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“This book is a must-read for all coaches, parents, and yes, con-
tact-sport athletes. Written by respected authorities and compre-
hensively and clearly covering the white-hot sports medicine
topic of concussion, this book merits reading by all involved with
sports.”

Robert C. Cantu, MD, MA, FACS, FACSM

Chief of neurosurgery service and director of sports medicine,
Emerson Hospital, Concord, MA

Medical director, National Center for Catastrophic Sports
Injury Research

”This book provides a unique and much-needed perspective on the
increasingly common problem of sport-related concussion. The
book covers all aspects of sport-related concussion and will serve
as an invaluable resource for physicians, athletic trainers, coaches,
parents, and athletes. This book is a must-read for anyone interested
in the issue of brain concussion in sports.”

Joseph Maroon, MD

Team neurosurgeon, Pittsburgh Steelers

Heindle Scholar in Neuroscience

Professor, University of Pittsburgh School of Medicine
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Endorsements

"This work by Solomon and colleagues provides for all of us an
excellent shelf reference summarizing the current state of clinical
practice and applied research related to the assessment and man-
agement of sport concussion. The authors have successfully cre-
ated a valuable resource appropriate for all professionals charged
with the care of athletes after a concussion. In contrast to other
respected texts intended primarily for a medical readership, this
introductory text also provides a wealth of information that ath-
letes, parents, and coaches will find helpful as they attempt to
gain a better understanding of concussion, the expected course
of recovery, and the basis for a cautionary approach to return-to-
play decision making after a head injury. The authors also offer a
unique contribution to the literature with their dedicated section
on injury treatment and rehabilitation, which is often lacking in
the discussion on concussion management. By pointing out those
questions yet to be answered regarding young sport participants’
early and long-term risks, the authors admirably pave the way for
future research that will continue to drive an evidenced-based
approach to clinical management of sport concussion.”

Michael McCrea, PhD, ABPP
Director, Neuroscience Center
Waukesha Memorial Hospital

"This book is a unique approach to understanding concussion in
sport. The text is current and comprehensive in scope. All aspects
of concussion, from anatomy and metabolism of the injury to
assessment and treatment of injury, are discussed. As an athletic
trainer involved in professional football, I was interested in the
information about other professional sports. I found the writing
style to be unlike that in a textbook; the information is presented
in such a way that it was very readable and easily understood. In
addition to being a valuable resource for the athletic trainer, the
text will also be of value to parents who have children involved in
sports as well as coaches and other health professionals.”

John A. Norwig, ATC
Head athletic trainer
Pittsburgh Steelers Football Club



Preface

This book began as a five-page "Introduction to Concussion” semi-
nar presented to professional hockey coaches in 2001. We began to
expand the information in an attempt to compile an introductory
guide to concussion for athletes and their families, professionals,
and patients who often have similar questions about concussion,
treatments, and long-term outcomes. The material included in this
book presents the final product after several years of compiling
information on sport concussion.

Some excellent advanced medical textbooks are available on
sport concussion (for example, see Lovell, Echemendia, Barth,
and Collins, 2004, Traumatic Brain Injury in Sports: An International
Neuropsychological Perspective). No introductory book on sport con-
cussion, however, is directed specifically toward professionals who
work with athletes. The Heads-Up on Sport Concussion is directed
toward sports medicine and family physicians, athletic trainers,
athletes, coaches, psychologists, students, and other professionals
interested in sport concussion. Qur hope is that the reader of this
book will gain a more complete understanding of the various aspects
of sport concussion and thus provide better care and education to
athletes who sustain sport concussions. Although much of what is
presented in this book may be applicable to concussion in general,
the focus is on sport-related concussion. This book is not intended
to be a substitute for appropriate medical or neuropsychological
evaluation and treatment of any type of concussion. An athlete
(and any other person) should always see a physician for the initial
evaluation of a concussion.

The Heads-Up on Sport Concussion is a relatively comprehensive
review of the current literature on sport concussion. The book
includes information related to concussion and head injury from
the fields of biochemistry, neuroimaging, neuropsychology, and
epidemiology. We have made a conscious attempt to avoid deal-
ing with detailed scientific critiques of the studies presented. We
encourage you to consult the original sources if you would like
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more information about scientific methodology, data-analysis tech-
niques, and experimental design. Most chapters include a Research
Digest section to provide further scientific details of particular
studies. Appendix A presents an overview of the content in chap-
ters 1 through 6, with a special focus on the concerns that interest
athletes, parents, and coaches. Clinicians can use this appendix
as a communication tool when working with these individuals.
Appendix B contains a resource section on sport concussion with
a list of helpful Web sites.

Virtually all of the information contained in this book is based
on the work of experts in the fields of sports medicine, neurol-
ogy, neurosurgery, and neuropsychology. We have attempted to
synthesize their scientific work into a readable and understand-
able introductory text. In an effort to make the text accessible for
multiple levels of readers, we have included a running glossary
that contains terms specific to the field.

We address the definitions of concussion, symptoms of concus-
sion, short- and long-term effects of concussion, the demographic
and epidemiological data on sport concussion (by gender and sport,
when available), and what is thought to happen in the brain struc-
turally and chemically during and after a concussion. We review
grading scales, the use of neuropsychological and neuroimaging
tests, and the role of loss of consciousness in sport concussion. We
look at what the National Collegiate Athletic Association (NCAA),
National Football League (NFL), and National Hockey League (NHL)
have done and are doing about concussion. Overviews of concus-
sion in boxing and in soccer are presented with a focus on head-
ing the ball in soccer. Finally, various diagnostic and assessment
strategies for concussion are addressed and consensus opinions
about rehabilitation are presented. We have attempted to make it
clear when we are presenting our personal opinions. We use the
terms concussion, closed head injury, and mild traumatic brain injury
(mTBI) interchangeably throughout the book, although in scientific
parlance and clinical reality they are not necessarily the same.

Various chapters and sections in the book begin by posing a
general question about an area of sport concussion. At the end of
each section we offer conclusions and our opinions. We are also
making a poster available for concussion education. This poster is
a free download and can be found at www.HumanKinetics.com/
TheHeadsUpOnSportConcussion. We hope that trainers, physicians,
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coaches, and sports medicine professionals will use this poster to
educate athletes and their families about the signs, symptoms, and
treatment of concussion.

The evaluation and treatment of sport concussion are rapidly
expanding areas of sports medicine. New findings appear in the
professional literature almost every month, so it is virtually impos-
sible for the information in this book to be entirely up to date.
However, every attempt has been made to keep the information
in this book current and timely. With those caveats in mind, let’s
get to work.
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chapter 1

Sport Concussion:
Just the Facts

In this chapter we discuss the people involved in the assessment
and treatment of sport concussion; introduce you to some basic
facts about the brain; and review some definitions of concussion,
which is more difficult to pin down than you might think. We also
discuss the demographics of sport concussion and review the avail-
able epidemiological data.

Cast of Charactgrs in Sport Concussion

The cast of characters in sport concussion includes athletes, physi-
cians, athletic trainers, sport psychologists, and neuropsychologists
(now being called sport neuropsychologists by some authors). Let's
get more specific about who these folks are and what they typi-
cally do.

The athletes discussed in this book include those involved in
various high school, collegiate, and professional sports. We have
little data to share regarding athletes younger than the midteens.
In general, the information presented relates to athletes in the age
range of 15 to 40. The studies reviewed include athletes of both
genders, although female athletes have been studied specifically
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as a group in sport concussion only recently. Therefore, more data
are related to men than women in the available literature. We pre-
dict this difference may disappear in the near future (particularly
because women appear to incur more concussions than men do in
some sports). See the chapter by Brooks {2004 for a discussion on
gender issues in brain injury.

The care of athletes who have sustained a sport concussion is
generally assigned to a team of sports medicine and health care
professionals, which may include athletic trainers, physicians,
and neuropsychologists. Responsibilities and duties among these
professionals vary across settings and individual levels of training
and expertise.

Physicians are major players in the assessment and treatment
of sport concussion. Indeed, physicians typically have primary
responsibility for medical care and return-to-play decisions. Team
physicians at the professional level often include members of the
medical specialties of internal medicine, orthopedic surgery, neurol-
ogy, family practice, neurosurgery, ophthalmology, plastic surgery,
and dentistry. Each National Hockey League (NHL) team seems to
have a virtual mobile unit of physicians at each game, including an
orthopedic surgeon, dentist, internist, plastic surgeon, and ophthal-
mologist. Most National Football League (NFL} teams have at least
an internal medicine physician and an orthopedic surgeon on the
sideline at each game. The suggestion has been put forward that
a neurological specialist should be in attendance also. A primary
care physician (PCP) is also a significant partner in this process,
especially in the absence of a full-time team physician.

Although head injury and concussion have typically been viewed
as being primarily within the scope of the medical specialties of
neurology and neurosurgery in a hospital setting, it seems para-
doxical that physicians of varying specialties have become involved
in the evaluation and treatment of concussion in sports. It is pos-
sible that in many instances the physician's specialty may be less
important than his or her knowledge about and experience with
concussion.

The team athletic trainer (or ATC, which stands for athletic
trainer, certified) is the front-line health care professional in sport
concussion. Dr. Michael Ferrara and colleagues (2001} reported that
ATCs care for an average of seven concussive injuries per year. It
is the ATC to whom most athletes initially report their symptoms
and concerns, and it is the ATC in whom athletes often have the
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greatest trust. ATCs who work closely with athletes generally know
them best and are usually the source of an excellent opinion as to
how an athlete is functioning after a concussion.

A neuropsychologist is a doctoral-level psychologist (PhD or
PsyD) with specialty training and experience in the assessment
and treatment of disordered brain-behavior relationships. A neuro-
psychologist (or sport neuropsychologist) is not the same as a sport
psychologist. A sport psychologist is a doctoral-level psychologist
who has specialty training and experience in the scientific applica-
tion of psychological factors that are associated with participation
and performance in sport and exercise. Kontos and colleagues (2004}
have published an introduction to sport concussion for the sport
psychology consultant. Neither a sport psychologist nor a neuropsy-
chologist is a medical doctor, and neither can prescribe medication
independently or admit a patient to a medical hospital.

Although both types of psychologists can make valuable contri-
butions to athletes, their roles differ considerably. We recommend
seeing a neuropsychologist for the evaluation and assessment of
sport concussion and a sport psychologist for issues related to
athletic performance. New data about the role of sport psychol-
ogy interventions in concussion rehabilitation are being explored
(Bloom et al. 2004). The neuropsychologist typically administers
written, oral question-and-answer, or computer-based tests to evalu-
ate the cognitive effects of concussion. In some settings, physicians
and ATCs will administer cognitive tests; they should be properly
trained and experienced in the administration and interpretation
of these tests. Just because someone is licensed as a physician, ath-
letic trainer, or psychologist does not automatically mean that the
individual is competent in the administration and interpretation of
cognitive tests used for the evaluation of sport concussion.

So this is the cast of characters in sport concussion. Who is the
leader of this team of sports medicine professionals? Who makes
the decision about returning an athlete to play after a concussion?
In a survey of 339 athletic trainers attending the 1999 National
Athletic Trainers’ Association (NATA) Annual Meeting, Ferrara and
colleagues (2001) reported that team physicians (40%) and athletic
trainers (34%) were primarily responsible for making return-to-play
decisions. Professionals have varying opinions as to who should
take the lead and who should make the decision about an athlete's
return to play after a concussion. Some maintain that the team
physician should decide, whereas others think that the ATC should
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make the call. Yet others believe that
medicolegal —The interface of the neuropsychologist should make the
medical practice and legal o L Q .
(liability} issues. decision. The politics and, more impor-
tant, the medicolegal considerations
surrounding this issue are significant.
A simple, straightforward answer to these questions cannot always
be found. The circumstances, resources, and professional expertise
of the available sports medicine professionals of each team may
dictate the answer. With all things being equal and under ideal
circumstances, we believe that the final decision should be one of
consensus among the professionals, as recommended by the NATA
position statement on sport-related concussion (Guskiewicz et al.
2004). Ultimately, however, the final decision in most cases will
be left to the team physician.

The Brain

The brain is the head coach, general manager, and chief executive
officer of the mind and body. Like the human heart, it is always
working. The brain, however, has a much longer life span than
the typical career of a sports team head coach, general manager,
or corporate CEO. The long life span of the brain is one reason to
be concerned about an athlete’s brain and to make every effort to
protect it. The brain is the only one the athlete will ever have.

Concussion can impair the brain functions of thinking and reac-
tion time (often referred to as speed of information processing),
memory, concentration, balance, and eye-hand coordination. These
abilities are the cognitive functions of the brain, and they are the
most vulnerable in a concussion. A concussion can be as simple
as a brief blow to the head, with rapid recovery, or it can be a life-
threatening medical emergency. A concussion is an insult to the
brain (both literally and figuratively). Figure 1.1 shows a side view
of the major parts of the brain.

Athletes tend to show greater worry over an injury to a knee
than to the brain. And yet, a knee can be repaired surgically; we
cannot do this routinely with an injury to the brain. An athlete
with a concussed brain can be a danger on the field, both to her-
self and to her teammates. Not all concussions are created equally,
and all need to be considered individually. Both neurological and
psychological factors are relevant and may need to be taken into
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FIGURE 1.1 Knowledge of the structure of the brain and how it functions will aid in
understanding concussions.

Courtesy of the Alzheimer’s Disease Education and Referral Center, a service of the National Institute on Aging.

account in the assessment of concussion. The clinical evaluation of
concussion requires an individualized approach, as recommended
and described by the Concussion in Sport Group (2002).

Let's review some basic information about the brain. The con-
sistency of the brain is similar to gelatin and thus is vulnerable to
outside trauma. Figure 1.2 shows a lifelike model of an exposed
human brain. It is encased within the skull, which offers it some
protection. However, the skull does not absorb impact forces to the
head, so it functions very poorly as a shock absorber. This lack of
ability to absorb impact leaves the brain vulnerable to injury, and



