle joint. This typically includes both bracing
devices and taping. Ankle support is relevant to
the field of sports medicine because of the high
incidence of ankle injuries among athletes partici-
pating in sports. Approximately 15% to 25% of
all musculoskeletal injuries are ankle sprains.
Athletes involved in basketball, football, and vol-
leyball typically have the highest rates of ankle
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sprains. This entry reviews the types of ankle sup-
ports, the indications for their use, and the associ-
ated risks and benefits.

Types of Ankle Support

Ankle supports can be categorized as bracing or
taping.

Bracing

Bracing can be divided into rigid and functional.
Rigid bracing (i.e., a cast or removable boot) is
typically reserved for acute injuries and is not
adaptable for use during sports since it immobi-
lizes the ankle in all planes of motion. Functional
bracing allows for improved dorsiflexion and
plantarflexion but still limits inversion and ever-
sion motions. Functional bracing is therefore used
most often in athletes during recovery from acute
injuries and for return to play. The two most com-
mon types used for athletes are semirigid and soft
braces. Semirigid braces incorporate thermoplastic
molded medial and lateral supports that are typi-
cally either padded or have air-filled chambers.
They are then secured around the lower leg with
Velcro straps. Soft braces are canvas or neoprene
based, and most lace up the front. Several soft
braces have a lateral and/or medial plastic buttress
and Velcro straps that secure them into position.
They tend to be cheaper than semirigid braces and
are easier for the athlete to obtain since they can
typically be purchased in pharmacies and sporting
good stores. Functional braces range in price from
$25 to more than $100.

Taping

Taping is another form of ankle support.
Certified athletic trainers (ATCs) are best quali-
fied to tape athletes properly. The exact methods
of taping differ, but the basic components of any
ankle taping include Tuf Skin application, heel
and lace pads with skin lube to prevent skin blis-
ters, alternating anchor strips and horseshoe
strips, heel locks, a figure eight, and closing strips
to hold it all together. Prewrap is used between
the skin and the tape by some athletic trainers.
This may reduce skin irritation; however, some
athletic trainers feel that it results in less support

An ankle brace makes it possible to compete in sports
activities despite an injury.

Source: Can Stock Photo, Inc.

by the tape. After athletic participation, the tape is
removed by cutting it off and is therefore not reus-
able. The average cost of a roll of tape is around
$1.50. Usually, two ankles can be taped with this
quantity. Therefore, long-term use of ankle taping
can be costly.

Risks and Benefits of Ankle Supports

Bracing, either semirigid or soft, has several advan-
tages over taping. Although there is an upfront cost
to the athlete, it is reusable. Athletes can put on
their braces themselves and therefore do not need
to have access to an athletic trainer, as for taping.
They can also easily adjust the brace’s fit for com-
fort and stability throughout the practice sessions
and the competition. Adjustments can be made
quickly and without the assistance of a trainer.
The main benefit of taping is that it is less bulky
than most braces and therefore can fit easily into all
footwear. The cost of taping also usually falls on the
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athletic department, and therefore, in most instances
it is free for the athlete. It also creates a lot of waste
since it is disposed of after use. The biggest problem
associated with taping is that the tape loosens after
approximately 20 minutes. Unfortunately, most
athletic practices and competitions outlast the “life”
of the tape. Therefore, the protective benefits of the
tape are lost, and the athlete may be at an increased
risk of injury during this time.

Indications for Ankle Support
Primary Prevention

Very little scientific data exist to support the use
of ankle bracing in preventing ankle injuries in an
athlete who has never sustained an ankle sprain
before. However, primary prevention, or prophy-
lactic use of a brace, is very common. Because
basketball, volleyball, and football have the high-
est injury rates, these are also the sports where the
greatest number of athletes choose to use a brace
for primary prevention. Functional semirigid or
soft braces are the most commonly used.

Acute Injuries

Traditionally, treatment for an acute lateral
ankle sprain has been with rigid bracing. In recent
years, research has shown that early motion
improves recovery, so functional bracing has come
into favor. Many athletes who visit an emergency
room or require urgent care have their injured
ankle placed into a semirigid brace. These athletes
will typically need to be transitioned into a soft
brace or a semirigid brace with a hinge at the ankle
joint to allow more functional athletic movements.
Taping can also be applied under the brace to pro-
vide a small degree of additional support.

Secondary Prevention/Chronic Injuries

Ankle bracing plays an important role in second-
ary prevention, the prevention of another ankle
sprain after one has already occurred. Scientific
evidence overwhelmingly supports the use of an
ankle brace during sports after an athlete has sus-
tained an initial ankle sprain. Regular use of a brace
can help prevent reinjury as rhe athlete undergoes
full rehabilitation with a focus on proprioceptive
skills. An ankle brace should be used for 6 months
after the initial ankle sprain.

With recurrent ankle inversion injuries, chronic
ankle instability may result. Individuals with func-
tional instability can also benefit from the use of
ankle braces. Long-term use of bracing may be
more beneficial for this athletic population.

Susannab M. Briskin

See also Ankle Instability, Chronic; Ankle Sprain;
Bracing; Protective Equipment in Sports
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ANOREXIA NERVOSA

Disordered eating has been found to be more
prevalent in athletes than the general population.
Various studies have shown the prevalence to range
from 15% to 62% among athletes, and female ath-
letes are more often affected than male athletes.
Disordered eating includes the spectrum of anorexia
nervosa, bulimia nervosa, and eating disorders not
otherwise specified. This entry focuses specifically
on anorexia nervosa, which is seen in 1% to 3% of
the general population, and highlights the impor-
tance of proper diagnosis and treatment to prevent
its devastating health consequences.

Definition

Anorexia nervosa is defined in the Diagnostic and
Statistical Manual of Mental Disorders—fourth
edition, text revision (DSM-IV-TR). It is a type of
disordered eating that is characterized by refusal to
maintain a normal body weight (less than 85% of
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expected weight), intense fear of gaining weight
(in spite of being underweight), a disturbed self-
evaluation of body shape, and three consecutive
cycles of amenorrhea.

There are also two specific subtypes of anorexia
nervosa: (1) a restricting type and (2) a binge-
eating/purging type. In restricting-type anorexia
nervosa, the athlete does not regularly engage in
self-induced vomiting or the use of laxatives or
diuretics. In the binge-eating/purging type, peo-
ple do engage in these types of behaviors.

Risk Factors

There are many contributing factors that can place
an athlete at higher risk for anorexia nervosa.
Athletes are most at risk during adolescence and
young adulthood. They often face pressure to per-
form well in their sport from peers, parents,
coaches, and others in the community. Athletes are
also often placed in an environment where they
have a strong personal desire for accomplishment;
attaining a certain body type can often help them
accomplish their goals.

Participation in certain sports can increase the
risk of disordered eating as well. Sports with weight
classifications, such as wrestling, boxing, and weight
lifting, can lead to disordered eating patterns. In
sports such as gymnastics and figure skating, ath-
letes are under greater pressure to maintain a thin
body. Also, there are sports where a lean body can
contribute to performance, including long-distance
running, swimming, and track events.

Additionally, athletes with poor self-esteem,
poor body image, a history of sexual abuse, and a
family history of substance abuse, mental illness,
and disordered eating are at higher risk of develop-
Ing anorexia nervosa.

Evaluation

Promptidentification of athletes at risk for anorexia
nervosa is an important step in prevention of
disordered eating. Early intervention can be suc-
cessful in preventing its devastating health conse-
quences. When there is concern that an athlete is
engaged in disordered eating behaviors, a complete
history and physical examination are necessary. All
athletes should be asked about their training regi-
men and nutrition history, and female athletes
should be asked about menstrual irregularities.

Specifically, a nutrition history may include recent
weight loss or gain, maintenance of a diet diary,
and identifying restrictions on the types of food
the athlete eats. They should also be asked about
self-image, body satisfaction, performance in
classes or work, and satisfaction with current ath-
letic performance. Any coexisting medical disor-
ders should be evaluated, as well as past history of
eating disorders and current engagement in any
binge-eating/purging type of behavior.

Physical examination should include a head-to-
toe evaluation, including a pelvic exam for women.
Signs that may be present on physical examination
include low body weight, low blood pressure, bra-
dycardia, lanugo (growth of fine, downy body
hair), dry skin, thinning scalp hair, decreased body
temperature, facial edema, abdominal tenderness,
and cardiac arrhythmias. If there is sufficient con-
cern, a complete blood count, a comprehensive
metabolic panel, a lipid panel, urinalysis, and a
ferritin and thyroid panel should be obtained to
rule out specific medical conditions. Common
laboratory abnormalities seen with anorexia ner-
vosa include low white blood cell count, elevated
liver function tests, increased total cholesterol, hypo-
kalemia, hyponatremia, hypomagnesemia, hypo-
phosphatemia, hypocalcemia, ketonuria, and low
ferritin. Additionally, an electrocardiogram (EKG)
should be obtained to rule out ventricular arrhyth-
mias. If severe abnormalities are found, urgent
inpatient admission may be warranted.

Medical Complications

The adverse health outcomes associated with
anorexia nervosa can become chronic, lifelong
concerns and may be fatal. There is a 12% to 18%
mortality associated with untreated anorexia ner-
vosa. Specific consequences of anorexia nervosa
can include menstrual abnormalities, infertility,
low bone density, malnutrition, delayed gastric
emptying, cardiac arrhythmias, and death. The
mental health impacts of disordered eating—poor
performance in school, work, and athletics; loss of
friendships; and poor self-esteem—are difficult to
measure but may be profound.

Treatment

The best treatment for anorexia nervosa is preven-
tion. This should be done by identifying those
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expected.)

estrogen) administration.

laxatives, diuretics, or enemas).

of laxatives, diuretics, or enemas).

Diagnostic Criteria for Anorexia Nervosa

A. Refusal to maintain body weight at or above a minimally normal weight for age and height (e.g.,
weight loss leading to maintenance of body weight less than 85% of that expected; or failure to make
expected weight gain during period of growth, leading to body weight less than 85% of the

B. Intense fear of gaining weight or becoming fat, even though underweight.

C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence of
body weight or shape on self-evaluation, or denial of the seriousness of the current low body weight.

D. In postmenarcheal females, amenorrhea, that is, absence of at least three consecutive menstrual
cycles (a woman is considered to have amenorrhea if her periods occur only following hormone, e.g.,

Specify Type:

e Restricting Type: During the current episode of anorexia nervosa, the person has not regularly
engaged in binge-eating or purging behavior (i.e., self-induced vomiting or the misuse of

e Binge-Eating/Purging Type: During the current episode of anorexia nervosa, the person has
regularly engaged in binge-eating or purging behavior (i.e., self-induced vomiting or the misuse

Source: American Psychiatric Association. Diagnostic criteria for anorexia nervosa. In: Diagnostic and
Statistical Manual of Mental Disorders. 4th ed. Text Revision. Washington, DC; 2000.

athletes most at risk for developing disordered eat-
ing. This may include athletes with specific family
histories, those with a past history of disordered eat-
ing behavior, athletes immediately after injury, or
athletes in sports that place specific emphasis on thin
body types or endurance. Ideally, effective screening
for disordered eating should take place at prepar-
ticipation physicals each year. Early counseling may
be effective in preventing disordered eating.
Treating an athlete with anorexia nervosa
requires a well-coordinated team approach.
Involvement of the athlete, parents, coaches,
athletic trainers, nutritionists, psychologists, and
physicians is critical for successful treatment.
Any specific abnormalities found on physical
exam or laboratory analysis may warrant inpa-
tient hospitalization and should be addressed
immediately given the high mortality rate associ-
ated with this disorder. Proper outpatient treat-
ment is also critical to avoid any further
progression of serious complications. This may

include individual or group therapy, and SSRI
(selective serotonin reuptake inhibitor) therapy
should also be considered. Athletes should be
closely monitored for recurrence of disordered
eating behavior, as well as for low bone density
or menstrual irregularities. Athletes with anorexia
nervosa may also need modification of their level
of involvement in competition and/or their train-
ing program.

Jennifer Scott Koontz

See also Amenorrhea in Athletes; Eating Disorders;
Female Athlete Triad
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ANTERIOR CRUCIATE
LiGAMENT TEAR

The anterior cruciate ligament (ACL) is one of the
major ligaments of the knee. It connects the thigh-
bone (femur) and the shinbone (tibia) and pre-
vents the tibia from moving forward when a
person turns and pivots. Although a torn ACL
used to be an injury that occurred only in athletes,
it is becoming more common in any age-group
and at various activity levels as more and more
people become physically active. Other tissues in
the knee, including the meniscus (a fibrocartilagi-
nous shock absorber) may be injured at the same
time, as may other ligaments in the knee. The
treatment plan will be influenced by what tissues
are injured, the current activity level, and what
activities the individual would like to do in the
future. The final plan of care will be decided on
together by the patient and the physician.

Anatomy

The ACL is probably the best known of the four
major ligaments of the knee. It connects the tibia,
a bone of the lower leg (shinbone), to the femur
(or thighbone). It prevents the tibia from moving
too far forward in relation to the femur. The ACL
has to work the hardest, and is the most impor-
tant, in sports, where it provides stability during
cutting and pivoting motions (e.g., in soccer and
football). An injury to the ACL may require sur-
gery followed by a rehabilitation program to
allow for return to high levels of activity. The ath-
lete who suspects that he has suffered a knee
injury should seek out a qualified physician for an
evaluation (Figure 1).

Causes

Most injuries to the ACL occur when an individual
makes a sudden cut or turn and the foot stays
planted on the ground. Injuries can also take place
when landing from a jump (volleyball and basket-
ball) or during contact with another player.
Downbhill skiing is also an activity that can be a
risk for ACL injuries, especially with boots that
come relatively high up the calf, which stabilize the
ankle but result in increased potential stresses
across the knee.

Women are known to be at higher risk for ACL
injury than men; however, much of this risk can be
reduced by participation in conditioning and train-
ing programs that emphasize the importance of
strength and flexibility as well as the proper
warm-up and cooldown periods. Learning correct
jumping and landing techniques is also a critical
component of these programs. Programs that take
as little as 15 minutes three times a week have been
found to be effective. (See the Further Readings.
Work on soccer players was spearheaded by Bert
Mandelbaum, MD, and Holly Silvers, PT. The
website www.aclprevent.com/pepprogram.htm
provides a detailed ACL injury prevention pro-
gram that can be accomplished in 15 minutes three
times per week during the season, replacing the
traditional warm-up period. Videos and instruc-
tions on the Sportsmetrics™ program for colle-
giate athletes are available through its website,
WWwWw.sportsmetrics.net.)

Symptoms

Patients who have an ACL injury frequently feel or
hear a “pop” in the knee at the time of injury and
often will experience swelling within the first 2
hours of injury. This is due to bleeding within the
joint from torn blood vessels in the injured liga-
ment. The knee may be painful to walk on, espe-
cially if other structures within the knee are also
damaged. The instability caused by the loss of the
ligament function can result in a “giving way” or
“loose” feeling in the knee. This may be particu-
larly noticeable when trying to change directions
during walking or running.

After several weeks, the swelling will typically
subside, and walking becomes more comfortable.
Symptoms of instability that persist often warrant
surgical intervention, although some ACL injuries
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Violent rotation
with foot fixed

Hyperextension
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capsular
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knee joint
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Figure | (2), (b) Mechanisms of an (c) Anterior Cruciate Ligament Tear

Notes: An anterior cruciate ligament (ACL) sprain is a stretch, tear, or complete rupture of one of the two ligaments
that lie in the center of the joint, connecting the ends of the thigh- and shinbones. Unlike most ligament sprains,
which are classified according to severity as first, second, or third degree, ACL sprains are almost always complete
ruptures—the ligament is torn completely in two.
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can be treated nonoperatively (see discussion
below). Long-term instability, or looseness, of the
knee, however, is believed to predispose patients to
early osteoarthritis.

Diagnosis

The history and physical examination are impor-
tant for diagnosis of an ACL tear. In an acute (sud-
den) injury, joint swelling is a good indicator.
Swelling that occurs within the first few hours of
the injury can be especially indicative of an injury
causing bleeding in the joint, while swelling that
occurs the next day may be due to the inflamma-
tory response. In addition, examination of the
knee with specific tests may be helpful in determin-
ing whether the injury is to the ACL or another
structure within the knee, such as the menisci or
the cartilage.

Imaging of the knee may also be recommended.
X-rays can be used to rule out a fracture, but the
ACL itself will not be visible on these studies. To
assess the ACL, a magnetic resonance imaging
(MRI) scan may be ordered. In some cases,
arthroscopy (putting a small camera into the joint)
may be required to determine if there is a tear in
the ACL. This is rarely required; however, if this is
needed, treatment of the tear can usually be
accomplished at the same time.

Treatment Options: Nonoperative Approach

Some individuals who tear their ACL may elect
not to have surgery but may choose to have reha-
bilitation to treat their knee. People who decide
not to have surgery usually do not participate in
sports that involve cutting or pivoting activities
that would place stress on the knee. Most people
with this type of lifestyle will be able to function
normally without having surgery to reconstruct
their ACL.

Patients are referred to physical therapy to work
on walking normally, strengthening, range of
motion, and controlling swelling and pain. Even if
surgical reconstruction is elected, patients will still
need rehabilitation prior to surgery. Most patients
are required to achieve normal walking, nearly full
motion and strength, and reduced swelling before
surgery. This helps minimize problems with motion
and strength postoperatively.

Treatment Options: Operative Approach
Surgical Techniques

Because a repair (or suturing together) of torn
ACL fibers is not effective, the current surgical
treatment of an ACL tear is to remove the torn
ACL tissue and replace it with a graft of tendon.
Commonly, this is an autograft (from the patient’s
own tissue). There are several choices for where
the tendon tissue to replace the ACL can come
from. These include two of the hamstring tendons
or, less commonly, part of the patellar tendon (the
tendon from the patient’s kneecap to the bottom
leg bone). Allograft tissues that come from a donor
can also be used, although these are less frequently
recommended as a first-line graft choice in patients
under 20 years, owing to the higher failure rate in
patients in this age-group. Allograft tissues include
either a patellar tendon or other soft tissue, includ-
ing most commonly the tibialis anterior and
Achilles tendons. In a scientific review of autograft
choice, the graft does not influence the outcome.
Rather, accurate placement by the surgeon, stable
initial fixation of the graft, patient compliance,
and rehabilitation are believed to optimize the
results. The surgeon performs the surgery with
the help of a small camera called an arthroscope.
The skin incisions are only for the surgeon to har-
vest the graft if the patient chooses autograft and
to drill tunnels at the original site of the ACL. The
graft is placed within the tunnels and fixed by any
of several means to provide immediate stability
prior to healing and to help stabilize the graft to
the bone.

Risks of Surgery

Risks of surgery include bleeding, infection
(around 1%), nerve or vessel injury (most com-
monly an area of numbness on the skin adjacent
to the incision), failure of the graft (up to 10%),
knee stiffness (5-25%), and the need for further
procedures. Rare risks include bleeding from
acute injury to the popliteal artery (overall inci-
dence is 0.01%), weakness or paralysis of the leg
or foot, and a blood clot in the veins of the calf
(0.1%). The goal of ACL reconstruction surgery
is to prevent instability of the knee. It does not
make the knee completely normal or return it to
its preinjury status. Patients will still have an



Anterior Cruciate Ligament Tear 87

increased risk of developing arthritis in the
knee after an ACL injury, even if surgery is
performed.

Risks Specific to Allograft Use

Allografts are grafts taken from cadavers and
are becoming increasingly popular. The advan-
tages of using allograft tissue include elimination
of pain caused by obtaining the graft from the
patient, decreased surgery time, and smaller inci-
sions. Although there is some theoretical risk of
disease transmission, including viral or bacterial
infection, the use of allografts that have undergone
rigorous donor screening, serological testing, and
formal processing has significantly reduced this
risk. The Food and Drug Administration (FDA)
has regulated this field very closely since 1993 to
ensure the safety of allograft transplant. Over the
past decade, more than § million musculoskeletal
allografts have been distributed to surgeons for
transplant into patients with a remarkable record
of safety.

Alternatives to Surgery

Surgical treatment is usually advised for patients
who want to get back to activities that involve cut-
ting and pivoting. However, deciding against sur-
gery is reasonable for select patients. Nonoperative
management of isolated ACL tears is likely to be
successful or may be indicated in patients

e with partial tears and no instability symptom:s;

e with complete tears and no symptoms of knee
instability during low-demand sports, who are
willing to give up high-demand sports; and

e who do light manual work or live sedentary
lifestyles.

In addition, children and adolescents who still
have open growth plates should discuss this with
their surgeon, along with their parents or guard-
ians. Some patients will be advised to use nonop-
erative treatment (including bracing, physical
therapy, and activity modification) until addi-
tional growth is completed, at which time an
ACL reconstruction can be performed. For chil-
dren with open growth plates having instability
symptoms even with these treatments, other

procedures may be used to temporarily stabilize
the knee until growth is near completion, when a
standard ACL reconstruction can be performed
more safely.

Preoperative Care

The patient who decides to have reconstructive
surgery to treat an ACL tear may be asked to have a
complete physical exam by the family physician
before surgery to assess his health and to rule out any
conditions that could interfere with the surgery.

Before surgery, patients should tell their doctor
about any medications being taken and will be told
which to stop taking before surgery. This typically
includes aspirin and anti-inflammatory medications
such as ibuprofen (e.g., Advil, Motrin) or naprosyn
(e.g., Aleve), all of which should be stopped 10 days
before surgery. Acetaminophen (e.g., Tylenol) may
be taken in the week preceding surgery, but be sure
not to exceed the recommended daily dose.

Tests such as blood samples or a cardiogram
may be ordered by the doctor to help the patient
prepare for the procedure.

Rehabilitation
Nonsurgical Rebabilitation

Nonsurgical rehabilitation for an ACL injury
will typically last 12 weeks if no mechanical
symptoms are present (symptoms such as locking,
catching, or giving way). This will consist of exer-
cises to strengthen the muscles around the knee,
avoidance of high-impact activities, and possibly
use of a brace to stabilize the knee during the
healing process. The patient can return gradually
to activities when there is no more swelling in the
knee and no pain and the patient has regained
complete strength and control of the knee.

After Surgery

A cast or brace immobilizes the knee after sur-
gery. Patients typically complete a course of reha-
bilitation exercises before gradually resuming
normal activity.

Most doctors will have their patients take part in
formal physical therapy after ACL surgery. This is
typically a program that emphasizes regaining range
of motion and strength of the knee. Many programs
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consist of a graded set of activities, with the early
postoperative exercises putting no stress on the
ACL, gradually progressing to more difficult and
challenging exercises by the fifth or sixth month.

Martha Murray

See also Knee Bracing; Knee Injuries; Knee Injuries,
Surgery for; Knee Ligament Sprain, Medial and Lateral
Collateral Ligaments
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APOPHYSITIS

Apophysitis is an overuse injury to a growth plate,
commonly seen in young athletes. Apophysitis can
be seen in many different parts of the body,
including the elbow, pelvis, knee, and foot. It is
one of the most common injuries seen in elemen-
tary-age children and young adolescents.

Anatomy

An apophysis is a bony protuberance near a phy-
sis, or growth plate, and serves as the insertion site
of major tendons and ligaments. A physis, consist-
ing of cartilage and new bone, is where bones
actively grow during development, and as a bone
matures, the physis will fuse and become all bone.
However, while the physis is still open, it is weaker
than all the surrounding tissues, including the
formed bone, ligaments, tendons, and muscles, so
when stress is applied to an apophysis, it generally
is the part that is injured, resulting in apophysitis.
In most cases, the tension from a repetitively firing
tendon is what causes the apophysitis.

Epidemiology

The increase in organized sports participation has
resulted in a similar increase in injuries among
pediatric athletes. Increased specialization at a young

age, year-round training, and increased intensity of
training at an early age also contribute to overuse
injuries in general and to apophysitis in particular.

Causes

Most cases of apophysitis have a number of causes.
These causes can be divided into two broad catego-
ries: intrinsic and extrinsic. Intrinsic factors are
issues related to the patient’s body. Examples
include biomechanical abnormalities such as pes
planus (flat foot), pes cavus (high arches), excessive
pronation, limb length differences, or abnormal
rotation of the thigh (femoral anteversion). Mus-
cular imbalances can be another intrinsic factor. If
one muscle is significantly stronger than its antago-
nist muscle (e.g., the quadriceps and hamstring
muscles), then abnormal stresses can occur at a joint,
resulting in injury. This often occurs when an athlete
focuses too much on one muscle group. Another
common cause is inflexibility. Children who are
going through their adolescent growth spurt are at
risk for this because bones tend to grow faster than
muscles, resulting in inflexibility. The growth spurt
also happens to be the time when many types of
apophysitis are at highest risk. Muscular weakness,
poor conditioning, or inadequate muscular endur-
ance can also cause apophysitis.

Extrinsic factors are issues related to the patient’s
interaction with the environment. Shoes are a com-
mon extrinsic factor. It is important for athletes to
use shoes that are designed for their sport, appropri-
ate for the competition and practice surface, and
correct for their foot type. It is also important to
replace shoes regularly; it is generally recommended
to replace running shoes every 300 to 500 miles (mi;
1 mi = 1.6 kilometers) and other shoes every season.
Training errors are also another common extrinsic
factor. Many athletes increase their training inten-
sity too fast, resulting in an overuse injury. Other
training errors include improper techniques, such as
improper throwing or weight lifting, training on too
hard or too soft a surface, or using equipment that
is not suited to one’s size, age, or ability.

Symptoms and Signs

Most cases of apophysitis have a gradual onset of
pain. Pain initially tends to be worse after activity
and improves with warming up, but as the pain
worsens, it will be present during activity and,
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eventually, become constant. Specific activities tend
to worsen the pain, depending on which type of
apophysitis the patient has. There may be swelling,
or bony protuberances may become more promi-
nent. Examination will show point tenderness at
the site of the apophysitis, and resisted strength
testing of the affected tendon may be painful. The
natural history of most of these entities is to resolve
without sequelae once the physis fuses.

Diagnosis

Most cases of apophysitis can be diagnosed based
on the history and physical exam. However, X-rays
can sometimes be helpful. X-ray films may show
enlargement or fragmentation of the apophysis or
widening of the physis. Comparison views of the
unaffected limb can be useful to see differences, as
the appearance of growth plates can be extremely
variable. Magnetic resonance imaging (MRI) and
computed tomography (CT) scans are generally
not needed unless the diagnosis is in doubt.

Treatment

Treatment will depend on the location of the
apophysitis, but there are some general principles.
Pain is generally controlled initially by ice and
nonsteroidal anti-inflammatory drugs (NSAIDs).
Relative rest is often the most important treatment,
limiting the activities that cause pain. Rehabilitation
to address muscular imbalances, muscular weak-
ness, and lack of endurance is important to allow
return to activities. Biomechanical abnormalities
should be addressed, often with orthotics or heel
lifts. Sports techniques should be analyzed, and if
any errors are found, they should be corrected.
Return to activities should be gradual, avoiding too
rapid an increase in intensity. Since most of the
apophysitis will eventually resolve when the physis
closes, sometimes treatment involves trying to con-
trol the symptoms in order to allow participation
until skeletal maturity is reached.

Examples of Apophysitis
Medial Apophysitis of the Elbow

Medial apophysitis of the elbow affects the
medial epicondyle, the attachment of the flexor-
pronator muscle group and the ulnar collateral

ligament. It tends to present in children aged 9 to 14
in overhead sports and is often seen in pitchers who
pitch too much or are attempting to break pitches
at too early an age. If it is allowed to progress, it can
result in an avulsion fracture of the apophysis. It
presents with medial elbow pain with throwing,
decreased velocity or distance of pitches, and
decreased effectiveness while pitching. An exam will
show tenderness on the medial epicondyle, a possi-
ble flexion contracture, and pain but no laxity with
valgus stress testing. Treatment involves rest from
all throwing for a minimum of 4 weeks, followed by
a progressive throwing program over 6 to 8 weeks.

Iliac Crest Apophysitis

Iliac crest apophysitis is caused by tension on the
iliac crest from the oblique muscles of the abdomen
and the tensor fascia lata of the lateral thigh. It
most commonly presents in runners during the ado-
lescent growth spurt. Pain is worsened by running,
walking, and twisting and bending of the torso.
Examination will show tenderness over the iliac
crest, and often patients will have tight hip flexors
and abductors. Treatment involves rest, stretching,
and strengthening of the affected muscles.

Osgood-Schlatter and
Sinding-Larsen-Johansson Diseases

These two diseases affect the extensor mecha-
nism of the knee. Osgood-Schlatter (OS) affects the
tibial tubercle, the insertion of the patellar tendon,
while Sinding-Larsen-Johansson (SLJ]) affects the
distal pole of the patella at the origin of the patellar
tendon. They present in preteens (SL]) or early teens
(OS), with anterior knee pain that becomes worse
with jumping and running. Patients with OS will
often have prominent tibial tubercles. Examination
will show tenderness over the distal pole of the
patella in SLJ and over the tibial tubercle in OS.
Patients will often have hamstring inflexibility.
Treatment involves rest, strengthening of the exten-
sor mechanism, and stretching of the hamstrings.
Patellar tendon straps may give symptomatic relief.

Sever Disease

Sever disease is apophysitis of the calcaneus
and occurs at the insertion of the Achilles tendon
into the calcaneus. It presents in 9- to 12-year-old
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children, especially those who do a lot of running.
Pain is worsened by running, kicking, and jumping.
Examination will show tenderness over the poste-
rior calcaneus, where the Achilles inserts, and the
patient usually has very tight gastrocnemius and
soleus muscles. They also often have biomechani-
cal abnormalities with pes planus or excessive
pronation. Treatment involves rest, stretching of
the calf musculature, and strengthening. A heel lift
can provide temporary relief of pain but should
only be used for a short period of time as it can
actually worsen the flexibility issues.

Michael Stump
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ARCH PAIN

The term arch pain describes an injury to the plan-
tar fascia ligament of the foot. The plantar fascia
is a strong fibrous band that runs along the bot-
tom of the foot, starting from the heel bone, span-
ning the arch, and subsequently inserting into the
ball of the foot. Excessive stress on the plantar
fascia results in repetitive microtrauma, causing
mild tears of the ligament. Arch pain is a common
injury in runners and affects both the recreational
and the professional runner. However, a nonath-
lete can also suffer from arch pain as a result of
everyday walking or standing activity.

Although arch pain is not dangerous, it can range
from mild to debilitating, resulting in limitation of

activity. It is frequently seen in middle-aged women
and men but can affect all age-groups, especially
the very ambitious young athlete. Prompt identifi-
cation of the causes and early treatment can often
limit the course of the injury.

Anatomy

The plantar fascia is a strong band of connective
tissue that originates at the heel bone, spans the
arch of the foot, and subsequently connects to the
toes. The fascia is part of a complex dynamic sys-
tem of bones, tendons, and muscles of the foot that
hold up the arch during weight bearing. The plan-
tar fascia also assists in the transfer of weight from
heel to toe during standing, walking, running, and
jumping.

Symptoms

Typically, arch pain is described as occurring with
the first steps in the morning or when getting up
from a seated position. This is because the plantar
fascia, foot muscles, and heel cord tighten over-
night and while seated, with the foot in a plantar-
flexed position (toes pointed downward). On
standing, the plantar fascia ligament is stretched,
and pain results.

The pain symptoms are commonly described as
a sharp stabbing or burning sensation. As the
patient walks, the ligament loosens, resulting in
diminishment of the pain symptoms. The pain will
often decrease during activity; however, it typi-
cally returns after a period of resting. Frequently,
an area of tenderness can be palpated at the
medial insertion of the plantar fascia ligament into
the heel bone.

Causes

The most common cause of pain of the arch is
inflammation of the plantar fascia due to tiny tears
of the plantar fascia through chronic repetitive
stress. These microtears may lead to degenerative
changes of the fascia. Excessive stress in a biome-
chanically imbalanced foot leads to repetitive
microtrauma, causing small microruptures of the
plantar fascia at its insertion at the heel. This sub-
sequently leads to inflammation and pain. If left
untreated, a so-called heel spur may develop as a
sign of chronic overuse. It is important to note that
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the spur is only a symptom of the excessive stress
and not the cause of the pain.

Certain foot types are predisposed to stress on
the plantar fascia. These foot types include flat feet
(pes planus) and high-arched feet (pes cavus). Flat
feet tend to pronate, resulting in inward rolling of
the arch during gait. This motion increases the
stress along the plantar fascia ligament. Conversely,
high-arched feet tend to have tight calf muscles
with shortening of the Achilles tendon and plantar
fascia, which also increases the biomechanical
stress along the arch.

Injury to the plantar fascia can also result in
arch pain. Injuries can be due to excessive train-
ing, a sudden increase in training volume, exercis-
ing on hard surfaces, and wearing poorly
supportive footwear. For the more recreational
athlete, body weight seems to be an important
risk factor in damaging the fascia over time, con-
sequently leading to pain. It is important to iden-
tify the cause of arch pain, whether it is
biomechanical imbalance or overtraining. Proper
identification will help direct treatment as well as
prevent recurrence.

Diagnosis

Diagnosing arch pain is based primarily on patient
history of symptoms and clinical examination of
the foot. Pain symptoms are usually replicated
with palpation of the plantar fascia. The most ten-
der point is usually felt on the medial, plantar
aspect of the heel, the major insertion of the plan-
tar fascia ligament into the heel bone.

Imaging studies can be obtained to aid in mak-
ing the diagnosis as well as ruling out other possible
injuries. Plain X-rays of the foot can eliminate
bone-related causes of heel pain such as bone
tumors and cysts. However, X-rays cannot evalu-
ate the plantar fascia itself. Studies that can exam-
ine the plantar fascia include ultrasound and
magnetic resonance imaging (MRI). Ultrasound
can measure the thickness of the plantar fascia,
which is increased following injury. In cases where
standard therapy has been ineffective, an MRI
study may be appropriate to confirm injury to the
plantar fascia and to eliminate causes of pain such
as stress fractures of the heel or soft tissue tumors.

Other conditions that may mimic arch pain
should be evaluated, especially in patients with

ongoing pain and atypical symptoms. These con-
ditions include rheumatoid arthritis, ankylosing
spondylitis, Reiter syndrome, rupture of the plan-
tar fascia, stress fracture of the heel bone, calca-
neal apophysitis, necrosis of the plantar fat pad,
sciatica, and fibromatosis of the plantar fascia.

Conservative Treatment

Treatment should always start conservatively and
address the inflammatory as well biomechanical
disorders. There is no single treatment that is
accepted to be universally successful to treat plan-
tar fasciitis. Instead, the pain symptoms respond to
a variety of different conservative therapies.

Conservative care consists of nonsteroidal anti-
inflammatory drugs (NSAIDs), corticosteroid
injections, physical therapy, and home stretching
exercises. There is some evidence that the use of
NSAIDs may decrease pain and decrease the level
of inflammation, but they do not address the bio-
mechanics of the foot.

The biomechanics of the foot can be addressed
with taping as well as orthotic devices. Antipro-
nation taping can be done by a physical therapist
to prevent the pronation motion that aggravates
the arch pain. Over-the-counter orthotic devices
can be purchased to prevent pronation and pro-
vide support to the plantar fascia ligament. In
some cases, custom orthotic devices may be neces-
sary to control the biomechanical factors involved
in the arch pain.

Contracture of the plantar fascia and Achilles
tendon has been implicated in the development
and progression of arch pain. Thus, initiation of
physical therapy to stretch these specific contrac-
tures is essential for resolution of the arch pain.
Additionally, patients are educated on a home
stretching regimen to continue treatment and pre-
vent recurrence of the contractures. In addition to
stretching, strengthening of specific muscle groups
to prevent increased stress on the plantar fascia is
effective in the treatment of arch pain.

Stretching of the plantar fascia and Achilles ten-
don can be achieved with night splints. Worn at
night, these braces stretch the contractures while
sleeping, reducing the early-morning pain com-
monly experienced with arch pain.

Physical therapy may also address the inflam-
mation of the plantar fascia ligament with specific
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techniques such as ultrasound therapy iontophore-
sis. lontophoresis uses a small electrical charge to
deliver anti-inflammatory medications through the
skin to the inflamed area. Use of this therapy can
decrease the pain symptoms.

In severe cases that have been resistant to con-
servative therapy, an injection of corticosteroids
in combination with a local anesthetic may be
considered. This is typically given when other
treatments have failed and pain has persisted for
more than 6 months. The injection itself is pain-
ful, and there are associated risks, such as a ste-
roid flare reaction, necrosis of the plantar fat pad,
and recurrence of pain after a short period of
time.

Although discussed controversially in the liter-
ature, extracorporeal shock wave therapy has
been applied successfully in some cases. Extra-
corporeal shock wave therapy uses high-energy
impulses to inflict microtrauma on the inflamed
area. This microtrauma results in new blood
vessel formation and promotes healing of the
inflamed area.

Finally, modification of training is inevitable.
Modification of training should focus on shifting
from high-impact activities, such as running, to
low-impact activities, such as swimming, treadmill
training, or biking. In severe cases, cessation of
activity and immobilization may be necessary to
allow proper healing of all inflamed tissues.

A combination of conservative treatments has
shown a success rate of approximately 90%. Thus,
the initial treatment of arch pain should consist of
the aforementioned therapies. In case of chronic
pain symptoms, surgical intervention should be
considered.

Surgery

In some cases, conservative therapy fails to ade-
quately relieve the arch pain. When surgical treat-
ment is required, the procedure of choice typically
involves releasing the plantar fascia close to its
insertion into the heel bone. If a very large heel
spur is present, it may also be resected, but this is
not recommended on a general basis. Postoperative
healing may take several months, with protection
of the heel necessary until the pain decreases.
Typical operative complications include poor
wound healing, infection, nerve injury, and heel

stress fracture from the altered biomechanics of
the foot following surgery.

Conclusion

Arch pain can be a significant problem affecting
both the professional and the recreational ath-
lete. Early diagnosis and treatment can help limit
its course and prevent further interruption of ath-
letic activities. Treatment of arch pain primarily
consists of addressing the biomechanical issues
and reducing the inflammation of the plantar
fascia ligament. In most cases, the treatment of
arch pain can be addressed conservatively, with
only mild modification of sports activities.
However, in severe cases, surgical intervention
may be necessary.

Steffen Losel and Thanh Dinb
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ARCHERY, INJURIES IN

Archery is seldom listed as a sport associated with
injury. It is, however, far from injury-free. In 1989,
D. L. Mann and N. Littke published the findings
of a study of injury rates among 21 elite Canadian
archers. Shoulder injuries predominated. They
pointed out that elite male archers pull a 45-pound
(Ib; 1 Ib = 0.45 kilogram) bow about 75 times a
day in competition, approximating 3,400 Ib (1,546
kg) pulled in a single day. This represents an enor-
mous strain on the bony, ligamentous, and muscu-
lar structures of the shoulder girdle. In 1991, S.
Fleck and G. Renfro reported that the rate of shoul-
der injury among archers approached that of elite
swimmers. In 1984, Ann Stirland (senior consul-
tant anthropologist with the Mary Rose Trust)
postulated a possible correlation between the
shoulder condition os acromiale and the protracted
and continual use of heavy-poundage English
longbows. The longbow used by the Medieval
English archer was a 6-foot (ft; 1 ft = 0.30 meter)
yew bow with a draw weight between 80 and 180
Ib. Os acromiale is believed to be related to rotator
cuff tear and was found in many of the skeletons
from Henry VIIDs flagship Mary Rose.

Based on these reports a web-based pilot study
was done in 1996 in Britain on the incidence of
injury in archers. The survey was posted on a
popular Canadian archery website that was known
to be visited by elite archers the world over. It was
also published in a number of archery magazines
in the United Kingdom and internationally. Archers
were asked to report injuries that they believed
were connected with their sport. Other data col-
lected included country of residence, gender, the
archery discipline, the length of time involved in
archery, age at the time of injury, and answers to
the following questions:

e Which part of the body was injured and which
side?

e Are you right- or left-handed?

e How painful was the injury?

e What treatment was given, and how effective
was it?

e How much time was spent away from archery as
a result of the injury?

¢ Do you normally use the services of a
physiotherapist?

Although this was a self-reporting study, the
results obtained supported Mann and Littke’s
finding that shoulder injuries predominate in elite
archery. In the first 12 months of the survey, over
100 reports were received. These reports repre-
sented archers from 20 countries, with the major-
ity of reports received from archers in the United
States and Canada. Reports were of persistent pain
or loss of function in the upper limb, with shoulder
pain predominating, but pain in the elbow, fore-
arm, wrist, and hand was also reported. Less com-
mon was back pain and miscellaneous injuries to
other areas of the body. Heavier draw weights and
frequent archery practice seemed to produce the
onset of pain. The majority of injuries involved
joints in the upper limb and appeared to be related
to the repetitive nature of the action of drawing a
bow. These symptoms are related to repetitive
strain injury to the rotator cuff in the shoulder and
epicondyles of the elbow and if not recognized
early can progress to muscular injury at the shoul-
der and elbow.

Working with the British Archery teams between
1990 and 2006, this author found that the findings
of the pilot study were confirmed on a number of
occasions, with elite archers suffering rotator cuff
damage requiring surgical correction. Archers and
their coaches need to be made aware of the risks
involved in long hours of archery practice and
competition. Early signs of repetitive strain injury
often go unrecognized in the effort to achieve com-
petitive success. The archer is often tempted to use
too heavy a bow draw weight in striving to shoot
longer distances as heavier draw weights produce
a flatter trajectory of arrow and tighter groups at
longer distances.

In archery, injuries to the shoulder occur due to
overuse rather than isolated traumatic incidents.
Muscular strains are caused by the extra arrows
shot in training, changes in style, shooting an over-
weight bow, or a rapid return to shooting after
layoff. The archer must learn that shoulder pain is
a sign of early injury and must take corrective
action rather than continue to shoot despite the
pain. The best treatment for injury is to prevent it
from getting worse when early signs appear. The
coach should emphasize the use of a proper shoot-
ing technique. Careful matching of bow and
arrows to the archer is imperative. The archer
should realize the importance of warm-up and
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training programs to condition the muscles of the
shoulder and upper back. Archery is an asymmet-
rical sport, and there is benefit in cross-training in
a symmetrical sport such as swimming so that the
balance of shoulder musculature is maintained.
There is value in seeking the advice of a sports
physiotherapist who understands the sport of
archery when planning a training program or
when rehabilitating from injury.

Between 1993 and 2001, the subject of sports
injury in archery was of prime concern to the
FITA (International Archery Federation) medi-
cal committee. The committee has since pub-
lished findings of further surveys on archery
sports injury in their book Sports Medicine and
Science in Archery. The importance of shoulder-
strengthening exercises for injury prevention is
highlighted. They provide a full training pro-
gram of exercises for strengthening and condi-
tioning the shoulder.

Wiliam David Hutchinson
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AROUSAL AND ATHLETIC
PERFORMANCE

Understanding how arousal (activation, excitement)
of varying intensity affects athletic performance is

important for effective coping with stress-related
emotional experiences in sports. What is emo-
tional arousal? How is it manifested and mea-
sured? How is it related to the performance process
and its outcomes? How can the optimal and dys-
functional effects of emotional arousal on athletic
performance be explained? The sections below
provide research-based answers to some of these
questions.

Arousal as a Category of Bodily Experience

Traditionally, arousal describes the intensity of
the physiological functions of an organism as a
reaction to person—environment (P-E) relation-
ships. However, the definition of arousal as a
bodily reaction captures only one aspect of P-E
relationships. According to Lev Vygotsky, to
study something as indivisible unity, it is neces-
sary to find a construct that would capture the
characteristics of both interacting elements. In
psychology, such a construct to study P-E inter-
actions is experience, reflecting a person’s atti-
tude toward the environment and showing the
meaning of environment for the person. Experience
has a biosocial orientation because it is always
someone’s experience of something and as such is
best represented as a unit of consciousness. Thus,
the analysis of any difficult situation should focus
not so much on the situation or on a person per
se but on how #his situation is experienced by this
person.

From this perspective, arousal as bodily experi-
ence is a component of total human functioning
reflecting the nature of past, ongoing, or antici-
pated P-E interactions. The P-E interactions rep-
resenting the relationships between task demands
and a person’s resources include the predomi-
nance of an organism over the environment, the
balance between a person and the environment,
and the predominance of the environment over an
organism. Three types of bodily experiences are
(1) statelike situational experiences; (2) traitlike,
relatively stable patterns of experience; and
(3) meta-experiences as preferences and rejections
of experiences based on awareness of their helpful
or harmful effects. Meta-experiences determine an
athlete’s appraisal of performance situations and
choice of coping strategies.
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Multidimensionality of Situational
Bodily Experience

Arousal as complex situational bodily experience
is multidimensional, and its systems description as
a component of performance-related psychobioso-
cial states includes at least five dimensions: form,
content, intensity, time, and context.

Form Dimension

Arousal as situational bodily experience is a
component of a performance-induced psychobio-
social state. The form dimension of this state
involves several interrelated components with a
sample of idiosyncratic descriptive labels (mark-
ers): cognitive (alert, focused, concentrated, con-
fused, distracted), affectivelemotional (worried,
nervous, happy, angry, joyful, fearful), motiva-
tional (motivated, willing, desirous, interested),
volitional (determined, brave, daring, persistent),
bodily (somatic) (tired, jittery, sweaty, painless,
breathless, choking), motor-behavioral (sluggish,
relaxed, sharp), operational (smooth, effortless,
easy, clumsy actions), and communicative (con-
nected, related, in touch).

Arousal Content

Qualitatively, arousal as a situational bodily
state of being awake, activated, excited, energized,
wired, psyched up, or exhausted implies different
levels of vigor and vitality. These experiences are
located in different parts of the body (loose or cold
legs, tense face, sweaty arms, and tense neck/shoul-
ders) and accompany unpleasant, stress-related
(anxiety, anger) and pleasant (joy, satisfaction,
hopefulness) emotions. The physical energy related
to these emotions acts to enhance the athlete’s per-
formance when properly channelled, whereas det-
rimental effects are likely when the energy is low
or out of control.

The content of bodily experiences can be cate-
gorized within the framework of two closely
related factors: (1) hedonic tone (pleasure/displea-
sure) and (2) functionality (optimal/dysfunctional
effects). The four arousal categories derived from
hedonic tone and functionality are (1) pleasant
and functionally optimal arousal, (2) unpleasant
and functionally optimal arousal, (3) pleasant and

dysfunctional arousal, and (4) unpleasant and
dysfunctional arousal. This framework helps iden-
tify the idiosyncratic labels of bodily experiences
relevant for performance and reflecting the organ-
ism’s readiness to perform from an athlete’s per-
spective. Physiological changes (in heart rate,
blood pressure, visceral functioning, and other
autonomic nervous system reactions) represent
another content characteristic of arousal-energiz-
ing (or de-energizing) approach and avoidance (or
withdrawal) behaviors.

Arousal Intensity

The intensity of the bodily component of perfor-
mance state characterizes the amount of strength,
power, and effort invested in execution of a task
and its energizing and organizing effects on perfor-
mance. Traditionally, the impact of arousal on
performance was estimated mainly at the group or
interindividual level. This approach ignores the
fact that different athletes require different arousal
intensity levels (high, moderate, low) to give suc-
cessful performances. Therefore, it is recommended
to focus on estimation of the optimal level of
arousal intensity at the individual level.

The “in/out-of-zone” principle (Hanin’s indi-
vidual zones of optimal functioning [IZOF] model)
describes emotional arousal/performance relation-
ships at the individual level. Specifically, athletes,
depending on their available physical, technical,
tactical, and psychological resources and readiness
state, perform up to their potential if their actual
arousal levels are within earlier established opti-
mal zones of intensity and outside dysfunctional
zones of intensity. In contrast, if an athlete’s actual
state is out of her optimal zone, she is likely to
perform below her potential. The in/out-of-zone
notion describes an idiosyncratic (high, moderate,
or low) range of intensity producing optimal and
dysfunctional effects on individual performance.

The concept of “item-intensity specificity,” pro-
posed by Charles Spielberger, suggests that the
content of items captures the intensity of subjective
experiences qualitatively. For instance, anger items
vary in their ability to discriminate among differ-
ent intensities; “upset,” “annoyed,” and “irri-
tated” qualitatively imply less intensity than items
such as “enraged,” “furious,” or “flared up.”
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Time and Context Dimensions

The temporal dimension includes the topologi-
cal (phases, cycles, sequencing, periodicity) and
metric (duration, frequency) characteristics of
bodily experiences. Short-term dynamics involve
bodily experiences prior to, during, and after a
task execution. Current sport psychology research
examines mainly precompetition emotions in the
preparatory stage of the performance process. The
resources-matching hypothesis suggests that opti-
mal and dysfunctional emotions and bodily expe-
riences reflect the availability (or unavailability) of
resources and their effective or ineffective recruit-
ment and utilization. Therefore, a change in
resources and their recruitment and utilization
will result in a change in the athlete’s zones of
optimal functioning.

The context dimension is an environmental
characteristic of the impact of situational, inter-
personal, intragroup, and organizational determi-
nants of experience intensity and content in sports.
Examples of situational impact are emotional
experiences triggered in practice sessions versus
competitions. Interpersonal and intragroup emo-
tional responses reflect how an athlete experiences
his contacts and interactions with a particular
partner (or partners, the team, and management).

Assessment of Arousal

Arousal can be measured using objective and sub-
jective measures. Objective measures are related to
the fact that arousal affects several systems in the
body. Subjective measures are based on the aware-
ness of athletes and their ability to perceive and
report their experiences.

Objective Measures of Arousal

Physiologically, arousal involves activation of
the reticular activating system in the brainstem, the
autonomic nervous system and the endocrine sys-
tem, leading to increased heart rate and blood pres-
sure and a condition of sensory alertness, mobility,
and readiness to respond. Physiological measures
of arousal include changes in brain wave patterns
(electroencephalography—EEG), skin conductance
or resistance (SCR), heart rate patterns (HR) or
their variability, blood pressure (BP), and muscle

activity (electromyography—EMG). Biochemical
measures include epinephrine, norepinephrine, and
the steroid hormone cortisol, obtained from urine
and blood samples.

Low correlation among physiological mea-
sures suggests that different people in the same
stressful situation may respond by changes in dif-
ferent measures. For example, one athlete may
display an elevated HR or its variability, whereas
another athlete may show an increase in BP or
EMG. John Lacey’s principle of “autonomic
response stereotypy” suggests that it is important
to identify an individual’s predominant experi-
ence modality and the profile of the multiple
physiological measures.

Subjective Measures of Arousal

Subjective measures of arousal include idiosyn-
cratic bodily experiences that are described by self-
generated labels (markers), including perceived
heartbeat, a dry mouth, “butterflies in the stom-
ach,” cold and clammy hands, trembling muscles,
sweating all over, and tension in the face, legs/feet,
arms/hands, neck/shoulders, and stomach. The list
of bodily markers also includes the characteristics
of movements (smooth, easy, tight) and feeling
thirst, hunger, cold, or pain (or painlessness).

Three standardized self-report measures to
assess global arousal include the Activation-
Deactivation Adjective Checklist (AD-ACL), the
Somatic Perception Questionnaire (SPQ), and the
Bodily Awareness Scale (BAS). (See the Further
Readings.) As in the case of physiological mea-
sures, it is recommended to develop individualized
bodily experience scales for each athlete with self-
generated idiosyncratic labels.

Yuri L. Hanin

See also Motivation; Psychology of the Young Athlete;
Sport and Exercise Psychology
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ARTHRITIS

Arthritis is defined as pain and inflammation of a
joint. Osteoarthritis, rheumatoid arthritis, and
gout are the most common. Approximately 40
million Americans have osteoarthritis. This entry
discusses the causes, diagnosis, and treatment of
these types of arthritis.

Osteoartbritis is believed to be caused by muscle
imbalances, acute injury, cumulative injury, and
genetic predisposition. Rheumatoid artbritis is the
result of the immune system attacking the joints.
Gout is caused by the deposition of uric acid crys-
tals in the joints.

Diagnosis
Risk Factors

Osteoarthritis

Risk factors for osteoarthritis include advanced
age, female sex, obesity, activity level, previous
injury, and genetics. Osteoarthritis is more common
in twins, suggesting a genetic component. Weight
loss surgery showed that 89% of people had total
resolution of their symptoms with an average weight
loss of 98 pounds (Ib; 1 Ib = 0.45 kilogram). There is
an increased risk of lower limb osteoarthritis in pre-
viously injured joints and in participants of repeti-
tive, high-impact sports. Increased risk has not been
found in recreational exercisers. Regular moderate
exercise has been shown to decrease symptoms.

Rheumatoid Arthritis

Rheumatoid arthritis is more common in women
and in smokers and their relatives. Seventy-five per-
cent of women will have improvement or resolution
of their symptoms during pregnancy. Exercise is not
causative. Regular exercisers have been shown to
have less fatigue and decreased disability.

Gout

Gout is more likely in those who consume alco-
hol, eat large quantities of meat or fish, or take
water pills for high blood pressure and in men over
age 30. There is no known link with exercise.

History

Osteoarthritis

Patients will present with complaints of pain in
weight-bearing joints, such as the knees and hips.
Onset peaks in the fifth decade but can present at
almost any age. Patients describe pain and stiffness
that slowly progresses over time to become severe
and unremitting. Pain worsens with weight-bear-
ing activities. Osteoarthritis can mimic rheumatoid
arthritis, discogenic disease, joint infections, and
ligamentous injuries.

Rheumatoid Arthritis

Patients will present with joint pain, swelling,
and redness, most commonly in the hands and feet.
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These symptoms are often symmetrical and in mul-
tiple joints. Pain is usually worse in the morning.

Gout

Gout presents with acute severe pain and swell-
ing in one joint, most commonly the great toe. It
can be confused with infection.

Physical Exam

Osteoarthritis

A detailed physical examination should be per-
formed on the affected joints. Joint swelling, ten-
derness, and decreased range of motion is common.
Joints may be slightly warm, but significant red-
ness and warmth may indicate infection or other
forms of arthritis.

Rheumatoid Arthritis

Patients will often have pain, swelling, and stiff-
ness in symmetrical multiple joints. The finger and
wrists are most commonly involved. Destruction of
the finger joints may cause deviation of the fingers
away from the thumb. The joints are usually boggy
and painful, with decreased range of motion.

Gout

Joints affected by gout will be swollen, red, stiff,
and extremely tender with movement. The great
toe is most often affected, but gout can occur in
almost any joint.

Laboratory Tests

Osteoarthritis

The gold standard for evaluating joint pain is
joint fluid evaluation. The joint fluid analysis usu-
ally shows mild inflammation in osteoarthritis.
There are no specific blood tests for osteoarthritis.
Markers for inflammation such as erythrocyte
sedimentation rate and C-reactive protein may be
elevated, but they are often not necessary for the
diagnosis.

Rheumatoid Arthritis

The diagnosis of rheumatoid arthritis can be
aided by some blood tests. Rheumatoid factor will

be elevated in approximately 70% of people with
rheumatoid arthritis, but other rheumatic diseases
may also show elevation of this factor. Anticyclic
citrullinated peptide antibody (anti-CCP) is a more
specific test for rheumatoid arthritis. Joint fluid
analysis usually shows moderate inflammation.

Gout

Gout is normally diagnosed through a history
and a physical exam. When the diagnosis is
unclear, joint fluid can be evaluated for uric acid
crystals, which are unique to gout. Checking the
blood for uric acid levels is not an accurate test.

Radiologic Studies

Osteoarthritis

Weight-bearing X-rays should be taken of the
weight-bearing joints to check for joint space nar-
rowing, bone spurs, and sclerosis. Magnetic reso-
nance imaging (MRI) should be performed if
patients have locking or instability to evaluate for
other causes of the symptoms.

Rheumatoid Arthritis

X-rays of patients with rheumatoid arthritis will
show destruction and erosion of the joint space.
Soft tissue swelling will also be seen. Fingers may
demonstrate deviation away from the thumb.

Gout

Early gout will show no changes on X-rays. As
gout becomes chronic, sclerosis and joint erosions
may occur. Chronic gout may also demonstrate
tophi, which are whitish nodules from deposition
of urate crystals in the soft tissue, commonly just
under the skin.

Treatment
Osteoarthritis

Treatment includes weight loss, activity modifi-
cation, medications, supplements, physical ther-
apy, joint injections, and joint replacement
surgery.

Weight loss has been shown to be effective. Diet
and exercise are the cornerstones of weight loss.



Arthritis 99

Activities such as swimming or stationary bicycle
are recommended. These activities decrease the
stress on the joints compared with activities such
as running. Physical therapy can be used to
strengthen the joints in order to prepare the patient
for increased physical activity.

Acetaminophen is safe and effective when
taken at recommended doses. Nonsteroidal anti-
inflammatory drugs (NSAIDs) may be added if
pain control is not adequate. NSAIDs have been
associated with increased risk of bleeding stomach
ulcers, heart attack, and stroke.

Glucosamine is an over-the-counter supple-
ment. Some studies indicate that it may be benefi-
cial. A trial is reasonable since side effects are rare.
Chondroitin is often found in the same prepara-
tion but is not as well studied.

Corticosteroid injections relieve pain by block-
ing the inflammation. These generally provide
short-term relief (1-3 weeks) and sometimes pro-
vide long-term relief (6—12 months). There is con-
cern that too many injections may cause damage to
the joint.

Hyaluronic acid injections are designed to
restore healthy joint fluid but are approved only
for the knee. The patient may receive one to five
injections depending on the medication chosen.
The medical literature confirms that these are
more effective than placebo and about as effective
as NSAIDs and corticosteroid injections.

Joint replacement surgery is widely available for
the knee, hip, and shoulder and in some areas for
the thumb, fingers, ankle, and spinal disks. The
arthritic cartilage is removed and replaced with
special metals and/or plastics. Postoperative reha-
bilitation may take 6 to 12 months. Major risks
include blood clots, infection, nerve injury, and
reactions to anesthesia. Patients are recommended
to confer with the surgeon to discuss surgical
options, risks, and benefits.

Rbeumatoid Arthritis

The most effective treatment for rheumatoid
arthritis includes early diagnosis and disease-
modifying antirheumatic drugs (DMARD:s). Patient
education regarding the nature of the disease, rest
with flares, and appropriate physical and occupa-
tional therapy have been shown to improve symp-
toms. Patients are at increased risk of coronary

atherosclerosis and should be monitored for osteo-
porosis if on corticosteroids and kept up to date
with immunizations if on immunosuppressive
medications.

Gout

The treatment of an acute gout focuses on pain
relief. Prescription-strength NSAIDs are usually
recommended first. NSAIDs have been associated
with increased risk of bleeding stomach ulcers,
heart attack, and stroke. If NSAIDs are ineffective
or contraindicated, colchicine may be prescribed. It
decreases uric acid levels by eliminating it through
the stool. Side effects are diarrhea, cramping, and
abdominal pain. Intraarticular corticosteroids may
be indicated when oral medications fail.

For frequent and disabling attacks, patients
may be started on probenecid. This prescription
medication decreases uric acid by increasing its
excretion through the kidneys. Eight glasses of
water are recommended daily to prevent kidney
stones. Probenecid should not be used with aspi-
rin, which blocks its effects. Allopurinol acts to
block production of uric acid but has risk for
allergic reactions.

Steven James Collina and Adam Chrusch
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ARTHROSCOPY

Arthroscopy is a technique in sports surgery that is
becoming increasingly popular. It involves the
insertion of a camera, or arthroscope, into a joint
through small skin incisions termed arthroscopic
portals. The image within the joint is then pro-
jected onto a video screen and can be used for both
diagnostic and treatment purposes. Arthroscopy is
a minimally invasive alternative to many open sur-
geries, with advantages including less pain, smaller
incisions, and faster rehabilitation. Arthroscopy
can be performed on many joints, but it is most
commonly used in the knee, shoulder, elbow, hip,
and ankle. The types of surgeries that can be per-
formed arthroscopically and the list of joints in
which they can be used is constantly expanding.

Anatomy

A joint is an articulation or connection between
two bones that allows for movement. The type
and structure of the joint will determine the level
of movement allowed. For example, the knee is a
hinge joint that allows bending (flexion) and
straightening (extension) in the leg, whereas the
shoulder is a ball-and-socket joint that allows arm
motion in any direction. While each joint contains
unique components related to its specific function,
there are baseline similarities between joints that
allow the concepts of arthroscopic surgery to be
applied.

Joints are surrounded by a thick tissue called
the capsule, which forms an enclosed space. The

inner layer of the capsule is lined by synovium,
which serves as a filter. The synovium secretes
joint fluid, which lubricates the joint. There is car-
tilage attached to the ends of each bone in the
joint. The cartilage is a form of connective tissue
that resembles the shiny white portion of a chicken
bone; it provides a smooth surface for joint move-
ment. There are often ligaments (bundles of fibrous
tissue) and tendons (ropelike muscle attachments
to bone) that are around and inside joints and
serve to stabilize them.

Indications

The indications for arthroscopic surgery include a
wide range of conditions that involve the joints
and the ligaments inside them. Arthroscopy is
primarily performed for diagnostic purposes. In
cases where the diagnosis is unclear after physical
exam and imaging, some surgeons may opt to
perform an arthroscopy to visualize the joint and
locate the problem. Generally, the source of the
pain can be found and addressed during the
arthroscopy.

Debridement is a term used to describe the
cleaning of a surface, and it can be applied to the
joint. Often, a patient will have an arthroscopy
due to pain or limitation of mobility. With
arthroscopic debridement, the surgeon can smooth
the roughened surfaces that may be causing the
pain or excise any tissues that may be causing
painful symptoms. Debridement can also be used
to wash out a joint infection.

Many types of repairs of ligaments and tendons
can be done through arthroscopy. Tears of liga-
ments or cartilage in the knee, such as anterior
cruciate ligament or meniscus tears, can be repaired
with the aid of arthroscopy. Shoulder injuries
involving torn cartilage or tendons, such as rotator
cuff tears and biceps tendon injuries, can also be
repaired through arthroscopy. The requirement
for arthroscopic repair is that the structure in ques-
tion be within the joint space and in an area acces-
sible by the arthroscopic tools.

Technique

The setup in the operating room for arthroscopy is
very important. (See the entry Operating Room
Equipment and Environment.) Like any other
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surgery, arthroscopy is done under sterile condi-
tions in the operating room. Many surgeons use
specific positioning devices to allow the limb or
joint to be in the ideal position for the procedure.
In some cases, traction with weights attached to
the limb may be used to increase the joint space.

Small incisions (0.5 inch [1.3 centimeters]) are
made in the skin, and an arthroscopic portal is
made to access the joint. Fluid is inserted under
pressure into the joint to make the joint space
larger. A camera approximately the size of a pen-
cil is inserted through these incisions to visualize
the inside of the joint. The image from the camera
is projected onto a monitor, which the surgeon
will use to direct the movement and position of
the camera. Many surgeons use the camera to
photograph or videotape their intraoperative
findings.

Every arthroscopic procedure begins with a
diagnostic arthroscopy, which entails looking
around the entire joint to either confirm or deter-
mine the causes of the patient’s symptoms. The
joint surface and the ligaments and cartilage in the
joint are thoroughly inspected for tears or abnor-
malities. The recesses, or pockets, of the joint are
checked for fragments of bone or cartilage that
may indicate previous injury.

During the arthroscopy, the surgeon may use a
variety of instruments. A probe, or a small metal
hook, is used to feel and move the cartilage and
ligaments seen on the camera. A small electric
shaving device, also the size of a pencil, may be
used to shave off injured or frayed areas of carti-
lage. Other small tools that fit through the small
incisions and act as scissors, graspers, and cutters
may be used to remove loose pieces of cartilage
that are found in the joint.

In the event that a repair of a tendon or liga-
ment is indicated, the surgeon may use anchors,
screws, or sutures to hold the tendon or ligament
in place. Many of these fit through the small inci-
sions made for the camera and represent a favor-
able alternative to open surgery. Often, however,
the more complicated cases may require a slightly
larger incision in addition to the small incisions, to
remove or insert larger tools or materials.
Reconstruction, in which tissue is taken from else-
where and used to re-create a missing or torn
structure, is becoming an increasingly popular
technique as well.

Benefits

Arthroscopic surgery has many benefits. When
compared with open surgery, in which the joint is
opened and the procedures are done under direct
visualization by the surgeon, arthroscopy offers a
minimally invasive approach to these procedures.
The arthroscopic procedures require smaller inci-
sions. Therefore, there is less scarring on the skin.
There is less disruption of the tissues under the
skin and in the joint and, consequently, less pain
and faster healing. The smaller incisions also allow
a smaller area to be exposed to the air, resulting in
decreased risk of infection. Patients also tend to
have less pain from the incisions from this proce-
dure and are able to participate in rehabilitation
sooner.

Limitations

Not all diseases or conditions involving a joint can
be treated with arthroscopy. Some surgeries require
large exposures of the joint, which arthroscopy
cannot offer. Complicated arthroscopic cases may
require the surgeon to repair the joint under direct
visualization with an open procedure. This most
often happens if a structure that needs to be
repaired cannot be reached through the small inci-
sion without causing injury to other structures or if
there is poor visualization within the joint due to
bleeding or other factors. In the event of repeat
surgeries, there are often complicating factors such
as scar tissue or poor bone quality, which do not
allow arthroscopic repair techniques to be used
effectively.

After Surgery

Most arthroscopic surgeries are performed as out-
patient cases, meaning that you may be able to go
home on the day of your surgery. The incisions are
small and can often be covered with Band-Aids.
Depending on the type and location of the surgery,
the surgeon will make recommendations regarding
limitation of activity. Some procedures will require
strict restrictions on activity and instructions on
how to care for the operative site (such as using
crutches or restrictions on lifting), while others
may have no restrictions. Many people who
undergo arthroscopic surgery will need physical
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therapy before they can resume their normal
activities.

Miho ]. Tanaka and Dennis E. Kramer

See also Knee Injuries, Surgery for; Operating Room
Equipment and Environment; Shoulder Injuries,
Surgery for; Sports Injuries, Surgery for
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ARTICULAR AND MENISCAL
CARTILAGE REGENERATION
AND REPAIR

Normal function of the knee in both the athletic
and the nonathletic population depends on the
integrity of the many components that make up
this complex joint. Structures made of cartilage in
particular play a key role in maintaining normal
function.

Within the knee, there are two different types of
cartilage: (1) articular (hyaline) cartilage, which is
the thin layer of smooth, white, shiny tissue cover-
ing the articulating bone surfaces, and (2) the
meniscal cartilages, which are two crescent-shaped
wedges of elastic cartilage that lie between these
surfaces.

Structure and Function of Articular Cartilage

Articular cartilage has the lowest coefficient of
friction of any known substance, which in con-
junction with the additional lubrication provided
by synovial joint fluid allows the articulating

Arthroscopic view of femoral articular cartilage

Source: Photo courtesy of Angus Robertson, M.D.

surfaces of the knee joint to slide freely against
each other. In the healthy joint, articular cartilage
is only a few millimeters thick, increasing in depth
where the loads are greatest (see photo at top of
column).

Articular cartilage is made up of cellular and
structural components. The cell population is
composed of cells called chondrocytes, which are
predominantly concentrated in the deeper carti-
lage layers adjacent to the bone surface. The sup-
porting matrix is made up of long molecules
called glycosaminoglycans, lying within a mesh of
Type II collagen fibers. A large percentage of the
weight of the tissue is made up of water, which
gives the articular cartilage its elasticity and assists
in lubrication.

Articular cartilage interfaces with bone at a
layer called the subchondral plate. Unlike the
underlying bone, the cartilage has no blood or
nerve supply, which is in part why, when it is dam-
aged, it is particularly poor at repairing itself.

Structure and Function of
the Meniscal Cartilages

The meniscal cartilages function as load sharers
and shock absorbers. They are crescent shaped
when viewed from above and wedge shaped in
cross section. There are two meniscal cartilages
(menisci) in the knee, one medial and one lateral
(see photo on next page). They are made of
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continuous circumferential bands of Type I colla-
gen fibers attached firmly to bone at each end.
Cells called fibrochondrocytes are embedded in
the tissue. The menisci have a good blood supply
around their periphery, extending approximately
one third of the way radially into their structure.
The remaining inner two thirds of the tissue is
avascular. The cells in this part of the menisci are
sparse and less metabolically active, taking their
nutrition from the diffusion of nutrients and oxy-
gen from the circulating synovial fluid.

Articular Cartilage Injury

Injury to articular cartilage in the knee can vary
from small patches of softening or fraying to
unstable or loose flaps or even patches of bare
bone, where the cartilage has worn away alto-
gether. This can occur through a variety of differ-
ent mechanisms, including blunt direct or indirect
trauma causing anything from minor “bruising” of
the cartilage to major damage such as detachment
of a fragment of bone and the overlying carti-
lage—an osteochondral injury. The cartilage may
also be damaged by chronic conditions such as
osteoarthritis. Disruption of articular cartilage
structure and function can result in various symp-
toms including pain and joint swelling. The joint
may click and feel unstable or “give way.” Where
there is more extensive damage, the knee may
become increasingly stiff.

Arthroscopic view of a meniscal cartilage

Source: Photo courtesy of Angus Robertson, M.D.

Meniscal Cartilage Injury

Meniscal injury commonly results from a twisting
mechanism on a loaded bent knee. With increasing
age, the meniscal cartilages become degenerate,
less elastic, and are more liable to tear with mini-
mal or no specific trauma. Classic symptoms
include pain along the medial or lateral side of the
knee, an effusion, a painful clicking, a sudden
painful giving way, and locking (where the joint
intermittently gets stuck and the patient is unable
to straighten the knee). A variety of different clini-
cal tests have been described for detecting tears.
The most popularly used is the McMurray test,
which involves putting the knee through a combi-
nation of flexion/extension, internal/external rota-
tion, and varus/valgus movements in an attempt to
elicit a click/clunk in the knee. The test itself has
low sensitivity and only moderate specificity.

Investigations

X-rays have a limited role in investigating cartilage
injury in the knee. They may be useful in demon-
strating osteochondral injury, in identifying avul-
sion fractures implying an associated ligament or
capsular injury, and in established osteoarthritis.
Magnetic resonance imaging (MRI) is now the
mainstay of investigation, providing relatively
detailed imaging of both articular and meniscal
cartilage. However, it is important to emphasize
that MRI may still have a false-positive or
-negative rate of up to 20% for meniscal tears.

The Treatment of Cartilage Injury

The first-line treatment of a cartilage injury not
causing mechanical symptoms includes painkillers,
anti-inflammatories, viscosupplementation (intra-
articular injection of hyaluronate), and physical
therapy. In cases where such measures have failed,
a number of surgical options are available.

Most articular cartilage injuries are now treated
predominantly using arthroscopic techniques (key-
hole surgery). Rough surface cartilage can be
smoothed using small motorized shavers or radio-
frequency probes that superheat and melt the
superficial layers of the cartilage, “welding”
together cracks or fissures and “sticking down”
unstable edges. When the injury has progressed to
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expose areas of bare bone, a variety of options are
available depending on the size and depth of the
defect. For small lesions, it is possible to roughen
the bone surface and puncture the area with mul-
tiple little holes. This “microfracture” technique
produces bleeding into the defect, thereby intro-
ducing stem cells from the adjacent bone marrow,
allowing a reparative patch of cartilage to form.
This cartilage is predominantly fibrocartilage
rather than hyaline cartilage and has poorer
mechanical properties. In association with the cor-
rect rehabilitation protocols, microfracture has
reported success rates in the region of 80%. For
larger lesions, techniques such as autolgous chon-
drocyte implantation can be employed. This proce-
dure involves taking samples of cartilage from
non-weight-bearing surfaces of the knee, culturing
them in a laboratory for about 6 weeks, and inject-
ing the multiplied cells back into the defect under
a patch of collagen during a second operation.
Alternatives include introducing these cells seeded
into collagen membranes or gels, which are then
used to fill the defect. Similar success rates to
microfracture have been published, with the best
results being for defects in the femoral condyles.

Where there is a deeper ostochondral injury, it
is not enough simply to replace the cartilage layer.
To restore the articular surface, osteochondral
plugs must be taken from non-weight-bearing
areas of the knee or from tissue donors and
inserted into the defects. Synthetic engineered
alternatives are also now available.

The meniscal cartilages have poor blood supply,
and tears frequently fail to heal on their own, with-
out surgical treatment. Most tears, particularly
complex degenerate tears in older patients and
those at the inner avascular edge of the meniscus,
are irreparable, in which case the torn fragment
can be removed using arthroscopic techniques.
Loss of meniscal function decreases shock absor-
bancy and increases peak contact pressures, sig-
nificantly increasing the risk of future arthritis.
With this in mind, every attempt is made to pre-
serve meniscal tissue when trimming a meniscal
tear, which is termed a partial meniscectomy.
Some tears in the outer third of the meniscus
(where there is reasonably good blood supply) may
heal if supported by sutures. Small, fresh tears in
younger patients have the greatest chance of suc-
cessful repair. Technological advances now allow

meniscal repairs to be performed with arthroscopic
techniques. If a meniscal tear is trimmed, postop-
erative rehabilitation can be rapid. If, however, a
repair is performed, most surgeons will advise that
the knee be protected for up to 6 weeks postopera-
tively, with limited weight bearing and bracing,
and patients will be advised not to return to sports
before 3 months postoperation.

In those younger patients where a large pro-
portion of the meniscus has been lost, a number
of techniques are being developed to try to restore
meniscal function. These include the insertion of
bioengineered meniscal scaffolds or meniscal
allografts (meniscal transplants) into the knee to
provide a framework into which the patient’s cells
grow and regenerate meniscal tissue. The results
of these techniques, in terms of improvement in
function, have been encouraging in the short
term.

The Future

Improved MRI techniques are enhancing the struc-
tural imaging of articular and meniscal cartilage
and are allowing mapping of metabolic activity
within hyaline cartilage. Tissue engineering is
increasingly being used to improve the quality of
the regenerate articular cartilage produced by the
techniques described above. This includes the pro-
duction of better scaffolds to encourage cellular
regrowth and work to improve the understanding
of the cellular mechanisms involved in cartilage
repair. New biological (absorbable) glues are being
developed for meniscal repair, and the potential
use of agents such as growth factors to enhance
meniscal healing is being explored. In time, it is
likely that a combination of gene therapy and tissue-
engineering techniques will see patients being able
to regrow organs, including the meniscal carti-
lages. However, at present the best advice remains
to protect one’s articular and meniscal cartilages
through proper warm-up, safe training, good
sporting technique, and regular exercise to keep
supporting muscles strong and reflexes fast in an
attempt to avoid damage to these important carti-
lage structures within the knee.

Angus Robertson and lan Douglas McDermott

See also Anterior Cruciate Ligament Tear; Arthritis; Knee
Injuries; Meniscus Injuries
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ASTHMA

Asthma is a disease that is characterized by airway
hyperresponsiveness, reversible airway obstruction,
and airway inflammation. The hyperresponsiveness
is caused by an exaggerated bronchoconstrictor
response to stimuli such as histamine. Airway
edema can be caused by mucous hypersecretion,
resulting in the formation of mucous plugs and
swelling. This entry discusses various issues related
to asthma, including diagnosis, classification, and
treatment and management. (See the entry Asthma,
Exercise-Induced.)

This is an important topic for sports medicine
because undiagnosed or uncontrolled asthma can
result in poor athletic performance and inability to
achieve top physical fitness. It is important that
athletes with asthma be diagnosed correctly and
then treated optimally so that they can maximize
their athletic potential.

Diagnosis
Clinical Manifestations

The presentation of asthma can vary, but some
of the more common symptoms include wheezing
(often recurrent), cough, recurrent chest tightness
or shortness of breath, and increased sputum pro-
duction. Symptoms of asthma are often sporadic
and become worse at night. Symptoms typically
occur or worsen with exercise, viral infections,
exposure to allergens or irritants, weather changes
(cold air increases symptoms), gastroesophageal
reflux, laughing, and crying. The variations of pre-
sentation and triggers make an accurate history
one of the most important tools in diagnosing
asthma.

The physical exam may or may not demonstrate
cough or wheezing. Wheezing typically occurs in
the expiratory phase, but it can occur during inspi-
ration as well. Other physical exam findings may
be signs of allergic rhinitis (see the entry Allergies)
and atopic rashes such as eczema.

Diagnostic Testing

Chest X-rays are helpful because they can
exclude other causes of wheezing that mimic
asthma, such as bronchitis, pneumonia, congestive
heart failure, or foreign body aspiration. A typical
chest X-ray finding in asthma is lung hyperinfla-
tion with a flattened diaphragm. A pulse oximetry
reading can also be helpful.

Pulmonary function tests (PFTs) are the gold
standard in helping diagnose and manage asthma.
Spirometry can be done in the ambulatory or
emergency setting and is an objective measure of
lung function. Spirometry measures the expira-
tory flow rates, comparing baseline values based
on the patient’s age, race, and height. A decrease
in forced expiratory volume in the first second
after full inspiration (FEV,) is characteristic in
obstructive lung diseases, including asthma and
chronic obstructive pulmonary disease. The hall-
mark of spirometry in asthma, though, is an
increase in FEV, of >200 ml and of >12% from
baseline after use of a bronchodilator. It is recom-
mended to perform spirometry at the initial
assessment in order to establish a baseline, after
treatment has been initiated and symptoms have
stabilized, during periods of prolonged loss of
asthma control and at least every 1 to 2 years if
the patient is stable.

If spirometry is normal and asthma is still sus-
pected, a methacholine challenge can be done. This
is done by having patients breathe increasing con-
centrations of methacholine and measuring FEV,
and subjective symptoms after each dose. Testing
stops if the methacholine concentration reaches 8
mg/ml without any significant change in lung func-
tion. This has a high specificity, meaning that a
negative test essentially excludes asthma. A decrease
in FEV, of greater than 20% from baseline is a
positive test.

Peak flows are more variable and less reliable
than in spirometry. They should not be used as the
primary method of PFT. They are useful for daily
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outpatient monitoring, for identifying exacerbations,
and for assessing the effects of treatment changes.

Classification

Asthma severity is determined by considering a
number of different factors. Asthma categories are
used to help direct the patient’s treatment. If a
patient has elements from more than one category,
then the patient’s asthma is categorized at the level
of the most severe symptom. Asthma is catego-
rized as intermittent or persistent, with persistent
asthma divided into categories of mild, moderate,
and severe. Note: The classifications below are for
age 12 and older. There is a different set of criteria
for children under 12.

Intermittent

Intermittent asthma is categorized by the fol-
lowing criteria:

1. Daytime symptoms occurring two or fewer days

per week

2. Two or fewer nocturnal awakenings per month

(O8]

Use of a short-acting beta agonist (SABA) for
symptom control less than twice per week

No interference with normal activity
Normal FEV, between exacerbations
FEV, >80% of predicted value

FEV,/FVC (forced vital capacity) ratio normal

® N ok

One or no exacerbations per year requiring oral
steroids

Mild Persistent
Mild persistent asthma is categorized by the fol-
lowing criteria:
1. Symptoms occurring more than twice per week
but not daily
2. Three to four nocturnal awakenings per month

3. Use of a SABA for symptom control more than
twice per week but not daily

4. Slight limitation in normal activities

5. FEV, >80% of predicted value
6. FEV /FVC ratio normal

7. Two or more exacerbations per year requiring
oral steroids

Moderate Persistent

Moderate persistent asthma is categorized by
the following criteria:

1. Daily symptoms of asthma
Nocturnal awakenings more than once per week
Daily use of a SABA for symptom relief
Some limitation in normal activities
FEV, between 60% and 80% of predicted value
FEV,/FVC ratio reduced by 5% or less

N ke

Two or more exacerbations per year requiring
oral steroids

Severe Persistent
Severe persistent asthma is categorized by the
following criteria:
Symptoms of asthma throughout the day
Nocturnal awakenings daily
Use of a SABA multiple times per day
Daily activities severely limited
FEV, <60% of predicted value
FEV,/FVC ratio reduced by >5%

N A=

Two or more exacerbations per year requiring
oral steroids

Treatment

The goals of therapy are essentially to prevent the
symptoms of asthma from occurring. Goals include
limiting the patient’s use of a SABA to less than
twice per week, maintaining normal pulmonary
function, and preventing loss of lung function.
Treatment is also aimed at preventing recurrent
exacerbations, keeping the patient as highly func-
tional as possible, and minimizing the adverse effects
of therapy. The approach to pharmacotherapy is
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based on increasing medications until the asthma
is controlled and decreasing medications when
possible to minimize side effects.

Inhaled corticosteroids are the most potent and
consistently effective long-term control medication
for asthma. The broad action of inhaled corticos-
teroids on the inflammatory process may account
for their efficacy as preventative therapy, and their
clinical effects are important. They reduce the
severity of symptoms, improve asthma control and
quality of life, improve spirometry, and help pre-
vent exacerbations. Inhaled corticosteroids also
diminish airway hyperreponsiveness and have
been shown to reduce the use of systemic steroids,
the frequency of emergency room visits and hospi-
talizations, and the incidence of death due to
asthma attacks. Early use of low- or medium-dose
inhaled corticosteroids has shown significantly
improved asthma outcomes. Also, studies have
shown that inhaled corticosteroids improve asthma
control more effectively, in both children and
adults, than leukotriene receptor antagonists or
any other single long-term control medication.

For all patients, quick-relief medications may be
needed. These include SABAs, which are used
depending on the severity of symptoms. These can
be used in up to three treatments at 20-minute
intervals as needed. More than that amount should
warrant a visit to the doctor or emergency room.
For patients who have exacerbation of symptoms
that cannot be controlled with a SABA alone, a
short course of oral systemic corticosteroids may
be needed. The use of a SABA is for symptom
relief, not prevention. Also, use of a SABA more
than twice per week generally indicates inadequate
control and the need to step up treatment.

Current guidelines call for a stepwise approach
to asthma control. In each step, care should be
taken to evaluate the patient, educate the patient
about asthma, try environmental control (such as
removal of triggers), and manage other comorbidi-
ties. Prior to a step up, check adherence to medica-
tion, and try to modify other factors that may be
triggering the asthma attacks. Last, if a patient’s
asthma has been well controlled for over 3 months,
consider a step down to the previous level.

Step 1: This is usually for those patients with
intermittent asthma, and a SABA is the only
medicine needed.

Step 2: Steps 2 to 6 are generally for those patients
with persistent asthma. In Step 2, the preferred
choice of treatment is addition of a low-dose
inhaled corticosteroid. Alternatives include
cromolyn, leukotriene receptor antagonists
(LTRAs), nedocromil, or theophylline (this
medicine is rarely used because of the high
number of side effects and interactions with
other medications).

Step 3: The preferred treatment is a low-dose
inhaled corticosteroid and a long-acting beta
agonist (LABA) or a medium-dose inhaled
corticosteroid. Alternatives are a low-dose
inhaled corticosteroid and an LTRA or
theophylline or zileuton. Also, consider
consultation with an asthma specialist such as an
allergist or pulmonologist at this step.

Step 4: The preferred treatment is a medium-dose
inhaled corticosteroid and an LABA. Alternatives
include a medium-dose inhaled corticosteroid
and an LTRA or theophylline or zileuton. A
specialist should be consulted at this step.

Step 5: The preferred treatment is a high-dose
inhaled corticosteroid and an LABA; also
consider omalizumab for patients who have
underlying allergies.

Step 6: The preferred treatment is a high-dose
inhaled corticosteroid, LABA, and oral
corticosteroids, and again consider
omalizumab.

Conclusion

Winter sports tend to increase the risk of an asthma
attack because of the cold, dry air, but almost any
sport can potentially induce an asthma attack.
There have been many athletes at the professional
and Olympic levels who have a diagnosis of asthma.
With proper treatment and monitoring, they have
performed well, and some have even won gold
medals. As long as athletes with asthma have their
symptoms under control, there are no limitations to
participation. If the asthma is not well controlled or
if it exhibits symptoms, the athlete should follow
up with an allergist or a sports medicine physician
experienced in treating asthma.

Marc A. Molis and Whitney E. Molis

See also Allergies; Asthma, Exercise-Induced
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AsTHMA, EXERCISE-INDUCED

Exercise-induced bronchospasm (EIB), also
known as exercise-induced asthma (EIA), is a
condition that obstructs the flow of air to the
lungs during physical exertion. This condition
can adversely affect the performance and fitness
of athletes. EIB is defined as the presence of
symptoms while exercising or, more formally, as
a decline in FEV, (forced expiratory volume in
the first second after full inspiration) or PEFR
(peak expiratory flow rate) shortly after the
onset or cessation of exercise. FEV, and PEFR
are measured by pulmonary function testing.
This entry discusses key issues related to EIB,
including triggers, diagnosis and testing, treat-
ment, and prevention.

Pulmonary Function Criteria

A 15% decline in FEV, with exercise is the gener-
ally accepted value for diagnosis of EIB. For people
with a known history of asthma, a 20% decline in
FEV, with exercise is sometimes used as the crite-
rion. The maximal decrease in FEV, usually occurs
after about 5 to 8 minutes of vigorous exercise,
and pulmonary function tests (PFTs) usually return
to baseline 60 minutes after exercise.

Epidemiology

Approximately 12% of the total population expe-
riences symptoms of EIB. EIB can be detected in
about 41% of those people with a history of aller-
gic rhinitis, and 70% to 90% of asthmatics have
EIB. There is equal distribution between the sexes,
and it can occur at any age.

Risk Factors

A history of asthma is the biggest risk factor, fol-
lowed by a family history of asthma, allergic rhini-
tis, recent infections (especially bronchitis), and
chest symptoms such as cough and congestion.

Mechanism

The current understanding of EIB starts with the
idea that hyperventilation during exercise causes
drying of the airways and the epithelial cells,
increasing intracellular osmolarity. This results in
the release of mediators including histamine, leu-
kotrienes, and others. These mediators then cause
a transient bronchoconstriction or spasm. At the
same time, another mechanism of EIB is taking
place: The heat loss during exercise and the rapid
rewarming of the airways after exercise cause reac-
tive hyperemia of the microvasculature and edema
of the airways, which sets up an osmotic gradient.
This osmotic gradient results in the release of
inflammatory mediators, causing bronchospasm.

Triggers

EIB can be triggered by cold air, dry air, or pollu-
tion or allergens in the air. Mouth breathing is
more likely to cause symptoms because unlike
nasal breathing, which warms the air, mouth
breathing does not and is more likely to cause cool-
ing of the airways and trigger EIB. Intense exercise
is also more likely to trigger EIB, so sports such as
cross-country skiing, basketball, long-distance run-
ning, soccer, and hockey are more likely to trigger
EIB symptoms. Chemicals such as chlorine in
pools, and insecticides, pesticides, herbicides, and
fertilizers used in fields can also trigger symptoms.

Diagnosis and Testing
Clinical Signs and Symptoms

These can vary but typically may include wheez-
ing, shortness of breath, cough, chest tightness,
chest pain (usually reported more in children), feel-
ing “out of shape,” poor athletic performance,
early fatigue, and a dry cough postexercise. Patients
can have anywhere from one to a few symptoms.
These symptoms are all similar to the symptoms
found in asthma (see the entry Asthma), but they
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occur only while exercising and are of a shorter
duration.

Physical Exam

Patients can present with some of the following
exam findings: wheezing on lung exam, signs of
atopic disease (e.g., eczema) on skin exam, cob-
blestoning or enlarged tonsils on throat exam,
sinus tenderness or pressure, or enlarged and
boggy turbinates on nasal exam. Patients often
present with no clinical findings.

Testing

If the history points to the likelihood of EIB, a
trial of albuterol (or another short-acting beta-2
agonist) is often sufficient. If the patient does
not respond to the medication, has negligible
reduction of symptoms, or has symptoms more
consistent with asthma, then further testing is
warranted.

Medication and Testing

During pulmonary function testing, certain
medications need to be stopped/avoided so as not
to confound the testing and produce false-negative
results. For further information, see the entry
Asthma.

Pulmonary Function Tests

These can range from hand-held spirometry,
which can be done in the physician’s office, to
more formal testing done in a hospital setting,
which can include a methacholine challenge or
DLCO (diffusing capacity of the lung for carbon
monoxide). The methacholine challenge is used to
help diagnose asthma, whereas the DLCO test is
used to diagnose pulmonary parenchymal disor-
ders, such as chronic obstructive pulmonary dis-
ease. PFTs can be performed in many different
ways to evaluate for EIB, but the most effective is
to try and mimic the sport or activity that causes
the athlete’s symptoms.

Free Running

Baseline PFTs are performed prior to exercise.
Next, the patient runs either outdoors or indoors

until he or she has symptoms, and another set of
PFTs are done and compared with the baseline
PFTs. One of the advantages of this method is that
it is the most likely to induce symptoms, is cheap,
and requires minimal cardiovascular (CV) moni-
toring. Disadvantages include difficulty in control-
ling the environment, such as temperature and
humidity, and that it may not trigger EIB in all
patients.

Treadmill and Bicycle Ergometer

This testing is done by having the patient either
run on a treadmill or ride a bicycle. Among the
advantages are that CV and pulmonary monitor-
ing can be done during the workout and the
workload can be standardized. Disadvantages
include expenses related to the equipment and
that this testing is less likely to induce EIB because
factors such as temperature, humidity, pollutants,
and allergens are less likely to play a role
indoors.

Special Testing

At present, the International Olympic Committee
(IOC) requires prior notification for the use of a
beta-2 agonist. This notification must be accompa-
nied by objective evidence that justifies the need
for the medication. At this time, the gold standard
is a eucapnic voluntary hyperventilation (EVH)
test. This test consists of hyperventilating dry air
containing 5% carbon dioxide at room tempera-
ture, and a reduction in FEV, of greater than 10%
is used to make the diagnosis.

Prevention and Treatment

Pharmacologic

Inhaled Beta-Adrenergic Agonists

This is the primary medicine used in prevention
and treatment of EIB. Using this class of medicine
(e.g., albuterol) about 15 to 30 minutes prior to
exercise can often prevent or reduce the symptoms
of EIB. A spacer should always be used with this
medicine so that the patient receives the maximum
amount of medication. Only the aerosolized form
of albuterol has been shown to be effective in EIB
and asthma. If the albuterol helps the patient, then
no further medication is necessary.
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Leukotriene Antagonists

This category of medicine can be added as sec-
ond-line therapy and occasionally as first-line
treatment. It is not as effective in athletes with iso-
lated EIB but can help those with underlying
asthma.

Inhaled Corticosteroids

These are not effective in isolated EIB but are
the mainstay of treatment for athletes with
asthma.

Antihistamines and Intranasal Steroids

These medicines can help athletes with underly-
ing allergic rhinitis, which may trigger EIB and
EIA.

Nonpharmacologic

There are various other ways to try to help treat
and/or prevent the symptoms caused by EIB. Con-
ditioning may help reduce the severity of the symp-
toms. Patients can be taught to “run through”
their EIB, meaning that the athlete continues to
exercise while having symptoms, and some ath-
letes can push through these transitory symptoms
and continue their exercise. Short bursts of vigor-
ous exercise (e.g., wind sprints) may suppress EIB
symptoms and induce short-term refractoriness.
Warming up prior to activity induces bronchodila-
tion and refractoriness to EIB, and cooling down
after exercise can decrease postexercise EIB symp-
toms. Other tips include avoiding exercise in areas
with a high pollen count or high pollution. Also,
cold weather often exacerbates EIB, so exercising
indoors during cold weather or wearing a scarf can
help. Last, nasal breathing helps warm the air, so
avoid mouth breathing.

Marc A. Molis and Whitney E. Molis

See also Asthma; Pharmacology and Exercise
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ATHLETE’S FooT

Athlete’s foot, also called tinea pedis or ring-
worm, is a rash caused by a fungal skin infection.
The skin areas most commonly affected are the
plantar surface (sole) of the foot and the web
spaces between the toes. It is estimated that at
least 70% of all people will have a fungal foot
infection at some point in their life. Athletes may
be at slightly greater risk because the factors that
predispose infection are warm, moist environ-
ments, such as those caused by shoe wear and
walking barefoot in infected locker rooms and
public showers. Other factors that predispose cer-
tain populations to infection are medical condi-
tions such as hyperhidrosis (excessive sweating)
and those that affect the immune system. It is seen
in males more commonly than in females and is
uncommon prior to puberty.

Anatomy

The skin has three layers. The deepest layer is
called subcutaneous tissue and is composed of adi-
pose (fat), nerves, hair follicles, arteries, veins, and
sweat and oil glands. The middle layer is the der-
mis. It has two layers and varies in thickness
depending on the location in the body. The deepest
layer of the dermis is composed of thick collagen
fibers, which have parallel alignment with the skin
surface. This layer sits just on top of the subcuta-
neous tissue. The thin, more superficial (outer)
layer of the dermis is also made of collagen fibers,
which are randomly arranged. The most superfi-
cial layer of the skin is the epidermis. The epider-
mis constantly replenishes keratinocytes (skin
cells), which flatten, die, and eventually slough.
The overall thickness of the epidermis depends on
the location in the body. It is thickest in the palms
and soles. The epidermis is composed of five layers
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(from deep to superficial): (1) stratum basale,
(2) stratum spinosum, (3) stratum granulosum,
(4) stratum lucidum, and (5) stratum corneum.
The stratum basale is named for the basal cells that
form the base of the epidermis. They lie on top of
the dermis, are shaped like columns, and are con-
stantly dividing to replenish cells lost at the sur-
face. Basal cells divide into keratin-producing cells
called keratinocytes. These keratinocytes form
microscopic spines that link them together; thus,
this layer is called stratum spinosum. As the cells
migrate toward the skin surface and become pro-
gressively flattened, they form a new layer, called
stratum granulosum because the cellular cytoplasm
appears granular under microscopy. The cells then
die and become the outermost layer, the stratum
corneum, which is composed of keratin. The kera-
tin layer of the stratum corneum is the only layer
infected by the fungi that cause athlete’s foot. The
stratum lucidum is a transition layer between the
stratum granulosum and stratum corneum. It is
only found in the thick skin of the palms of the
hands and soles of the feet.

Causes

Athlete’s foot is an infection caused by a type of
fungi called dermatophytes. Able to infect only the
top layer of dead keratin, dermatophytes affect the
skin, hair shafts, and nails. Dermatophytes can
be further classified into three genera: Trichophyton,
Microsporum, and Epidermophuton. Trichophyton
rubrum is the dermatophyte most commonly asso-
ciated with athlete’s foot, and although other der-
matophytes can also cause athlete’s foot, they are
less common. Fungal spores from T. rubrum can
live in human scales for up to 12 months and are
therefore easily transmitted from person to person
in locker rooms and public showers.

Symptoms

Fungal infections are frequently asymptomatic;
however, some rashes are pruritic (itchy) and, if
also infected with bacteria, can become painful.
Athlete’s foot can be categorized into four main
types: interdigital (toe webs), moccasin, vesicular
(blisters), and ulcerative.

Interdigital infections may be dry or macerated
(soft from being wet). The dry type of infection is

typically scaly, erythematous (red), and fissured
(cracked). In the macerated type, the skin within
the toe web is white, moist, peeling, and also some-
times fissured. The web between the fourth and
fifth toes is the most common site of interdigital
infection, although any of the web spaces can be
involved.

In moccasin-type infections, the area involved is
limited to the soles and lateral portions of the feet.
The leading edge of infection is a well-defined line
of erythema (redness). It is dry, with a fine scale
and hyperkeratosis (thickening of the epidermis).
Moccasin-type infections are commonly bilateral
(right and left sides).

In vesicular infections, the raised, erythematous
leading edge of the rash contains vesicles (small
fluid-filled blisters) or bullae (large fluid-filled
blisters), which are a sign of acute inflammation.
The presence of pus indicates secondary bacterial
infection.

Ulcerative-type infections are the spreading of
interdigital infection to the dorsum (top) or plan-
tar surface of the foot. They have characteristics
similar to those of macerated infections and are
usually secondarily infected with bacteria.

Diagnosis

Definitive diagnosis is made by obtaining a skin
scraping from the leading edge of inflammation.
The skin is collected using a No. 15 scalpel blade
to scrape skin scales onto a glass microscope slide.
The skin scraping is then evaluated for the pres-
ence of hyphae (fungus strands) under microscopy
using potassium hydroxide (KOH) wet mount
preparation.

Treatment

Athlete’s foot can usually be treated with topical
antifungal medications such as terbinafine (Lamisil),
which can be purchased over the counter. Topical
prescriptions such as ketoconazole or clotrima-
zole may also be used. The length of treatment
ranges from 1 to 6 weeks depending on which
medication is used. Oral prescription medications
such as fluconazole or ketoconazole may be required
for severe or resilient infections. If complicated
with bacterial infection, antibiotics may also be
necessary.
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Prevention

Warm, moist environments are ideal conditions
for athlete’s foot. Tight, nonbreathable, or restric-
tive footwear causes excessive friction and sweat-
ing, which encourage fungal growth. Frequent
changing of socks, application of powder to
absorb moisture, and wearing sandals in locker
rooms and public showers are key for preventing
infection. Socks are not effective locker room wear
for prevention.

Jennifer S. Weibel

See also Cholinergic Urticar