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Foreword

I am very pleased to introduce Dr. Bill Meehan’s parent’s guide to sports-related
concussions.

Such a book is long overdue. A true health crisis is emerging as we in the
sports medicine field come to understand that far too many concussions are
occurring on the sports field. What is even more disturbing is that this very
dangerous injury is often not reported or is underreported. The short- and
long-term implications of concussion injuries are not fully appreciated, and as
a result, they are often managed in an inadequate fashion.

Dr. Meehan’s book is the first book for parents on this subject. In this excel-
lent resource you will find information that clarifies the extent of the concussion
problem, signs you can use to recognize concussions in your own child, and
proper guidelines for management, monitoring, and safe return to play for the
young athlete.

Although sports medicine is a relatively young discipline, there is a growing
awareness of how important it is that injuries sustained by athletes receive
focused assessment and management. Injuries to young athletes are of particu-
lar concern. In addition to how we diagnose and treat these injuries, there is a
particular emphasis now on injury prevention.

Nowhere is this more important than in sports injuries to the brain. Unlike
other anatomical areas such as our bones, muscles, ligaments, and tendons,
our brain tissue has relatively limited ability to heal and repair itself. If not rec-
ognized and treated early on, repeated injuries to the brain can result in lasting
and permanent damage. And of course, above and beyond all other tissue in
our body, the brain plays a fundamental role in our ability to function as human
beings.

All this makes it imperative that we focus on early recognition and diagnosis
of concussion injuries, especially in our children, who depend on us for their
safety. Furthermore, everyone in the sports environment—parents, coaches,



team officials, and athletes—must combine their efforts to find and implement
the most effective means of preventing injuries to the young athlete’s brain.

Dr. Meehan’s book will explain to parents what your role is and will help you
appreciate the wide-ranging impact of such an injury on your children’s lives.
This extends from their ability to interact with their peers, to completing home-
work assignments, all the way to their overall mood and behavior.

The great challenge for the next generation of sports medicine experts will
be to develop systematic methods to prevent concussion in sports. This may
include modified or new sports rules, coaches’ and officials’ education, and even
new training techniques and protective equipment.

I believe every parent will find this new book a fascinating and comprehen-
sive look at this important subject. I give it my highest recommendation and
consider it a must-read in the growing lexicon of sports medicine books for a
public interested in this field.

Lyle J. Micheli, MD
Director, Division of Sports Medicine, Children's Hospital Boston

O’Donnell Family Professor of Orthopedic Sports Medicine
Clinical Professor of Orthopedic Surgery, Harvard Medical School

Secretary General, International Federation of Sports Medicine
Past President, American College of Sports Medicine
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Introduction

We were in the heart of the rugby scrum. A 20-year-old lock playing for Boston
College was struck in the head by the mighty kick of an opponent. As the ball
was released, he staggered away toward the wrong end of the field before collaps-
ing to the ground. He rose unsteadily, only to collapse again. Finally, he rose to his
feet and began sprinting, in an attempt to rejoin the play. But he was running in the
wrong direction, away from ball. He fell one last time, only to be helped off of the
field by his teammates.

“What’s the matter with him,” hollered the coach.
“He’s all right,” came the reply. “He just got his bell rung.”

And that was how it was.
We got “shaken up” or “had our bells rung.” We simply “shook it off,”

“toughed it out,” or “walked it off.” The word concussion was rarely used. When
it was used, it was mostly for athletes who were knocked unconscious for longer
than a few seconds. Many times, we returned to the game in which we were
injured. Often, we returned while still experiencing headaches, ringing in the
ears, and other symptoms.

So why all the concern nowadays? What was it that changed the way sport-
related concussion is diagnosed and managed? Why is the media constantly
reporting stories about concussion in young athletes?

Five main medical findings change the way we think about sport-related
concussion:

1. Concussion results in measurable brain dysfunction, which lasts for several
days, weeks, or even months in some athletes.

2. This brain dysfunction often persists, even after the athlete reports being
symptom-free.

3. Athletes who sustain one concussion are at increased risk of sustaining more-
concussions in the future.



4. The effects of multiple concussions are cumulative.
5. There may be long-term effects, only revealed later in life, that result from sus-

taining multiple concussions earlier in an athlete’s career.

These recent medical findings have led to a relatively rapid change in the
way doctors and other clinicians think about sport-related concussions and con-
cussive brain injury in general. This rapid change in thinking has generated a lot
of attention, not only in the medical literature but also in the popular media.
When many of us were growing up, a concussion was not thought to be a serious
injury. Athletes often laughed and joked about it. Certainly few people believed
that there were any long-term effects or brain dysfunction that could result from
a concussion or even multiple concussions.

These days, we know that a concussion results in a true, measurable, loss of
brain function, that can persist, even after athletes feel that they are completely
recovered. Furthermore, we know that sustaining multiple concussions over the
course of one's career can lead to more permanent brain dysfunction, depres-
sion, and other problems. This sudden change in thinking has left many
athletes, parents, coaches, and others confused. This book will help clarify the
medical and scientific data that has resulted in this change of thinking. In doing
so, this book will answer the following questions:

• What is a concussion?
• How common is concussion?
• Can an athlete prevent a concussion?
• What is the best way to assess a concussion?
• What can be done to treat a concussion?
• When is it safe to return to playing after a concussion?
• What are the risks of suffering multiple concussions?

In addition, readers of this book will learn how they can respond to a con-
cussed athlete, as well as what they should expect from medical personnel
tending to a concussed athlete. For those readers interested in starting a com-
prehensive concussion management program in their area, this book contains
some recommendations on how to proceed. Lastly, the book concludes with
several athletes describing, in their own words, their experiences with
concussions.

At the end of each chapter is a list of suggested readings for those readers
who may wish to learn more about the topics covered within the chapter. Many
of these readings are medical or scientific articles, often those referred to in the
chapter. While these articles may use some medical and scientific jargon,
I believe the overall principles can be appreciated, even without scientific or
medical training.

xviii Introduction
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1

Definitions and Team Members: Who

Will Help Care for the Athlete with

a Sport-Related Concussion?

Before we begin to look in depth at sport-related concussion in chapter 2, it will
be helpful for the reader to be familiar with the names of the various medical
personnel involved in assessing and managing sport-related concussions. Simi-
larly, familiarity with certain terms that are used frequently in sports, sports
medicine, and in the management of sport-related concussion will serve as an
aid to understanding the chapters that follow.

PERSONNEL

Clinician

A general term for a medical professional who assesses and treats patients
with an illness or injury. Doctors, nurses, psychologists, neuropsychologists,
nurse practitioners, athletic trainers, physician assistants, and many others are
all included under the term clinician.

Athletic Trainer (ATC)

A medically trained professional who specializes in the assessment and treat-
ment sport related injuries. Often, a team will have its own athletic trainer or even
several athletic trainers who oversee the healthcare of the team’s athletes. When
an athlete is injured, the athletic trainer is usually the first medical professional
to respond. The athletic trainer will have the athlete explain how the injury
occurred. The athletic trainer will examine the athlete and decide whether further
management is needed. Often, the athletic trainer alone will treat the injury.

www.Ebook777.com
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Athletic trainers have expertise in certain types of treatment, as well as in taping
and bracing techniques, which can prevent injury or allow an athlete with a mild
injury to continue to participate in sports. Athletic trainers are an essential part of
the sports medicine team. Since their specialty is sport related injuries, athletic
trainers, in general, will know as much, if not more, about sport-related concus-
sion than other medical specialists who do not have an interest in sports medicine
or concussive brain injury.

Sports Medicine Doctor

A doctor who has completed extra medical training focused on the illnesses
and injuries of athletes, and how athletes are affected by illness and injury.
Sports medicine doctors specialize in the assessment, management, and treat-
ment of sport related injuries. There are two types of sports medicine doctors:
sports medicine physicians and sports medicine surgeons.

Sports medicine surgeons are doctors who initially trained in orthopedic sur-
gery and then went on to do specialty training in sport related surgery. They can
perform many surgeries arthroscopically. That means, instead of cutting a joint
open in order to reconstruct a ligament, repair an injured meniscus, or tend to
other injured structures, they can make small incisions through which they
insert a camera and other small tools needed for repairing or reconstructing
injured structures. Such small incisions allow for quicker recovery times. Often,
athletes who undergo arthroscopic surgery are able to return to sports sooner
than those who undergo open surgeries. In addition to performing surgery,
sports medicine surgeons are able to assess and treat many sport related inju-
ries, mostly involving the bones, muscles, tendons and ligaments of athletes.
Should an athlete sustain an injury which requires surgery, it is best performed
by a sports medicine surgeon. Though not all surgeries can be performed
arthroscopically, a surgeon trained in sports medicine will know which pro-
cedure is best for the athlete, allowing the athlete to safely return to play at
his or her prior level of performance in the shortest possible amount of time.

Sports medicine physicians are doctors who initially trained in a medical
field such as internal medicine, pediatrics, family practice, or emergency medi-
cine. After their initial training, they went on to do more specialized training
in the assessment and management of sport related injuries. While they will
treat injuries related to bone, muscle, tendons, and ligaments, they will also treat
many other illnesses suffered by athletes. As sport-related concussion is a
common injury in athletes, these physicians will be educated and knowledge-
able about the assessment and management of sport-related concussions.

Team Physician

A doctor who is dedicated to work with a specific athletic team. For profes-
sional, college, and many other teams with significant resources, this doctor will
almost always be one who is trained in sports medicine. However, for those
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teams without such resources, this may be a physician or an orthopedic surgeon
who has an interest in sports and takes care of the athletes without having any
specific training in sports medicine. Frequently, the team physician manages
not only the athletic injuries of the team but also other common ailments and
illnesses that arise throughout the season, such as influenza outbreaks and
chronic conditions, such as asthma, that might affect a team’s athletes.

Neuropsychologist

A scientist and clinician who specializes in the assessment of brain function.
Neuropsychologists have earned either a doctor of psychology degree (PsyD)
or a doctor of philosophy degree (PhD). When a neuropsychologist sees a
patient, he or she will ask the patient to perform certain tasks to help the
neuropsychologist measure elements of brain function. In the setting of
sport-related concussion, neuropsychologists are used for several purposes.
Sometimes, they will administer neuropsychological tests prior to the start of
the sports season in order to obtain what is known as a baseline measurement
of brain function. These are measurements of brain function in the healthy
athlete. They can be used later if necessary to assess changes in brain function
should a concussive injury occur. In addition, neuropsychologists are called
upon to measure brain function after injury, to help determine whether an
athlete has sustained a sport-related concussion and to provide strategies to
help athletes during recovery from such injuries. For those athletes who are
unfortunate enough to have a slow recovery from their sport-related concus-
sions, the neuropsychologist will often use measurements of brain function
to help determine the athlete’s abilities. A neuropsychologist may assist with
devising an academic plan to help the athlete learn while recovering brain
function resulting from the injury.

Nurse Practitioner (NP)

A nurse who has gone on to do extra medical training. Nurse practitioners
are able to evaluate patients, order tests, make diagnoses, and prescribe treat-
ments for those diagnoses, including medications. They act, in many ways, like
physicians. But they have not undergone the same training as a doctor and do
not have an MD degree.

Physician Assistant (PA or PA-C for Physician Assistant, Certified)

Like a nurse practitioner, a physician assistant has completed medical train-
ing that allows him or her to evaluate patients, order tests, make diagnoses,
and prescribe treatments for those diagnoses, including medications. A physi-
cian assistant acts in many ways like a physician but has not undergone the
same training as a doctor and does not have an MD degree.
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Primary Care Physician

The doctors that most readers will be familiar with. These physicians have
trained in internal medicine, pediatrics, or family practice. Unlike sports medi-
cine physicians, these doctors have not completed extra medical training in
the assessment and management of sport related injuries. However, many will
take an active interest in managing athletes. Some of these physicians will be
up to date on the current medical literature regarding sport-related concussion.
Some will have all the available resources to properly treat young athletes. It is
these physicians who provide care to most athletes who sustain sport-related
concussions. If sport-related concussion is not an injury that a certain primary
care physician is confident managing, or if a particular athlete or injury is med-
ically complicated, the primary care physician may consult with other doctors
who have more specialized training in the assessment and management of
sport-related concussions or concussive brain injuries in general.

Neurosurgeon

A surgeon who specializes in performing operations on the skull, brain,
spine, and spinal cord. Although concussion is not an injury that requires sur-
gery, many neurosurgeons will be familiar with the assessment and manage-
ment of concussions. Many will manage athletes with concussion. Those who
do not will likely be familiar with other clinicians in their local area who manage
sport-related concussions.

Neurologist

A doctor who specializes in the diseases and illnesses that affect the nerves of
the body and brain. Although concussive brain injury is not typically a part of
neurology training, some neurologists will have taken an active interest in this
area and can assess and manage a sport-related concussion. Often, these highly
skilled physicians will be called upon to assist in the management of post-
concussive headaches, or headaches that occur after a concussion. At Children’s
Hospital Boston, we are fortunate to have several neurologists with an interest
in concussive brain injury.

Psychologist/Sports Psychologist

A clinician who specializes in treating emotional disturbances and behav-
ioral problems. The psychologist or sports psychologist offers therapy via
counseling and is often able to provide strategies to help athletes manage
emotional and behavioral problems. A sports psychologist is a psychologist
who has taken specialized training and has an active interest in those psycho-
logical problems that affect athletes and athletic performance. In the realm of
sport-related concussion, sports psychologists help athletes cope with their
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injuries and the limitations on their life that result from concussive brain
injury.

Psychiatrist

A physician who specializes in the assessment and management of mental
illness. In the realm of sport-related concussions, a psychiatrist may be con-
sulted to help manage the depression experienced by some athletes who suffer
a prolonged recovery after sustaining a sport-related concussion. These cases
are rare. For most athletes recovering from a sport-related concussion, psychiat-
ric medications will not be indicated.

School Nurse

Often one of the first clinicians to assess an athlete who has sustained a sport-
related concussion. Some schools are not fortunate enough to have an athletic
trainer. Other times, the athletic trainer may be unavailable, as when he or she
is on the road with a team that has an away game. Therefore, athletes injured
during a home game may be taken to the school nurse. As sport-related concus-
sions draw more and more attention both in the medical literature and in the
popular media, school nurses are being called upon more frequently to help
coordinate the assessment and management of sport-related concussions.

TERMS

Cognitive Function

Cognitive is a medical term used to describe certain functions of the brain.
Cognitive function refers to those functions of the brain that involve thinking,
concentrating, learning, and reasoning. Throughout much of the medical litera-
ture, the terms cognitive, neurocognitive, and neuropsychological are often used
interchangeably. While there are, in fact, subtle differences in their meaning,
the terms may be considered relative for the sake of this text. Often, brain
function will be used as a generic term to describe overall cognitive function.
Tasks that require cognitive effort include: reading, studying, videogame play-
ing, working online, text messaging, playing games such as chess or Scrabble,
and other similar activities.

Signs

Medical professionals often refer to the signs and symptoms of an illness or
injury. The signs of an illness or injury are those characteristics that can be
observed by people other than the patient. For example, a rash would be a sign
of illness. Swelling would be a sign of injury.
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Symptoms

The characteristics of an injury or illness that are experienced by patients
themselves. Nausea, for example, would be a symptom of an illness. Pain would
be a symptom of an injury.

Amnesia

A medical term referring to a loss of memory, often caused by a traumatic
injury to the brain.

Cervical Spine

Term used collectively for the seven smaller bones of the spine that are
located within the neck. As opposed to being one long bone, the spine, or back-
bone, consists of multiple small bones stacked on top of one another. The cervi-
cal spine, houses and protects the spinal cord, a set of nerves descending from
the brain that control much of our bodily movements and sensations. Damage
to the cervical spine can also result in damage to the spinal cord. This can lead
to devastating consequences, including death and paralysis.

Noncontact Sports

Sports in which contact with another player is neither an intentional nor an
expected part of the game. Some common noncontact sports include tennis,
cross-country running, track and field, and swimming.

Contact Sports

Sports in which contact with another player is an expected part of the game.
However, intentional blows to the body are not routinely delivered. Common
contact sports are soccer, basketball, and baseball. The meaning of this term is
often unclear. Some will refer to both basketball and ice hockey as contact sports.
However, it will be apparent to most readers that the frequency of contact,
the force of contact, and the intensity of contact that occurs during basketball is
quite different than that which occurs during ice hockey. Therefore, in this book,
we divide sports into three main categories: contact, noncontact, and collision.
(A fourth type of sport, combat, is categorized as a subset of collision).

Collision Sports

Sports in which intentional body-to-body blows are part of the game.
Common collision sports include American football, ice hockey, rugby, and
lacrosse.

6 Kids, Sports, and Concussion



Combat Sports

A subset of collision sports. Most combat sports are one-on-one contests in
which two combatants are engaged in a fight, albeit with a specific set of rules
and regulations that are followed and monitored by a referee. Common combat
sports are boxing, wrestling, karate, mixed martial arts and other similar activities.

Trauma

A wound or injury caused by a blow, collision, or force. Common examples
of traumatic injuries are fractures, gunshot wounds, lacerations, bruises, and
concussions.

Concussive Brain Injury

Another term for concussion. Concussive brain injury refers to an injury
to the brain that, as we shall see, results from a rapid spinning or rotational
acceleration of the brain.

Traumatic Brain Injury

An injury to the brain that results from trauma, as defined above. There are
other ways that the brain can be injured. For example, if one has an arterial
blood clot and blood cannot flow to the brain, the brain will sustain an injury
from this lack of blood flow. Such an injury is more commonly referred to as a
“stroke.” This type of injury, however, is not due to trauma. When we discuss
concussion, we are referring to a specific type of traumatic brain injury.

Mild Traumatic Brain Injury (mTBI)

A term often used interchangeably with concussion. However, as many
patients will attest, concussions are often far from mild. The term mild does
not describe how significant the patient’s symptoms can be or how long it can
take the patient to recover.

Furthermore, while the terms concussion and concussive brain injury describe
how the injury occurred (that it resulted, as defined above, from a rapid spin-
ning or rotational acceleration). The term mild traumatic brain injury does not
specify the way in which the injury occurred. In fact, the classification mild trau-
matic brain injury is solely determined by how the patient appears to the doctor
at the time of presentation. It is based on an evaluation of head trauma known
as the Glasgow Coma Scale, or GCS. The Glasgow Coma Scale is used by emer-
gency medicine providers to communicate the level of consciousness of a
patient who has sustained a trauma. The patient is given a number of points
based on his or her response to various stimuli. Table 1.1 shows a version of
the Glasgow Coma Scale, using common terminology.

Definitions and Team Members 7



Patients with suspected concussive injury are categorized as having mild
traumatic brain injury if, when they arrive for medical care, they have a total
score of 14–15 on the Glasgow Coma Scale. An uninjured person would typi-
cally have a score of 15.

While highly useful in the sphere of emergency response to trauma, the
Glasgow Coma Scale should not be used to assess the significance of a concus-
sion. It does not predict how long it will take an athlete to recover from a concus-
sion. Many patients who are diagnosed with mild traumatic brain injury have
diminished brain function, headaches, and other symptoms that last weeks or
even months. Alternatively, some patients diagnosed with “moderate” traumatic
brain injury will recover completely within days to weeks. Therefore, the term
mild traumatic brain injury should not be used interchangeably with concussion.
Readers should understand that athletes will recover from most concussions
rapidly, within hours or days. Other concussions, however, will result in
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Table 1.1
A Modified Version of the Glasgow Coma Scale.

Glasgow Coma Scale

Motor response The patient obeys commands 6

The patient responds to a painful stimulus by moving
toward the site of the stimulus

5

The patient moves away from the a painful stimulus 4

The patient flexes his or her joints in response to a painful
stimulus

3

The patients extends his or her joints in response to a
painful stimulus

2

The patient has no response to a painful stimulus 1

Verbal response The patient is able to respond appropriately to questions
regarding who he or she is and where he or she is

5

The patient responds to questions, but is confused 4

The patient responds to questioning using inappropriate
words. There is no conversation

3

The patient makes incomprehensible sounds, but no actual
words

2

No response to questioning 1

Eye opening The patient spontaneously opens his or her eyes 4

The patient opens his or her eyes to speech 3

The patients opens his or her eyes to painful stimulus 2

The patients does not open his or her eyes, despite painful
stimulus

1

Total possible score 15



symptoms that last months. At present, it is not possible to accurately predict
which injuries will resolve rapidly and which will result in more prolonged
recovery.
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2

What Is a Concussion?

On October 30, 1974, the world heavyweight champion, George Foreman,
fought Muhammad Ali in a bout that will forever be remembered as the “rum-
ble in the jungle.” Many readers my age or older will remember watching this
fight on television or seeing the countless replays of it over the last 36 years.
The fight was memorable for many reasons. It was only the second time in
heavyweight history that a former champion reclaimed the title. It introduced
Don King to the world as a professional boxing promoter. The fight took place
in Zaire, in central Africa, a country now known as the Democratic Republic
of Congo. It ended with controversy as some argue that Foreman was counted
out despite being on his feet by the count of nine. But perhaps the “rumble in
the jungle” is most remembered for the strategy Ali used during the fight, which
has come to be known as “rope a dope.”

Early in the fight, Ali began lying against the ropes, allowing George Fore-
man to deliver multiple blows. He mounted few attacks against the reigning
champion. He dodged many of Foreman’s thrusts. He blocked many aside. He
allowed several of the less powerful blows to land on relatively harmless areas
of the body. He tangled Foreman up, and wrestled with him. He taunted Fore-
man, challenging him to throw harder, more vicious blows. Foreman, who was
recognized as the more powerful fighter, seemed only too happy to oblige. As
the fight went on, however, the amount of energy Foreman spent in trying to
land these powerful blows, and trying to disentangle himself from Ali, took its
toll. He was visibly tired at the start of the eighth round.

In fact, the beginning if not most of the eighth round seemed little different
from the prior rounds. Ali allowed Foreman to punch away, only occasionally
offering a quick straight jab to Foreman’s face. But as the round neared its
end, with only 18 seconds remaining, Ali unleashed a flurry of blows. In the
final combination, Ali stood Foreman nearly upright with a left hook to the face.
Foreman’s left hand dropped to his side, exposing his chin to a punishing right
cross that Ali landed squarely on Foreman’s jaw. With only 12 seconds



remaining in the round, Foreman, staggered, fell, and was counted out, ending
the fight.

George Foreman had been concussed.
But why? What is it that happened to George Foreman’s brain at the time of

that right cross that rendered him stunned, off balance, incapable of continuing
the fight? What was it about that right cross that resulted in Foreman’s brain
malfunctioning? If the brain is located in the top of the head, above the eyes,
why would a punch to the jaw injure the brain at all? This chapter will provide
answers to these questions.

A concussion is a type of traumatic brain injury. When athletes sustain con-
cussions, their brains stop functioning properly as a result of trauma. Perhaps
the simplest way to think of a sport-related concussion is as a temporary dys-
function of the brain caused by trauma.

Despite popular belief, a concussion is not a bruise on the brain. There is no
detectable bruising, bleeding, or swelling of the brain. It is not cut, scratched, or
abraded. However, the brain cannot function properly when it is concussed.
Memory, concentration, reaction time, the ability to learn new information,
and the ability to solve problems are all temporarily damaged when an athlete
sustains a concussion.

Since one of the main functions of the brain is to maintain consciousness, any
athlete who loses consciousness after head trauma has sustained a concussion.
However, most concussions in sports do not involve a loss of consciousness.
In fact, less than 10 percent of all sport-related concussions involve a loss of
consciousness.

A blow dealt to the shoulder will bruise the shoulder. Most people are famil-
iar with this type of injury. Therefore, many people believe that a concussion is
a bruise on the brain sustained by a blow to the head. Medical science, however,
has shown that this is not true. Remember, the brain is protected by the thick,
hard bone of the skull. In order to bruise the brain, the skull would have to
break or bend inward and strike the brain. While this can happen, the forces
involved in sports are often too low to cause this type of skull deformity. Fur-
thermore, in the sports that result in the most concussions, the brain is often
protected by a hard helmet in addition to the skull. In fact, many concussions
are caused by a blow to the face mask, or other part of the body, as opposed
to the head. Readers who are familiar with boxing or mixed martial arts will
be well aware of this. Concussions are fairly common in these sports. For a
physician who studies concussive brain injury, a lot can be learned from observ-
ing these combat sports.

Just the other evening I was having trouble sleeping. I got out of bed, went
into the living room, and began watching some television. I came across a show
featuring the ultimate fighting championship’s (UFCs) greatest knockouts.
I started watching volume 3. I was on volume 6 by the time I returned to bed.
There were approximately five or six knockouts per episode. So I was able to
observe a good number of concussions in a relatively short period of time.
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I noticed that most of these knockouts resulted from a blow to the chin. Remem-
ber that the brain is in the top of the skull, mostly above the eyes. A blow to the
chin results in no impact on the brain whatsoever. However, it does result in a
significant movement or “spinning” of the brain at the time of impact. As we
shall soon see, it is this rapid movement of the brain that results in a concussion.

So what is it that causes a concussion?
A concussion is caused by an acceleration of the brain. After the head, face,

or other part of the body is struck, the brain is sent spinning in the opposite
direction. For example, if a basketball player is struck on the left side of the face
by the elbow of an opponent, his or her head will accelerate to the right. This
rapid movement, or acceleration, of the brain causes it to malfunction. In par-
ticular, rotational acceleration or spinning of the brain results in injury.

There are two ways to accelerate something. You can push it in a straight line,
such that it accelerates in a straight line, away from your pushing hand. This type
of acceleration is known as linear acceleration. Imagine a car at a stoplight along
a straight road.When the light turns green, the driver steps on the gas. The car goes
from a complete stop, and accelerates, in a straight line, until the driver reaches a
cruising speed at 25–30 miles per hour. This is a form of linear acceleration.

Alternatively, you can accelerate something by spinning it. “Spinning” is a
more common term for rotational acceleration. When a child takes a toy top
or dreidel, places it on a table, and spins it, the child is, in scientific terms, apply-
ing a rotational acceleration to the top. It is this rotational type of acceleration
that results in concussion. This has been demonstrated in scientific experiments
carried out over the last century.

In some sense, it has been known for over 100 years that in order to sustain a
concussion, the head has to be free to move. As often happens, this was first
realized in the world outside of medicine. This knowledge was commonly used
in slaughterhouses. In order to prepare various meats for market the animals
must first be killed. This takes place in slaughterhouses. It was thought inhu-
mane to simply walk up to the animal and kill it. Therefore, men who worked
in slaughter houses used to try and stun the animal or knock it unconscious
prior to killing it and butchering it in preparation for the market. One common
method used to stun the animal was to deliver a concussion by striking it on the
head with a bolt. Certainly, if the animal’s head was held in place, preventing it
from moving, it would be quite easy to strike it with the bolt. By holding the
head still, the butcher could maintain the head in precisely the location where
the bolt would be striking from above. However, the men working in the slaugh-
ter houses knew that if the animal’s head was held in place, and not free to
move, the animal would not be stunned. It would not be concussed. It would
not lose consciousness. However, if the animal was held in place by the should-
ers and torso, so that the head was free to move after it was struck by the bolt,
the animal would often be concussed. Once the animal was stunned from its
concussion, the business of the day could proceed.
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In the 1940s, this realization came to the medical community. Two research-
ers named Denny-Brown and Russell, were studying concussion in animals. In
order to concuss the animals, they would strike them in the head with a weight
attached to a pendulum. The weight would be dropped from various heights,
swing downward, and strike the animal in the head. From their experiments
we have learned that if the head is held in place, and not allowed to move after
it is struck, there are cuts or lacerations of the scalp, sometimes broken skull
bones, and sometimes bleeding in the brain. The brain, however, seems to func-
tion properly. The animal is upset and angry, but does not appear stunned,
dazed, disoriented, and is seldom not knocked unconscious. If, however, the
head is free to move after it has been struck, the brain stops functioning prop-
erly. The animals often lose consciousness or “get knocked out.” When they
are not knocked unconscious, they are clearly off balance and dazed. This led
physicians and scientists to believe that it was not the blow itself that causes a
concussion but rather the rapid movement of the brain after the blow.

Over time, other medical and scientific research confirmed these findings.
In order to sustain a concussion, the head must be free to move. The head
must accelerate after impact in order for a concussion to occur. This led
doctors and scientists to conclude that it is the acceleration of the brain which
leads to a concussion as opposed to the impact itself. But whether it was linear
acceleration or rotational acceleration that led to the injury remained
unknown.

Around that same time, some other observations were made. The brain con-
sists mostly of water. Perhaps as a result, many of the physical properties of the
brain are similar to those of water. For a moment, think about what would hap-
pen to a bowl of water with feathers floating on top if you were to slide it along a
slippery surface, such as a piece of ice. By sliding it, you would be, in scientific
terms, applying a linear acceleration to it. Once the bowl stopped sliding, the
feathers would bob up and down on top of the waves. But the relative positions
of the feathers to one another would remain the same. Each feather would
remain in more or less in the same place within the bowl, bobbing up and down
on top of the waves. If, however, you were to spin the bowl instead of sliding it
in a straight line, feathers would be thrown around the bowl ending up in vari-
ous locations. By spinning it, you would be, in scientific terms, applying a rota-
tional acceleration to it.

A similar thought experiment was carried out by a physicist named Holburn
in the 1940s. In order to follow up on this thought experiment, Holburn made a
gelatin model of the brain, a fake brain made of a substance similar to Jell–O.
He put this gelatin brain inside a wax model of a skull. He then spun the skull
and brain, or, in scientific terms, he applied a rotational acceleration to the skull
and brain. He then cracked open the wax skull and removed the fake brain. He
saw extensive damage to it. He described the location of the damage sustained
by his gelatin brain and published his findings in a medical journal known as
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the Lancet. This led him as well as other scientists and physicians to believe that
“spinning” a brain, caused more damage than simply accelerating it in a straight
line. However, the debate over whether rotational acceleration of the brain was
more harmful than linear acceleration continued for some time.

More than thirty years after Holburn’s experiment, the debate was taken up
again. In order to better determine the effects of linear and rotational acceleration
on the brain, two scientists, named Ommaya and Gennarelli, took the experi-
ments one step further. They produced concussion without ever striking the
brain. They separated 24 monkeys into two groups. Each monkey had a helmet
snugly affixed to its head. For 12 of the monkeys, they used a mechanical device,
to move the helmet rapidly forward, in a straight line, one inch. All of the
monkeys who underwent this linear acceleration of one inch appeared fine
afterward. They did not appear confused, off balance, or dazed. They did not
lose consciousness.

The remaining 12 monkeys were placed in helmets as well. But this time, the
helmets were spun or rotated over an arc of one inch, using the exact same
amount of force. This rapid rotational acceleration resulted in all 12 monkeys
being immediately knocked unconscious. Note, there was no blow to the brain;
the animals were not struck in any way. Thus, this experiment confirmed that it
was not simply the rapid movement or acceleration of the brain that produced
the concussion but rather the spinning or “rotational acceleration” which
resulted in concussive brain injury.

More recently, video analysis of concussions and studies performed on play-
ers from the National Football League revealed that most concussive injuries are
caused when a player is struck on the side of the helmet or face mask. In fact,
the face mask often acts as fulcrum, with face mask blows causing a more rapid
acceleration of the brain than blows to the shell of the helmet. Such a blow
results in a rotational acceleration of the brain, or spinning of the brain, in the
opposite direction from the blow.

In many ways, a blow to the facemask and a blow to the chin result in a sim-
ilar action on the brain. Let us consider for a moment a boxer striking one of his
opponents. If a powerful blow is landed in the middle of the head, say just
above the left ear, it may cause a lateral bending of the neck. The neck may
be stretched, such that the boxer’s head bends down toward the right, with
the right ear moving down toward the right shoulder. If, however, the boxer
throwing the punch manages to land his blow on the chin, side of the face, or
side of his opponent’s forehead, the head of the boxer struck will spin
very rapidly toward the right. Thus, the athlete struck more toward the front of
the head is more likely to sustain a concussion than the athlete struck in the
middle of the head. Those of you seeking confirmation for this need merely
watch ultimate fighting championships greatest knockouts, YouTube videos of
fights that result in knockouts, or ESPN’s classic bouts in which one of the
boxers is knocked out.
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The facemask extends even farther from the center of the head toward the
front of the athlete. As with a boxer, if a football player is struck in the center
of his helmet, say just above the left ear hole, again the head will bend down
toward the opposite shoulder. Its acceleration will be restrained somewhat by
the neck musculature, which will resist bending in that direction. If, however,
the football player is struck on the front of his face mask, the head will spin very
rapidly in the opposite direction. Therefore, a blow dealt to the front of the hel-
met or facemask is more likely to result in a concussion than a blow dealt to the
center of the helmet.

It should be pointed out that, while rotational acceleration or spinning of the
brain leads to a concussion, the spinning may occur in multiple different direc-
tions. For example, imagine a boxer who is struck by an uppercut. If the upper-
cut lands directly on the under surface of his chin, his head will spin upward,
such that his face accelerates from its starting position, facing his opponent,
upward, so that ultimately he is facing the ceiling. Thus, his head accelerates
or spins in an upward direction. If, however, that same boxer is struck by a right
cross that lands on his left cheek, his head would spin over his right shoulder. As
opposed to spinning upward, his head would be spinning toward the right. In
either case, he could sustain a concussion. So long as the brain is spinning—
accelerating in a rotational fashion—a concussion can occur.

In life, most blows to the head result in rotational accelerations in several
directions. It is rare for an uppercut to land directly in the center of the chin,
accelerating the brain perfectly upward. More often the blow is landed on the
side of the chin, which accelerates the brain upward but also off to the side. Sim-
ilarly, in most real-life situations, there is both a linear and a rotational acceler-
ation present. However, as noted, it is the rotational component of the
acceleration that causes the concussion.

So, now we know that concussion is caused by a rotational accelera-
tion, or “spinning,” of the brain. But what happens to the brain, when it
is spun, that prevents it from working properly?

To understand that, we must understand a little bit about how the brain
works. But first, it will help us to consider a common, everyday, phenomenon
that is analogous to the workings of the brain cells. Many readers will be famil-
iar with what happens to a rope when one end is raised, and then rapidly low-
ered. An upside down U shape appears in the rope, and travels down its
length, until it reaches the end. In this way, an “impulse” can be transmitted
from one end of a rope, to the other end (Figure 2.1).

In some sense, the cells of the brain work similarly.
The brain consists of a collection of special cells, called nerve cells or “neu-

rons.” These nerve cells control all of our movements, thoughts, and bodily
functions such as breathing. Each nerve cell consists of a cell body and an
axon. The axon is a long, narrow part of the nerve cell used to transmit mes-
sages to other parts of the brain and other parts of the body. Nerve cells work,
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in part, by the movement of small molecules, called electrolytes. Most athletes
will be familiar with the electrolytes sodium and potassium, which are com-
monly lost through sweat and replaced by sports drinks such as Gatorade.
Movement of these electrolytes along the nerve cells is essential for normal
brain function.

Usually sodium and potassium are on opposite sides of the outer lining of
the cell called the cell membrane (Figure 2.2). Specifically, sodium is on the
outside; potassium is on the inside. In a normal functioning neuron, the cell
can conduct messages down its axon by movement of these electrons across
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Impulse Movement Along the Length of a Rope.
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Figure 2.2
A Neuron Conducting a Message.
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its membrane. When stimulated, a nerve cell will allow sodium to move into
the cell from the outside (Figure 2.2). When this occurs at the start of the axon,
it stimulates the adjacent area to do the same: allow sodium in. Very rapidly,
however the sodium is pumped back to the outside of the cell. As sodium is
moving into the cell at one part of the axon, it is being returned to the outside
of the cell in the previous part of the axon. This occurs all the way down the
length of the axon. Thus, this “impulse” is transmitted rapidly down the length
of the axon, much like the impulse started on the rope discussed above is trans-
ported all the way down the length of the rope. When the person holding the
rope raises and lowers it rapidly, he or she creates an impulse that transmits
down the length of the rope. As one portion of the rope rises from its resting
position, the other part of the rope returns to where it was previously.
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Although, I am sure it seems complicated when reading about it in a paragraph,
a picture is often worth a thousand words. Figures 2.1 and 2.2 should go a
long way in helping to understand this concept.

When this exchange of ions across the membrane, or “impulse,” reaches the
end of the neuron, a chemical is secreted, sending a message to the next neuron.

That is how the brain normally functions. But, when an athlete sustains a
concussion, the locations of sodium and potassium are disrupted. Large
amounts of sodium move into the cell, while potassium moves out of the cell.
Because such large amounts move across the membrane, it takes a long time
to restore them to the proper positions. The nerve cell cannot operate normally
until the sodium and potassium ions are put back in their normal place. During
this time, the brain is concussed. It cannot function properly. In order to restore
sodium and potassium to their normal positions along the cell membrane, the
brain needs energy. Normally, energy is delivered to the brain through
the bloodstream. Ironically, some experiments show that there is decreased
blood flow to the brain after it has sustained a concussion. Thus, the brain
receives less energy, at a time when it needs more energy. It is believed that this
mismatch, between the need for more energy and the delivery of less energy,
results in some of a patient’s post-concussion symptoms.

Knowing a little bit about how the brain works is helpful. But how can
you tell if an athlete has sustained a concussion?

Concussion can be detected by various signs and symptoms. Symptoms are
the feelings or problems experienced by an athlete who has sustained a concus-
sion. Common symptoms of concussion are headaches, nausea, difficulty bal-
ancing, difficulty concentrating, and amnesia (the inability to remember things
that occurred around the time of injury). Some of the most common symptoms
of concussion are listed in Table 2.1.

In addition to the symptoms experienced by the athlete, signs of concussion
may be noticed by coaches, parents, and teammates. Signs are observations made
by others, about an athlete who has sustained a concussion. Common signs seen
in athletes who have sustained a concussion are poor balance or coordination,
running the wrong play, vomiting, appearing glassy-eyed, seeming confused,
or asking the same question over and over again despite being given the answer
previously. Some of the common signs of concussion are listed in Table 2.2.

In order to help athletic trainers, doctors, and other medical personnel assess
these signs and symptoms, standard lists have been developed. An athlete who
has sustained an injury can rank these symptoms on what is known as a “symp-
tom scale,” or “symptom inventory.” Symptom scales are often used to monitor
an athlete’s recovery. The Sports Concussion Assessment Tool version 2
(SCAT 2) contains a common symptom scale used by the International Olympic
Committee, the Fédération Internationale de Football Association (FIFA),
International Rugby Board, and International Ice Hockey Federation. The
SCAT 2 is included in the appendix, at the end of this book.
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People often wonder whether there are tests that can be performed to deter-
mine for sure whether or not an athlete has a concussion. While there are no
perfect tests for concussion, there are some that can help determine whether
or not an athlete has sustained a concussion. Some of these tests are used to
assess whether or not there is another reason that might explain the athlete’s
symptoms. These tests should be normal if the athlete’s symptoms are due to
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Table 2.1
Common Symptoms of a Sport-Related Concussion.

Symptoms of Concussion

• Headache

• Dizziness

• Difficulty concentrating

• Nausea or vomiting

• Difficulty balancing

• Vision changes

• Sensitivity to light

• Sensitivity to noise

• Feeling “out of it”

• Ringing in the ears

• Drowsiness

• Sadness

Table 2.2
Common Signs of a Sport-Related Concussion.

Symptoms of Concussion

• Loss of consciousness

• Amnesia, or forgetfulness

• Walking off-balance

• Acting disoriented

• Appearing dazed

• Acting confused

• Forgetting game rules or play assignments

• Inability to recall score or opponent

• Inappropriate emotionality

• Poor physical coordination

• Slow verbal responses

• Personality changes



a concussion. Other tests are used to determine the degree to which an athlete’s
brain has been concussed. These tests will often be abnormal after an athlete
sustains a concussion.

Many readers will be familiar with pictures of the brain or medical images
such as computed tomogram (CT) scans or magnetic resonance images (MRIs).
CT scans and MRIs are similar to X-rays. They are types of pictures used by doc-
tors to help determine whether or not a body part, such as the brain, has sus-
tained a structural injury. These pictures can often tell whether or not a body
part has been bruised, broken, lacerated, swollen, or sustained other traumatic
injury. Unlike an X-ray, these pictures allow doctors to see soft tissues, such as
the brain, in addition to bone.

As there is no bruising, bleeding, or swelling of the brain when an athlete
sustains a concussion, CT scans and MRIs of the brain will be normal.
A doctor cannot “see” a concussion by looking at these images. Often, these
types of images will be ordered by the doctor in order to make sure there is
not another injury, in addition to the concussion, which explains some of the
athlete’s symptoms. They are very useful in making sure the athlete does not
have bleeding in the brain, swelling of the brain, or a skull fracture. Many times,
however, these types of images will not be necessary.

Similarly, there is no blood test or other type of medical test that can defini-
tively diagnose a concussion. Several possible blood tests have been studied
by medical researchers. However, as of the time of this writing, none has proved
effective in definitively diagnosing a concussive brain injury. Currently, at Child-
ren’s Hospital Boston, there is medical research being conducted in order to
identify tests from the blood, tests from the urine, tests of the cerebral spinal
fluid, and other types of pictures or images which may help doctors definitively
diagnose concussive brain injury. Until such tests have been discovered, doctors
must rely, in part, on athletes reporting their symptoms to us. As many athletes
do not understand concussion, or even recognize a concussion when it occurs,
they often do not report their symptoms. Furthermore, many who do recognize
that their symptoms are due to a concussion are so anxious to get back to play
that they pretend to feel better in order to get cleared for participation. Thus,
it can often be difficult to determine whether or not an athlete has sustained
a concussion. It can be even more challenging to determine when exactly an
athlete has recovered from a concussion.

Fortunately, there are some tests which can be helpful in determining
whether or not athlete has sustained a concussion as well as when an athlete
has recovered from a concussion. There are standard ways of measuring ath-
letes balance. The neurological physical examination may reveal certain find-
ings which are inconsistent with concussion and may cause doctors to look for
other potential causes of an athlete’s signs or symptoms. Brain function can be
measured. Neuropsychological or neurocognitive tests measure brain function.
Each of these tests can be used to assist clinicians in diagnosing a concussion.
They will be discussed in detail in later chapters.
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It is understandably frustrating for doctors, parents, coaches, and athletes
that no medical test can definitively diagnose a concussion. Many of the symp-
toms of concussion can also be caused by other medical conditions. For exam-
ple, headaches, dizziness, trouble balancing, and drowsiness can all be seen in
dehydration. Headaches, nausea, sensitivity to light and sensitivity to noise
can be seen in patients with migraine headaches or athletes with a hangover, a
not uncommon entity in college athletes. Patients who suffer from clinical
depression often feel sad, with decreased energy. Doctors must therefore under-
stand the circumstances that resulted in the athlete’s symptoms, how the symp-
toms have changed since they started, and other medical problems the athlete
has. All of these factors will help clinicians determine whether or not a given
athlete has sustained a sport-related concussion.

Almost all assessments in medicine start with what is known as the history.
The history refers to the patient’s or athlete’s description of how the injury
occurred, how his or her symptoms started, and how the symptoms have
changed since they started. After listening to patients describe their injuries
and the symptoms that are bothering them, doctors often ask a series of ques-
tions to get more information. Some common questions asked by doctors to
help them obtain further history are:

• When did the symptoms first start?
• Have they changed since you first noticed them?
• Are there certain things which make your symptoms worse?
• Are there certain things which make your symptoms better?
• Have you ever experienced symptoms like this before?
• Have your symptoms become worse since they first started?
• Have they become better since they first started?

By answering these questions as accurately as possible, athletes help their
doctors determine whether or not it is likely they have sustained a concussion.
Sometimes at the end of this question and answer session it is clear that the ath-
lete has sustained a concussion. For example, let us suppose an athlete says to
his doctor:

I was playing ice hockey a week ago. I felt great at the start of the game. I was in
the best shape of my life. My team was playing for the number one spot in the divi-
sion. I was behind my opponent’s goal when I briefly lost control of the puck. As I
was looking down at the ice, trying to regain control of the puck, I was struck by
one of the opposing defensemen. I didn’t see the blow coming. He lifted me off
my skates. The back of my head struck the boards as I fell. My head bounced off
the ice. The next thing I remember I was being helped off the ice by one of my
teammates and the athletic trainer. They told me I had been knocked unconscious
for a few seconds. I had a killer headache and felt a little woozy. After a few
minutes I started throwing up. The athletic trainer was concerned. He put a brace
on my neck and had the ambulance take me to the emergency department.
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The doctor there ordered a CTof my brain which he told me was normal. He said I
had a concussion and should stay out of hockey. And he told me to follow up here
with you. Since then I’ve been feeling a lot better. I still get headaches almost every
day but they are not half as bad as they were first few days after I got hurt. I still have
a little bit of trouble sleeping. My girlfriend says I still seem a little bit out of it from
time to time. But I feel a whole lot better than I did the first few days after injury.

In this example it is very clear that the athlete has sustained a sport-related
concussion. He was feeling great at the start of the game, without any symptoms
at all. He sustained a rapid blow to the body, followed by two blows to the head.
He developed the immediate onset of headaches, nausea, confusion and other
symptoms which have gradually been improving, but have not yet completely
gone away. He has had a CTof his brain which was normal, letting the doctor
know that there was no bleeding in the brain, bruising of the brain, swelling of
the brain, or other injuries which are causing his symptoms.

Sometimes, as in the example above, it is easy to know whether or not an
athlete sustained a concussion. However, at times, it can be more difficult. For
example, suppose the athlete instead said to his doctor:

I had been sick for a few days before the game. A lot of the guys on the team felt
sick. Some had vomiting. Others had diarrhea. Some had both. Still I felt good
enough to play. As the game went on, I started to get a headache. I noticed I felt
a little nauseous. At one point I skated over to the bench and told the athletic
trainer I wasn’t feeling well. He had me sit down and gave me some Gatorade.
I threw up a couple of times and he became concerned. He thought maybe I had
suffered a concussion. I don’t remember taking any big hits or any hits to the head.
But he said I got banged around a few times. Anyway, he wanted me to come see
you to get checked out. I’ve been feeling better over the last few days but I still
don’t feel 100 percent back to normal. I feel a little out of it, at times. I think I just
caught a stomach bug.

In this situation it is much more challenging to tell whether or not the athlete
has sustained a sport-related concussion. Certainly, a concussion can cause an
athlete to have headaches, feel nauseous, vomit, and feel “out of it.” It could
be that this athlete sustained a sport-related concussion and that this concussion
is the cause of his symptoms. But the symptoms could also be due to a stomach
virus. Indeed, many of the other players on this athlete’s team have recently
been suffering from what seems like a stomach virus. The athlete himself felt
ill, even before the game started. It could be he came down with the same ill-
ness. Further complicating the picture, he may have come down with the same
viral illness that his teammates had AND sustained a sport-related concussion.
He may be suffering from both. In this case, it is much harder to tell whether
or not the athlete has sustained a sport-related concussion. His doctor may per-
form further tests and assessments to help determine whether or not this athlete
has been concussed.
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Once it has been determined that an athlete has sustained a sport-related
concussion, the athlete, the coaches, and the parents often ask what “grade”
concussion the athlete has suffered. Similarly, when I hear news reports about
professional athletes who sustain concussions, the reporter often refers to the
grade of the concussion. Statements such as, “the cougars will be at a distinct
disadvantage this weekend as their star quarterback is out injured after having
suffered a grade 2 concussion,” are common. However, those of us practicing
sports medicine no longer grade concussions. The terminology is mostly still
used due to historical reasons.

Historically, concussions were graded. A grade 1 concussion was thought to
be milder than a grade 2. Grade 3 concussions were thought to be more signifi-
cant than either grade 1 or grade 2. Several factors were used to determine the
grade of a concussion. Athletes who lost consciousness at the time of their con-
cussion received a higher grade than those that did not. Athletes who were
knocked unconscious for longer periods of time received higher grades than
those who were unconscious for shorter amounts of time. Athletes who suffered
amnesia as part of their concussions were given a higher grade than those who
did not; the longer the period of time for which the athlete had a loss of
memory, the higher the grade of concussion. These grades were used to deter-
mine how long an athlete should be removed from sports after sustaining a
sport-related concussion. This was a very convenient system for doctors and
other clinicians managing sport-related concussions. Clinicians could simply
look up the grade of an athlete’s concussion, ask how many concussions the
athlete had sustained previously, and use standard guidelines that specified
how long the athlete should remain out of play before being returning to his
or her sport. It turned out, however, that this approach was not the best for
athletes. Some were held out of play, unnecessarily, even after full recovery.
Others were put back to play too soon, prior to full recovery.

Grading systems were abandoned in the consensus and agreement statement
from the first international conference on concussion in sports which was pub-
lished in 1999. Those clinicians involved in the assessment and management
of sport-related concussions had noticed that athletes who were knocked
unconscious for brief periods of time often recovered more quickly than those
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who did not lose consciousness. Therefore, it seemed inaccurate to diagnose
those who did not lose consciousness with a lower grade of concussion. Further-
more, grades were used to determine the period of time that an athlete was
removed from sports. It did not make sense to keep those who recovered more
quickly out of sports for longer periods of time than those who recovered more
slowly. For this and for several other reasons, the use of grading systems was
abandoned. Nowadays, when making decisions to return an athlete back to play
after he or she has recovered from a sport-related concussion, doctors consider
each case individually. Rather than simply looking up a standard guideline in a
book, doctors take the whole clinical picture into consideration. Factors which
may help determine the amount of time an athlete is asked to remain symptom
free before returning to contact include:

• the length of time over which the athlete had symptoms from the concussion
• the length of time it took for the athlete to recover his or her brain function after
the concussion

• the length of time it took the athlete to recover his or her balance after the
concussion

• the amount of brain dysfunction associated with the athlete’s concussion
• the intensity of symptoms suffered by the athlete after the concussion
• the number of concussions the athlete has sustained over his or her lifetime
• the amount of time that elapsed in between the athlete’s concussions
• the amount of force that was required to produce concussive brain injury in the
athlete

• whether or not the amount of force required to produce a concussion in the ath-
lete has changed over time

All of these factors help determine the degree of injury sustained by the ath-
lete. They help make decisions about how much recovery time is required for
an individual athlete after a sport-related concussion. They factor into decisions
about when to return an athlete to contact or collision sports. They also factor
into decisions about whether or not an athlete should ever be returned to con-
tact or collision sports.

In summary, a concussion is a traumatic injury of the brain. It results from
a rapid, rotational acceleration or spinning of the brain. It is a functional
injury to the brain, meaning that the brain is not able to work properly when
it is concussed. However, a concussion does not result in significant bleeding,
bruising, swelling, or other structural injuries to the brain. The brain cannot
work properly after a concussion because the electrolytes that help the brain
operate under normal circumstances have been disturbed. The severity of
a concussion cannot be determined at the time of injury, but rather, is
determined by assessing the factors which led to the injury in the first place,
and monitoring the length of time required for the athlete to completely
recover.
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Sport-Related Concussion:

How Common Is It?

On October 27, 2007, the Philadelphia Flyers were playing the Boston Bruins.
The score was 0 to 0 with 3:53 remaining in the first period. The puck was sent
from just over the center line to behind the Flyers net. Boston Bruin Patrice
Bergeron and Philadelphia Flyer Randy Jones skated after it. Bergeron arrived
there first, sending the puck to his right, around the back of the net. Jones
finished his body check on Bergeron, striking him from behind. Bergeron’s face
was thrown up against the edge of the dasher board. Jones’ momentum carried
him into Bergeron, compressing the Bruin’s head into the boards further.
Bergeron fell to the ice. He was motionless. He was unconscious.

Patrice Bergeron was concussed.
This case drew a great deal of media attention, particularly in the Boston

area. It illustrated several poorly understood points about sport-related concus-
sion. First of all, Patrice Bergeron missed the majority of the remaining hockey
season due to his concussion. For many sports fans at the time, a concussion
was thought to be a minor injury that might cause an athlete to miss, at most,
one week of play. Furthermore, this concussion occurred during ice hockey.
Certainly American football receives a larger share of the medical and sports
media attention regarding sport-related concussions. Given the large number
of athletes playing American football, more football players sustain sport-
related concussions in any given year than the athletes of other team sports.
However, as we shall see, several studies suggest that the proportion of ice
hockey players sustaining a concussion over a given season is higher than that
of the American football players.

This chapter will discuss many of the sports during which concussions occur.
The relative frequency of concussion in each will be described. When known,
various activities of the sport that increase the risk of concussion will be



reviewed. Comparisons between male and female athletes playing the same
sport will also be considered.

Sport-related concussion is a common injury. Exactly how common depends
on the sport being played, the level of competition, the age of the athletes, etc.
Furthermore, estimations are complicated by underreporting of the injury.
Since a concussion cannot be “seen,” athletes are able to conceal it from athletic
trainers, team physicians, coaches, and parents. And many of them do. A 2004
study of high school American football players revealed that less than half of
those sustaining a concussion reported it to anyone. Several reasons are given
for this lack of reporting. Many younger athletes do not realize they have sus-
tained a concussion. Fewer realize that a concussion is a traumatic brain injury.
They believe they have merely “had their bell rung” or been “dinged.” Even
athletes who are knocked unconscious at the time of their injury often do not
realize that they have sustained a concussion. In one medical study, high school
athletes were allowed to write freely at the end of their questionnaires. One ath-
lete recalled being sent to the athletic director after being knocked unconscious
in order to see if he had a concussion. His interpretation after the meeting was
that he did not have a concussion, despite the fact that he was knocked uncon-
scious. He was free to return to sports. As athletes become older and more com-
petitive, their reasons for underreporting change. Many become afraid that
reporting the injury jeopardizes their chance to keep their position on the team.
Many are afraid that if they report their concussion, it will jeopardize their
chance to play at a higher level. Some are seeking a chance to play in college.
College athletes may be trying to go professional. Either way, this underreport-
ing makes accurate estimations of injury difficult.

Furthermore, how commonly an injury occurs can be measured in a variety
of ways. It can be measured as the number of players who sustain a concussion
during a season. However, this fails to account for athletes who receive minimal
or no play time. Furthermore, the rates of concussion are higher during compe-
tition than they are during practice. Sports like American football have rela-
tively few games per season when compared to basketball or ice hockey.
Measuring the numbers of concussions occurring per season does not take into
account the number of competitions per season. In addition, some athletes will
sustain multiple concussions during a single season. Measuring only the per-
centage of athletes who sustain a concussion during a season does not take into
account those who sustain multiple concussions. In order to address these inac-
curacies, some investigators have measured the number of concussions occur-
ring for every “athletic exposure,” where each practice and each competition
count as one “athletic exposure.” Others measure how many athletes will sus-
tain a concussion out of every 100,000 playing a given sport. Still others mea-
sure the percentage of total injuries during a season accounted for by
concussions.

Studies have consistently demonstrated that, with the exception of cheer-
leading, concussions are more likely to occur during competition than during
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practice. This makes sense, as competitions are usually more intense and played
more ferociously than practices. Taken all together, it is estimated that as many
as 3.8 million sport-related traumatic brain injuries occur each year. The vast
majority of these injuries are concussions.

Concussions account for 9 percent of all organized athletic injuries in U.S.
high schools. In pediatric patients, 30 to 50 percent of all concussions seen in
U.S. emergency departments occur during sports. In United States colleges, con-
cussions represent 6 percent of all organized athletic injuries. Approximately
20 percent of concussions that involve a loss of consciousness occur during
sports and recreation.

AMERICAN FOOTBALL

American football is a fast-moving, hard-hitting, exciting game, watched by
millions of Americans each week. Given its popularity, it is one of the most fre-
quently played sports by younger athletes. The recent retirement of some
high-level professionals after sustaining multiple concussions has resulted in a
lot of media attention about the rate of sport-related concussions in American
football.

Approximately 1.8 million total athletes participate in American football
annually, including, 1.5 million high school athletes. It is not surprising, given
the large numbers of athletes participating in it, that American football
accounts for the majority of the concussions that occur during team sports in
the United States. In fact, some studies suggest that more than half of all
sport-related concussions occurring in organized high school sports occur
during football. Other studies suggest that 4 to 5 percent of high school and
college football players will sustain a concussion during any season. However,
many of these studies considered only those injuries diagnosed by the team’s
athletic trainer. As mentioned above, many athletes do not report their con-
cussions. Interestingly, studies in which players have been asked directly and
confidentially to report their symptoms after sustaining a blow to the head
have revealed much higher rates of concussion, ranging from 15 to 45 percent
of players per season.

Given the high rates of concussion in American football, in addition to the
large number of athletes participating in it, efforts are being made to try to reduce
the number of sport-related concussions that occur in American football. These
efforts consist of rule changes, technical modifications to football helmets,
changes in strength and conditioning, rule changes, and stricter, more consistent
rule enforcement. These efforts have been inspired by former football players,
or the loved ones of former football players, who have suffered the effects
of multiple concussions. Many readers may know the story of Christopher
Nowinski, a former college football player from Harvard University and
former professional wrestler who was forced to retire after sustaining multiple
concussions that led to long-term problems. He is the author of the bookMind
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Games: The NFL’s Concussion Crisis. I highly recommend this book to any
athletes participating in high-risk collision sports such as American football.

ICE HOCKEY

Several studies suggest that ice hockey carries a higher risk of concussion
than American football. Although this surprises many people, studies which
directly compare the two sports show that concussions are more common in
ice hockey than in American football. The percentage of ice hockey players
who sustain a concussion in a given season is higher than the percentage of
American football players who sustain a concussion in a given season. A medi-
cal review of concussion in contact and collision sports that included American
football, ice hockey, rugby, and soccer revealed that, for high school male ath-
letes, ice hockey had the highest rates of concussion.

BASEBALL AND SOFTBALL

Approximately 720,000 high school athletes compete in baseball and soft-
ball per year. Concussion accounts for 3 to 6 percent of all injuries occurring
during baseball and softball. However, the way in which baseball players sustain
concussions differs from that of softball players. In baseball, concussions most
often occur when the player is struck in the head with the ball. Usually, the
player is struck in the head with a pitch. In softball, however, while about half
of concussions occur when the player is struck in the head with the ball, the
remaining half are due to player-to-player collisions, collisions between a player
and the outfield wall, or when the player’s head strikes the ground after a fall.

BASKETBALL

Basketball is one of several sports that are popular with both boys and girls,
men and women. As such, it gives us a unique insight into the effects gender
might have on the rates of concussion. In girls’ basketball, concussion accounts
for 5 to 8 percent of all injuries, while in boys’ basketball it accounts for about
4 percent of all injuries. Some studies have suggested that high school girls
who play basketball have a higher risk of concussion than high school boys
who play basketball.

SOCCER

Soccer is also popular among male and female athletes. Again, this dual pop-
ularity allows us to compare the rates of concussions between boys and girls
who play soccer. Much like basketball, studies which compare the number of
concussions that occur in girls’ soccer to the number of concussions that occur
in boys’ soccer suggest that girls may be at higher risk.
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Overall, head injuries account for somewhere between 4 and 20 percent of all
injuries in soccer. The goalkeeper seems to be at an increased risk of concussion
when compared to other players. However, as noted above, athletes are often
reluctant to report their concussion, which makes estimations of the rates of
concussion difficult.

Some authors have suggested that the rates of concussion in soccer are sim-
ilar to those in American football. However, this seems unlikely. These results
are often cited by those who are comparing one medical study conducted in
soccer players to a separate medical study conducted in football players. How-
ever, such comparisons are ill advised. Medical studies that use the same meth-
ods and same populations to compare the number of concussions occurring in
soccer, American football, and several other sports reveal that concussion is a
much more common occurrence in American football than it is in soccer.

When discussing sport-related concussion, soccer deserves some extra atten-
tion. The sport of soccer is unique in that players use their heads to advance the
ball, pass to their teammates, and shoot on goal. This has led to speculation that
concussion in soccer occurs from purposeful heading of the ball. Some studies
have revealed poorer brain function in former soccer players than the general
population. In particular, soccer players who report that they used to head the
ball more often than their teammates had poorer brain function later in life than
those former players who reported they purposefully headed the ball less often.
Such studies have further fueled the speculation that purposeful heading of the
ball causes concussions.

However, several other studies refute such a conclusion. In one such study,
soccer players had their brain function measured before and after a soccer prac-
tice, which included 20 minutes of a dedicated heading exercise. No changes in
brain function were noted. Since concussion often results in a decrease in brain
function, the authors conclude purposeful heading does not cause concussions.
Other studies have documented all of the concussions that were sustained over
the course of a soccer tournament. Investigators reviewed how the concussions
occurred by watching videotapes of the games. In such studies, no concussions
occurred as a result of purposeful heading of the ball. Thus, many people feel
concussions do not occur as a result of purposeful heading.

Since opening the Sports Concussion Clinic in the Division of Sports Medi-
cine at Children’s Hospital Boston in November 2008, we have cared for nearly
a thousand patients with concussions. Only a few have reported sustaining their
concussions from purposeful heading of the ball. All of them were children.

Therefore, I believe that purposeful heading of the ball is unlikely to cause a
sport-related concussion. If an adult or teenage athlete sees the ball coming, sets
up, and appropriately heads the ball with proper technique, concussion is
unlikely. However, I believe for children, it is possible to sustain a concussion
from purposefully heading the ball. One can imagine a young child, perhaps
new to soccer, who is still developing physical coordination, standing under a
ball that was punted up high by the goal keeper, and delivering a poorly timed,
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uncoordinated blow. The ball may have more of an effect on the acceleration of
the child’s head than the child’s head has on the acceleration of the ball. In this
situation, I believe concussion is possible. The risk of this scenario is likely
increased if children are sent out to play with adult-size soccer balls, as opposed
to smaller balls more suitable for their size.

Some have suggested that perhaps children should not be allowed to head
the ball until they reach a certain age and have become stronger and better
coordinated. I believe, however, this would be a mistake. As children become
stronger and better coordinated, they are able to kick the ball at a much greater
velocity. It seems unwise to have their first time trying to head a ball occur at an
age when the ball can be kicked with significant speed and force. Instead, using
smaller, softer balls that weigh less while children are younger allows them to
develop the skills necessary for proper heading of the ball. This seems like a
safer approach. They can learn proper technique, develop strength, and master
the timing and coordination necessary for proper heading of the ball when
young, before they begin to play with an adult-size ball that can be kicked with
significant force.

LACROSSE

First played by the Native Americans, lacrosse is a sport growing in popular-
ity in the United States. For the reader unfamiliar with it, lacrosse has rules
similar to ice hockey, but it is played on grass or turf. Players carry a stick
with a net on the end of it. The net is used to carry the lacrosse ball. In order
to score, the ball has to be thrown into the opponent’s net, past the goalkeeper.
Boys’ and men’s lacrosse are collision sports, where players are allowed to
collide body to body, and defending players are allowed to use their sticks to
strike at the offending player who is carrying the ball, in order to free it from
his possession. According to the rules of women’s lacrosse, such contact is not
allowed.

Although fewer people play lacrosse than many other sports, concussion
rates in lacrosse are fairly high. As in most collision sports, concussions in
lacrosse most often occur during body-to-body collisions with an opponent.
But they also occur from collisions with the ground, and from being struck in
the head with the ball.

RUGBY

As with many collision sports, concussion is common in rugby, accounting
for about 16 percent of all injuries. It usually occurs secondary to body-to-
body contact with another player. In one study, concussions accounted for
40 percent of all injuries that occurred during illegal or foul play. Unlike soccer
and basketball, the risk of concussion in women’s rugby is similar to that
in men’s.
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SKIING AND SNOWBOARDING

Downhill skiing and snowboarding are popular sports in which amateur par-
ticipants travel at surprisingly high rates of speed, surrounded by snow, ice,
trees, large metallic chair-lift poles, and fellow snow sport enthusiasts. Head
injuries account for up to 20 percent of all injuries in these sports. Recently,
some high-profile celebrities have sustained tragic head injuries, drawing much
needed attention to the risks of these sports. When I was growing up in New
England, the use of helmets while skiing was almost unheard of. Now, it is
the norm.

In fact, I went skiing with a bunch of work colleagues several years ago.
When we arrived at the ski slope we took all of our equipment from the car
and headed for the bottom of the chair lifts. Once I had my skis attached and
my poles ready, I looked up and saw that I was the only one, in a group of five
or six skiers, who was not wearing a helmet. In addition to calling me crazy, they
laughed and joked about how it was ironic that the physician among us whose
career was dedicated to caring for athletes who sustain head injuries in sports
was the only one without a helmet. Until that point, it had never occurred
to me to wear a helmet while skiing. Now, I wouldn’t go downhill skiing
without one.

As men and women both participate in these downhill sports, comparisons
can be made between the genders. Male skiers are nearly twice as likely to sus-
tain a head injury than women skiers. Furthermore, concussions sustained by
female skiers are more often due to collisions with another person, while those
sustained by male skiers are more often a result of collisions with an object.

COMBAT SPORTS

Wrestling is a combat sport that does not allow for deliberate blows to the
head by the opponent. Rather, combatants try to control one another by placing
their opponents in various holds. Concussion accounts for 4 to 5 percent of
all injuries in wrestling. Nearly half of the concussions in wrestling are due to
takedowns.

Unlike wrestling, combat sports such as boxing, allow for purposeful blows to
the head. Boxing is unique in that one of the main purposes of the competition
is to concuss your opponent. If you deliver a blow to your opponent that knocks
him unconscious for 10 seconds or longer, you win the bout. If you do not
knock your opponent unconscious, but are able to concuss him such that he is
dazed, confused, off balance, or has a slower reaction time, your task of deliver-
ing further blows becomes easier. It is this nature of boxing that has made it so
controversial, especially when it comes to children participating. Without enter-
ing into the controversy, I will simply say that concussion is a common occur-
rence in boxing. Perhaps more concerning, the possible effects of multiple
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blows to the head that do not result in concussion have been raised recently.
This will be discussed further in chapter 11.

Perhaps even more controversial than boxing is mixed martial arts, the pop-
ularity of whose competitions have risen dramatically over the last 20 years.
Similar to boxing, mixed martial arts allows for blows to the head of one’s oppo-
nent. Once again, the bout can be won by knocking the opponent unconscious,
and significant advantage can be gained by concussing one’s opponent, even if
he is not knocked unconscious. Studies suggest that a concussion occurs in
one out of every 10 mixed martial arts matches.

CHEERLEADING

Cheerleading has changed dramatically over the last 40 years. When I was a
kid, cheerleaders literally led the cheers of the crowd. They organized and
inspired the crowd. Occasionally, they might tumble, or do some handsprings.
Nowadays, however, major cheerleading squads are more like a combination
of gymnasts and acrobats. They perform stunts, often as high as 30 feet in the
air, without the added precaution of pads or netting. They are thrown up in
the air by other cheerleaders, and come crashing down into their colleagues’
arms. Thus, it is not surprising that the rates of concussions occurring in cheer-
leaders have risen dramatically. Cheerleading has the unique distinction of
being one of the only sports in which concussion is more common during prac-
tice than competition. As might be expected, more than 90 percent of concus-
sions in cheerleading occur during stunts.

SHOULD CHILDREN PARTICIPATE IN THESE SPORTS?

In order to practice medicine, one must continuously weigh the potential
risks of a given action against its known or potential benefits. One must weigh
similar risks and benefits when encouraging children to participate in sports.
While concussion is a risk in nearly all sports, the benefits from sports participa-
tion and athletic competition are innumerable. For children, sports participation
increases their physical health, cardiovascular conditioning, strength, and
endurance. It improves their self-image. It decreases the risk of obesity. By pre-
paring for competition, children learn that they can improve their performance
and skills through practice and hard work. Those children engaged in team
sports learn to interact with their peers, to assist those who are less skilled,
and to learn from those who are more highly skilled. They learn to cooperate.
They learn to lead.

Furthermore, we in America are in the midst of an obesity epidemic. The
rates of obesity in U.S. children have quadrupled in the last 30 years due, in
part, to decreased levels of physical activity. The Centers for Disease Control
and Prevention and the Surgeon General have issued recommendations aimed
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at decreasing obesity and increasing physical activity. Medical studies have
shown that regular bouts of physical activity in childhood lead to more active
lifestyles in adulthood.

For adults, sports participation increases strength, endurance, cardiovascular
conditioning, mood, energy levels, and improves self-image. It lowers choles-
terol levels. It decreases the risk of heart attack, stroke, obesity, depression.
Exercise guarantees benefits. In fact, a person’s individual, habitual amount of
regular exercise is the most significant determinant of death from all causes.
Most athletes will recover completely from their injuries. So, while we all should
try to decrease the number of injuries sustained by athletes, and treat athletic
injuries appropriately when they occur, athletes should be encouraged to con-
tinue to participate in sports. Even after sustaining a concussion, athletes should
be encouraged to return to their preferred sports, as long as it is medically safe
to do so.

In summary, concussion is a risk in almost any sport. Certainly combat and
collision sports carry a higher risk of concussion than contact and noncontact
sports. But the risks of concussion in contact sports, which do not involve pur-
poseful collisions, are still significant. The risk of sustaining a sport-related con-
cussion, however, is outweighed by the tremendous benefits that athletes derive
from participation in sports. Concussions, if managed properly, should not pre-
vent athletes from engaging in those sports that they love. For a very small
minority of athletes who experience multiple concussions, or significant, pro-
longed, or incomplete recoveries from their concussions, sports participation
may be restricted to certain safer activities.
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4

Sports Equipment: Can Helmets or

Mouth Guards Prevent

Concussion?

On October 3, 2010, the New York Giants dominated the Chicago Bears. The
Giants defense seemed nearly unstoppable in the first half, tallying nine sacks
of the Bears quarterback, Jay Cutler. On the second to last play of the half,
Giants cornerback Aaron Ross, number 31, raced in unopposed from Cutler’s
left side. With the Bears quarterback secured within his grasp, Ross spun Cutler
around 180 degrees and hurled him to the ground. The left side of Cutler’s hel-
met, securely fastened to his head, bounced off of the ground sharply. Cutler
was hesitant to get up. He was removed from the game.

Jay Cutler was concussed.
This chapter will discuss the potential role of personal protective gear in

reducing the risk of concussions. The medical evidence regarding helmets,
mouth guards, and other such protective equipment often advertized as capable
of reducing concussion will be discussed.

Many people believe that football players wear helmets in order to reduce
their risk of concussion. In fact, helmets were never designed for this purpose.
Prior to the use of the modern-day helmets, catastrophic brain injuries, such
as bleeding into the brain, skull fractures and massive swelling of the brain, used
to occur at unacceptably high rates. Helmets were invented to reduce these
catastrophic brain injuries, a task at which they are highly effective. But, it is
likely that athletes wearing helmets play more aggressively than those without
helmets. As a result, the introduction of helmets to a sport is more likely to
increase the risk of concussion than to decrease it. Since helmets reduce the risk
of death and devastating neurological outcomes after head injury, most people
believe the potential for increased risk of concussion is a price worth paying.



Many companies advertise protective equipment by claiming it can reduce
the risk of concussion. Companies selling helmets, mouth guards, headbands,
“custom mandibular orthotics,” and various other devices make such claims
on their packaging, websites, and in advertisements. Yet the U.S. Centers for
Disease Control, American Academy of Pediatrics, and experts on concussion
in sports contend that there is no equipment available that has been proven to
reduce the risk of concussion. As a result, many athletes, coaches, and parents
are confused by the mixed messages. In the following pages I will discuss
the reasons for the two separate messages and review the available medical
evidence regarding these devices.

In the early 1900s American football was recognized as a dangerous sport.
An offensive formation known as “the flying wedge” often led to significant inju-
ries. In 1905, concerned by the number of deaths and catastrophic injuries
sustained by American football players, President Theodore Roosevelt sum-
moned college athletic directors to the White House for a meeting. This group
of athletic leaders, led by New York University Chancellor Henry MacCracken,
formed the group that ultimately grew to call itself the National Collegiate
Athletic Association (NCAA). One of the main functions of the NCAA was,
and remains to this day, to set the rules and regulations for intercollegiate
American football and other sports.

However, it may surprise readers to know that football helmets were brought
about by players, as opposed to rules set by the NCAA or other athletic organiza-
tions. Initially, the football helmet was nothing more than a leather hat and strap.
The main intention was to prevent cauliflower ear, and perhaps to offer some pro-
tection to the head. Early versions of the modern-day plastic helmet did not
appear until the 1930s. The helmet itself did not become mandatory in the
National Football League until the 1940s. It may further surprise readers to learn
that engineers designing the football helmet were not trying to prevent concus-
sion. Back when the modern day football helmet was being designed, catastrophic
injuries to the brain, such as swelling of the brain, bleeding into or around the
brain, skull fractures, and death were much more common than they are today.
The goal of these early helmets was to prevent such catastrophic injuries, which
often resulted in death, coma, or neurological devastation. At the time, concussive
brain injury was poorly understood. Most people, including physicians, did not
recognize it as a significant injury. Therefore, there was no effort per se to try to
prevent concussions, or to try to design helmets that could prevent concussion.

Only recently has the medical community realized that concussion results in
true brain dysfunction. For this, and several other reasons discussed throughout
this book, there is a renewed interest in trying to prevent concussions.

As stated above, some companies advertise protective equipment for reduc-
ing the risk of concussions. Yet many, if not most, medical experts maintain
there is no such protective device available. This discrepancy likely results from
differing interpretations of the available medical research data. We will review
the available data here.
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FOOTBALL HELMETS

As noted, football helmets were not originally designed to prevent concussions
or even reduce the risk of concussion. They were designed to prevent cata-
strophic brain injury, death, or severe neurological injury. Despite that, there have
been some studies examining the risk of concussions for athletes wearing various
helmets. One such study suggested a slightly lower risk of concussion for athletes
using a particular helmet. This led many to think that this helmet decreased the
risk of sustaining a concussion while playing football. However, the methods
and statistical analyses used to conduct this research left the conclusions vulner-
able to doubt. Other studies have not been able to confirm these conclusions.
Therefore, there is no convincing data demonstrating the ability of any given,
available helmet to decrease an athlete’s risk of concussion.

One additional medical study investigated the rates of concussion in athletes
wearing more modern types of helmets, and compared them to the rates of con-
cussion in athletes wearing older types of helmets constructed with earlier tech-
nology. Their results seemed to suggest that the newer helmet technology may
reduce the risk of sport-related concussions, at least in American football. How-
ever, the study has been criticized for failing to account for all other possible fac-
tors. Those wearing the helmets with the newer technology were also wearing
newer helmets. Those athletes wearing helmets made using older technology
were wearing older helmets that had seen more playing time and thus suffered
significantly more wear and tear. It could be that the perceived benefit was
not, in fact, due to the new helmet technology but rather due to the fact that
the helmets were new and therefore in peak condition.

Only in the last few years have engineers been designing helmets with the
specific intention of reducing the risks of concussion. While this new effort is
encouraging, at the time of this writing, there has been no published data on
the effects of these newer helmet technologies. It is uncertain whether or not
they will in fact reduce the risks of an athlete sustaining a concussion.

ICE HOCKEY HELMETS

The risks of head injury, cervical spine injury and concussion in ice hockey
are high. These athletes are in a unique situation. They are on ice, a hard, slip-
pery surface on which it is difficult to balance. They are wearing skates, which
force them to balance their bodies on a thin, sleek, metallic blade. They are con-
stantly colliding with one another in an attempt to knock each other off balance,
off the puck, or out of the play. They are surrounded by hard dasher boards and
Plexiglas. And they are capable of reaching high levels of speed, at times,
exceeding 30 miles per hour. This is a setup for head and neck injuries. Thus,
mandating the use of helmets in ice hockey is an obvious result. In order to
reduce the risk of catastrophic head injuries, all ice hockey players should wear
an undamaged, properly fitted helmet with the chin strap affixed appropriately.
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Players, however, should know that these helmets will not reduce the risk of
concussion. Playing with the head up, being aware of other players and objects
around you, and being in peak physical condition are still the most effective
defenses against sport-related concussions.

BICYCLE HELMETS

Perhaps the biggest impact helmets have made on athlete safety is in the
realm of bicycling. Medical studies have demonstrated a decreased number of
deaths in various populations since the introduction of bicycle helmet legisla-
tion. Unfortunately, for many of the same reasons discussed above in other
sports, bicycle helmets do not definitively reduce the risk of concussion. In fact,
some medical researchers feel that cyclists wearing bicycle helmets take more
risks than those without helmets. Thus, while the risk of death and catastrophic
brain injury may be decreased by wearing a helmet, the rates of concussion may
in fact, increase. Either way, given their well-established ability to reduce death
and catastrophic injury, cyclists should wear helmets.

I sold my car when my wife and I got married. Since then, I bike to work, to
the store, to meet with friends, almost everywhere. I always wear my helmet. In
addition, the employees of the Division of Sports Medicine at Children’s Hospi-
tal Boston often have weekend bike rides together. I have never seen one of the
members of our division cycling without a helmet.

SKIING AND SNOWBOARDING HELMETS

There is some evidence that helmets may reduce the risk of concussion in
these alpine sports. There is good medical evidence that wearing helmets while
skiing or snowboarding will reduce the risk of head injuries. A study involving
over 20,000 skiers and snowboarders concluded that those wearing helmets
had a 15 percent decreased risk of sustaining a head injury after a fall or colli-
sion compared to skiers and snowboarders not wearing a helmet. Please note,
this study measured the risk of all head injuries, not specifically concussion.

Why helmets might help reduce the risk of concussion in one sport but not in
others remains unclear. It could result from changes in behavior on the part of
athletes. It is thought by some doctors and other medical researchers that in
contact and collision sports such as football and ice hockey, there is a general
respect for the head. Few, if any, athletes hope to cause harm or injure another
athlete. Some have speculated that athletes who are not wearing helmets during
these high-risk sports show some restraint when delivering a blow to one of
their opponents’ heads. However, when athletes are covered in helmets and
other forms of padding, there may be a sense of indestructibility. Therefore, ath-
letes who are playing fully padded are more likely to deliver and receive more
aggressive and forceful blows than those who are not so effectively padded.
Since, in general, the helmets and pads do not reduce the rotational acceleration
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of the head after impact, they have no effect on the risk of sport-related concus-
sion. In skiing and snowboarding, however, concussion seldom results from a
purposeful blow. Rather, concussive brain injury results from an accident in
which the skier strikes a tree, the mountain, or other inanimate object. On occa-
sion, it may occur from two skiers or snowboarders colliding. Since these inju-
ries do not result from purposeful collisions, they're less likely to be affected
by changes in behavior or attitude.

However, this is speculation. Other investigators have argued that, even in
sports such as skiing or bicycling where purposeful blows are not delivered to
one's opponents, wearing helmets increases the risk of concussive brain injury.
These medical investigators hypothesize that athletes wearing helmets while
participating in these sports engage in more risk-taking behavior. For example,
they argue that cyclists wearing helmets travel at higher speeds, ride on more
rugged terrain, dart in and out of traffic more readily, and are less likely to obey
the rules of traffic. There is some medical evidence to support both sides of this
argument. It seems likely, given the current available medical evidence, that
modern-day helmets do not significantly decrease the risk of an athlete sus-
taining a sport-related concussion. In fact, they may increase the risk to some
unknown degree.

MOUTH GUARDS

Mouth guards have been cited by some as potentially preventing concussive
brain injury. Several such studies were performed in cadavers. As readers of this
book have already learned, the concussed brain is not structurally damaged; it
is not significantly swollen, bruised, bleeding, or otherwise damaged. Concus-
sion is a problem with brain function. The concussed brain does not work prop-
erly. Concussed patients have poor memory, poor concentration, headaches,
difficulty sleeping, trouble with balance, etc. Since brain function cannot be
assessed in a cadaver, we can draw minimal conclusions about the effects of pre-
venting concussion from studies using cadavers.

Other studies have been performed in living athletes, both to determine
whether or not concussions are less likely to occur in athletes wearing a mouth
guard, or whether those wearing a mouth guard have fewer symptoms, less sig-
nificant decreases in brain function, or faster recoveries.

In a study published in 2007 in the journal Dental Traumatology, Mihalik
and colleagues measured neurocognitive function in two groups of athletes:
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those who sustained a concussion while wearing a mouth guard and those who
sustained a concussion while not wearing a mouth guard. They found no differ-
ences in brain function between the two groups—meaning that mouth guards
did not prevent a loss of brain function after concussive brain injury.

In a 1987 study of rugby players published in the British Journal of Sports
Medicine, Blignault and colleagues showed no statistical difference in the rates
of concussion between rugby players wearing mouth guards and those not
wearing mouth guards.

More recent studies have claimed that custom-made, form-fitting, special
individualized mouth guards called custom mandibular orthotics (CMOs) may
decrease the rates of concussion. However, the results are unclear. The methods
used to conduct the research were poor, leading to unreliable and perhaps
frankly erroneous conclusions. Therefore, no definitive conclusions can be
drawn. Any effects of CMOs and other mouth guards on concussions remains
unknown.

As with helmets, however, it is well established that mouth guards reduce the
risk of facial bone fractures and dental injuries. Therefore, all athletes participat-
ing in sports that require the use of a mouth guard should wear an undamaged,
properly fitting mouth guard while they are playing.

SOCCER HEADBANDS

Recently, soccer players, coaches and parents of soccer players have been
asking about the ability of headbands to reduce the risk of concussion. Indeed,
many headbands advertise such an ability. There is little medical evidence to
support this assertion.

In a study published in theBritish Journal of SportsMedicine in 2000,McIntosh
and McCrory studied eight commercially available head protectors designed for
soccer players. They measured the ability of these protective devices to reduce
energy at impact. They further investigated how well these devices maintained
their function over time, after repeated impacts. As might be expected, they
concluded that protective headgear for soccer players can reduce the risk of scalp
lacerations, cuts, and abrasions, but that any reduction in the risk of sustaining a
concussion is unlikely.

Other studies have suggested a potential benefit of soccer headgear in
reducing the risk of concussion. So those of us caring for athletes cannot be
certain as to whether or not these devices are effective. Certainly, medical
studies showing a potential benefit, and those not showing a benefit, are lim-
ited. In some, there were other significant differences between the players
wearing headgear and those not wearing headgear. In one study in particular,
athletes who wore headgear were more likely to be female, to have suffered
concussions previously, and to wear a mouth guard. Given these differences,
these athletes may have played more cautiously than those not wearing head-
gear. It could be their cautious play that reduced their risk of concussion.
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Or perhaps, given their history of previous concussions, this group was less likely
to report their injury, for fear of losing play time. There are many possibilities
that could explain the apparent association between headband use and
decreased risk of concussion. Until further medical studies are conducted, no
definitive conclusions regarding the use of soccer headbands to reduce the risk
of concussion can be reached.

PLAYING SURFACE

Some investigators have suggested that the type of playing surface used by
athletes may affect the rates of concussion or the severity of concussions. In a
study published in 2002 in the Journal of Trauma, Rosanne Naunheim investi-
gated the peak acceleration after impact on three different playing surfaces:
natural grass, the indoor artificial turf of a practice field, and the indoor artificial
turf in a domed stadium. Her results showed that peak acceleration was greatest
with the indoor artificial turf of the domed stadium at 262 Gs, compared to 246
Gs for natural grass, and 184 Gs for artificial turf on the indoor practice field.
These results suggest that the type of surface on which a game is played may
affect the risk of sustaining a concussion after a fall to the ground.

In 2000, a study published by athletic trainer Kevin Guskiewicz examined
the effect that playing surface had on immediate signs and symptoms of concus-
sion. The results suggested that those athletes who sustained their concussions
on artificial turf were more likely to lose consciousness than those athletes sus-
taining concussions on natural grass.

The data published thus far regarding playing surface and risk of concussion
is preliminary. Furthermore, the type of surface on which athletes play is deter-
mined by many factors other than the risk of concussion. Expense, upkeep,
space, location, and weather patterns all factor into a program’s decision about
which playing surface to use. Still, further research could clarify the effects of
playing surface on concussion risk. Once clarified, programs could consider
concussion risk as one of the factors used to help determine which playing sur-
face they will employ.

Although some may find it discouraging, readers of this text can deduce an
obvious explanation for the limitation in protective equipment in reducing con-
cussion risk. For a moment, let us consider the way a shin guard works in soccer.
When a soccer player without a shin guard is kicked by an opponent in the shin,
a tremendous amount of force is delivered to the point on the shin struck by the
toe box of his opponent’s shoe. This blow to the shin causes significant pain,
bruising, and occasionally fracture of the underlying shin bone. When the shin
is covered by a shin guard, the amount of force delivered to the shin is the same.
But rather than being delivered to one point on the shin, the force is now dis-
tributed over a larger surface area, specifically, the size of the shin guard. Thus,
the force is absorbed by a larger area of the shin. This decreases pain, bruising,
and overall injury.
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Helmets operate in a similar way. Nearly the same amount of force strikes the
player’s head. But rather than the force being focused at the point of impact, it is
distributed over the larger surface area of the helmet. We have already learned
that concussion results from a rapid, rotational acceleration of the brain, or spin-
ning, as a result of an impact. Helmets distribute the force of an impact over a
wider surface area. But they do little to reduce the overall force. Therefore, they
do little to reduce the resulting acceleration. Since it is the acceleration of the
brain that causes the concussion, helmets can do little to reduce the risk of con-
cussion. Newer technologies attempt to reduce the brain’s acceleration after
impact. Whether or not such technologies will be effective at reducing the risk
of concussions in sports remains to be seen.

In summary, there is currently no reliable medical evidence showing that
personal protective equipment reduces an athlete’s risk of sustaining a sport-
related concussion. Both scientific and medical investigations are under way to
try to develop such personal protective devices. Hopefully, some effective
equipment will be developed over the next decade or two. While they may
not be proven to reduce the risk of concussion, however, helmets, mouth
guards, and other personal protective devices are extremely effective at reduc-
ing the risk of catastrophic brain injuries, skull and facial bone fractures, dental
injury, scalp lacerations, as well as many other injuries. Therefore all athletes
participating in combat sports, collision sports, and contact sports should wear
all appropriate protective equipment recommended by the sports’ governing
administrative bodies. In addition, all such personal protective equipment
should be new, in proper working condition, and fitted appropriately.
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5

New Medical Information: Why Is

Concussion Taken So Seriously

Nowadays?

Ted Johnson played linebacker for the New England Patriots. He was a hard-
hitting, energetic, dynamic player, and a fan favorite. On August 10, 2002, during
an exhibition game against the New York Giants, he sustained one of the many
concussions that he suffered during his career. In a 2007 interview with Boston
Globe reporter Jackie MacMullan, Johnson described the hit he delivered to
Giant’s running back, Sean Bennett, as “a terrific collision.” It was a high-energy
impact which resulted in Johnson being confused and blacking out.

Before the season had even started, Ted Johnson was concussed.
He was pulled from the game after discussing his injury with Patriots, medical

staff. But several days later, despite suffering from persistent symptoms, he was
pressured to return. He marks this as the start of his precipitous decline.

The remainder of his story is well known, having been described in several
news articles, on several television shows, and featured on HBO’s Real Sports
with Bryant Gumbel. He reports suffering from crippling depression and apathy,
often going days on end without shaving, showering, brushing his teeth, or leav-
ing his apartment. He is, at times, unable to keep appointments. He and his
physician, Dr. Robert Cantu, a world famous neurosurgeon and a leading expert
in the management of concussive brain injuries, attribute Johnson’s symptoms
to the multiple concussions he sustained while playing football. And his symp-
toms are extensive, including, depression, fatigue, difficulty concentrating, poor
memory and ringing in the ears, among others. While he told the Boston Globe
he has only been diagnosed officially with three or four concussions, Johnson
estimates he has suffered more than 30, adding, “I have been dinged so many
times I’ve lost count.”



This chapter will review the reasons why concussive brain injuries, and
sport-related concussions in particular, are taken more seriously today than
they were 25 years ago. Both medical and scientific studies will be reviewed.

There are four main reasons why concussion is taken much more seriously
nowadays then it was 25 years ago.

1. Athletes who sustain one concussion are at a higher risk for getting another
than athletes who have never had a concussion.

2. The effects of concussions are, to some extent, cumulative, meaning the more
concussions athletes have, the worse their brain function becomes after each
injury, and the longer it takes for them to recover from each concussion.

3. Some athletes who sustain concussions will develop problems later in life such
as dementia, confusion, depression, and other problems. Some athletes with
these problems have been diagnosed at autopsy with an entity now known as
“chronic traumatic encephalopathy.”

4. Athletes, particularly young male athletes, who return to sport before complete
recovery from a concussion, are at risk for life-threatening swelling of the brain
known as “second impact syndrome.”

INCREASED RISK

Several studies have shown that athletes who have sustained one concussion
are at increased risk for sustaining more. In 1977, a woman named Susan
Gerberich investigated the number of concussions that occurred during high
school football in Minnesota. She asked athletes to complete a questionnaire
assessing details about their recent football season. She received responses from
3,063 players, representing 81 percent of those who received the question-
naire. Overall, approximately 19 percent of football players acknowledged sus-
taining a concussion during the 1977 fall football season. From her results,
she noticed that the risk of being knocked unconscious was four times higher
for those athletes who had been knocked unconscious before than for athletes
who had never lost consciousness.

During the 1970s, there was still significant debate about how “concussion”
should be defined. However, physicians on both sides of the debate agreed that
an athlete who lost consciousness had sustained a concussion. Therefore, in
order to avoid debate, it was often useful to separate out concussions that
involved a loss of consciousness from those which did not involve a loss of con-
sciousness. Certainly, these findings drew some much needed attention to the
issue of concussive brain injury in American football. An athlete who had been
knocked unconscious previously in his lifetime was four times more likely to be
knocked unconscious during a given football season than an athlete who had
never lost consciousness. This finding suggested that, perhaps, athletes who
had sustained a concussion previously were more likely to sustain additional
concussions.
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During the late 1990s, a man named Mark Schulz collected data on nearly
16,000 athletes in North Carolina high schools and revealed a similar finding:
those athletes who had sustained concussions in the past were twice as likely
to sustain a concussion during the study period than those athletes who had
never had a concussion. Several differences in the study by Schulz are worth
noting. First of all, Schulz looked at all concussions, not only those that involved
a loss of consciousness. Although some debate still existed in the late 1990s, it
was more generally accepted that concussions occurred even when an athlete
did not lose consciousness. Furthermore, Schulz looked not only at American
football but other sports as well. This drew some much needed attention to
the risk of concussive brain injury in sports other than American football.

Similar results have been seen in studies of college athletes. Kevin Guskiewicz,
an athletic trainer from the University of North Carolina, followed nearly
3,000 college football players over the course of three seasons. His results
showed that college football players with previous concussions were three
times more likely to sustain a concussion than their teammates who had no
previous concussions.

As these and other medical investigations revealed similar findings, the
medical community realized that an athlete who has sustained a concussion at
some point in his or her lifetime is at increased risk for sustaining sport-
related concussions in the future when compared to athletes who have never
had a concussion. The reasons for this increased risk are unknown. There are
several possibilities.

A. It could be that some athletes are born with a predisposition or vulnerability to
concussive brain injury. Perhaps the substance of their brain, the shape of their
skull, or other physical characteristics make them more likely to sustain a con-
cussion. When these athletes are included in medical studies, they are more
likely to have sustained a concussion prior to the start of the medical study,
since they are predisposed. Similarly, they are more likely to sustain a concus-
sion during the medical study, simply because they are predisposed to concus-
sive injury. Note, this increased risk has nothing to do with their prior injury.
They are simply born predisposed to sustaining concussive brain injury. They
have always been at higher risk.

B. It could be that it is simply a matter of playing time. Perhaps, athletes who
receive more playing time sustain more concussions because they are more
often at risk. The athlete on the ice playing hockey, or on the field playing foot-
ball, is more likely to sustain an injury than the athlete on the bench, riding the
pine.

C. It could be a matter of playing style. Perhaps athletes who sustain more concus-
sions are too aggressive, constantly flinging themselves recklessly into risky sit-
uations. Perhaps when anticipating contact they often lead with their heads,
placing themselves at greater risk of concussion. Or, maybe they are not aggres-
sive enough. Maybe they are somewhat timid. As a result, a more aggressive
player lines them up and delivers a well-timed, coordinated blow that not only
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renders them incapable of performing their competitive duties but also results
in a concussion.

D. It may be a matter of body mass. Studies done in peewee and bantam ice
hockey leagues have shown that athletes who are smaller in size are at
increased risk for concussion compared to their larger counterparts. Perhaps
smaller athletes sustain more concussions than larger athletes simply because
they sustain more blows delivered by larger athletes capable of producing
larger forces.

E. Finally, it could be that once athletes sustain a concussion, something changes
in the brain that predisposes them to future concussions. This final possibility
results in a great deal of concern for those of us engaged in athletics, sports
medicine, and the management of concussive brain injury.

Currently, those of us in the medical field do not known which of these possibil-
ities is true. It could be that all of the above explanations are true, each account-
ing for some proportion of repeat concussions in athletes. No matter the reason,
athletes who have sustained one or more concussions are at increased risk for
additional concussions. As a result, they should be managed closely with all
available technologies.

CUMULATIVE EFFECTS

The effects of concussion are cumulative. There is some lasting effect on the
brain after a concussion that persists, even after the athlete feels better. Athletes
who sustain multiple concussions will have more significant symptoms, a more
impressive decrease in their overall brain function, and will often take longer
to recover than athletes who sustain only one concussion. Several medical stud-
ies have led to this conclusion.

As noted previously, a neuropsychologist is a clinician and scientist who has
a doctoral degree in measuring brain function. In the 1970s, a neuropsycholo-
gist named Dorothy Gronwall measured the brain function of patients referred
to her clinic after having sustained a concussion. She separated these patients
into groups. One group consisted of patients who had sustained two concus-
sions during their lifetime. The other group consisted of patients who had sus-
tained only one concussion during their lifetime. She then measured the brain
functions of the patients and compared their performance.

She found that those patients who were referred to her office after sustaining
their second lifetime concussion had worse brain function than those who had
sustained only one concussion. Furthermore, it took longer for the brain func-
tion of those who had sustained two lifetime concussions to return to normal
than it did for patients who had sustained only one lifetime concussion. She
concluded that the effects of concussion, therefore, are cumulative. These
results suggested that there are some lasting effects on the brain after a concus-
sion that do not resolve. At the very minimum, these effects make subsequent
injuries more significant and more difficult to recover from.
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Studies in athletes have shown similar findings. In the same study noted
above by Kevin Guskiewicz, athletes took longer to recover from a concussion
if they had sustained a previous concussion. Only 15 percent of players with
one prior concussion had symptoms that lasted longer than a week. But for
players who had three or more prior concussions, 30 percent had symptoms
lasting longer than a week.

Even the events that occur at the time of injury may be different for athletes
who have sustained multiple concussions, when compared to those who have
sustained only one concussion. In a study performed by Micky Collins, a neuro-
sychologist at the University of Pittsburgh Medical Center, athletes who sus-
tained a concussion were more likely to be knocked unconscious, to suffer
confusion, and to suffer amnesia if they had sustained prior concussions.

It should be obvious to most readers that athletes are at constant risk for sus-
taining a concussion, particularly those involved in contact or collision sports.
Therefore, athletes who sustain multiple concussions often sustain them within
a relatively short time period. In fact, in the study by Kevin Guskiewicz, 90 per-
cent of athletes who sustained repeat concussions during the same season suf-
fered their concussive injuries within 10 days of one another. Furthermore, at
the time these studies were conducted, many athletes were returned to sports
before they were fully recovered from their concussions. This has led some to
speculate that there is not, in fact, a cumulative effect of multiple concussive
brain injuries when an athlete has proper time to recover in between each con-
cussion. If an athlete has proper time to recover from one concussion before
sustaining another concussion, some argue, there would be no measurable
effects from the previous injury. The athlete would recover just as quickly as if
he or she had only sustained one concussion. The deficits in brain function
would be no different than if the athlete had only sustained one concussion.
This leaves open the possibility that if athletes fully recover in between their
concussions, they might not develop these cumulative effects. It is possible that
recovering fully between injuries might minimize any potential, cumulative
effects of injury. This hopeful possibility is one of the reasons why athletic train-
ers, doctors, and neuropsychologists recommend avoiding contact or collision
sports until an athlete is completely recovered from a concussion.

It is interesting to note, however, that Dorothy Gronwall was not only study-
ing athletes. Rather, she was studying all patients referred to her clinic with a
concussion. Outside of sports, concussion is a relatively rare injury. It is uncom-
mon for people who are not engaged in athletics to sustain a concussion. Cer-
tainly, having more than one concussion over the course of a lifetime is
uncommon for non-athletes. Therefore, the length of time in between injuries
tends to be greater for patients not playing sports than it is for patients playing
sports. In Gronwall’s study, the time in between concussions for those patients
who had sustained two concussions ranged from five months to eight years.
The average length of time in between the two concussions was 4.5 years.
Therefore, statistically, it is likely that the majority of her patients, if not all of
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her patients, had recovered completely from the first injury at the time they sus-
tained their second. Despite this, she was able to detect worse brain function
and longer recovery times for those who sustained their second concussion.
This suggests that there is, in fact, some cumulative, permanent effect on the
brain after a concussion regardless of the amount of time an athlete or patient
has to recover in between injuries.

While further research needs to be conducted into the potential effect of
complete recovery in between injuries, most clinicians agree an athlete who
completely recovers in between concussions is better off than the athlete who
sustains an additional concussion before completely recovering from a prior
concussion. Certainly, completely recovering from a concussion prior to sus-
taining an additional concussion decreases, if not completely eliminates, the risk
of second impact syndrome, a catastrophic injury often leading to death, coma,
or permanent loss of brain function, which will be discussed later in this chapter.

LONG-TERM EFFECTS

Many readers will remember classmates from their youth who spoke a little
more slowly than others, seemed a little “spacey” or “out of it.”When these stu-
dents played sports like football or boxing, people used to say things like “that
guy took too many hits to the head,” or “that guy got his bell rung one time
too many.” The term punch drunk was fairly common. This may be a case, as
often happens, where common sense and intuition precede medical knowledge.
Although these remarks were often made jokingly, there was some understand-
ing, some belief, that multiple blows to the head would result in problems with
brain function, slowed thinking, slowed speaking, poor concentration, etc. Medi-
cal scientific studies are starting to confirm these previous suspicions.

Although the attention of the medical community has only recently been
drawn to the long-term effects of concussive brain injury, one of the first medi-
cal articles to note the potential long-term effects of multiple blows to the head
was published in 1928, in the Journal of the American Medical Association. In his
article entitled “Punch Drunk,” a physician named Harrison Martland detailed
the physical characteristics of certain boxers described by fans as being “cuckoo,
goofy, . . . slug nutty.” The boxers Martland described developed an abnormal
way of walking, where the men would drag a leg slightly behind them. Some
would progress to develop more general slowing of all of their movements.
Martland noticed these boxers had slowed speech, shaking of their hands, invol-
untary nodding of their heads. Some were unable to show expressions on their
faces which became somewhat mask-like in their appearance. He reported that
these men were often mistaken for being drunk. One such boxer was even
excluded from a fight because he was suspected of being drunk at the time,
when, in actuality, he was sober. Some of these pugilists became worse with
time, losing the ability to think properly, to function in the world, to hold a
job. Some were ultimately hospitalized in an asylum.
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Martland observed that this disease was seen mostly in boxers who were
known for their ability to take a punch. “Punch drunk” syndrome was uncom-
mon in speedy, skilled, elusive fighters whose goal was to outbox their oppo-
nents by scoring more points, by landing more punches. Given their skill and
agility, these types of boxers sustained relatively few square punches to the
head. Rather, the illness Martland described was seen in boxers of the “slugging
type,” men who endured considerable blows to the head but managed to stay
on their feet, engaged in the fight, seeking to land one giant knockout blow in
order to win.

Those of you unfamiliar with boxing but who have seen the movies Rocky or
Rocky 2, can still appreciate these two separate styles of boxing. Apollo Creed
would be the skilled, agile, elusive fighter. His ultimate goal is to outbox Rocky
Balboa. Creed is constantly bobbing and weaving, dodging the slow yet forceful
punches of Balboa. Creed rarely sustains a square punch to the head. Rocky
Balboa, on the other hand, is a boxer of the “slugging type.” He is not as fast,
skilled, or agile as Creed. He cannot possibly hope to outbox Apollo Creed. But
given his enormous strength and power, he seeks to win the bout by delivering
one, powerful, fatal knockout blow that knocks Creed unconscious for 10 seconds.
Balboa endures considerable punishment, sustaining multiple blows to the head
and body, yet remains on his feet in the hopes of delivering that one, mighty, win-
ning blow. Balboa can take a punch. It is in this type of fighter, “the slugger,” repre-
sented by Balboa, in which Martland described the entity he called “punch drunk.”

The characteristics of “punch drunk” as described by Martland are remark-
ably similar to those described more recently in professional football players
ultimately diagnosed with “chronic traumatic encephalopathy.” This entity will
be discussed further in chapter 11.

However, full-blown “punch drunk” syndrome or chronic traumatic
encephalopathy is not the only effect of multiple blows to the head, or multiple
concussions. A well-known study by athletic trainer Kevin Guskiewicz exam-
ined the proportion of retired American football players with impaired brain
function later in life. He found that players who had sustained concussions were
three times more likely to report problems with memory than those who did not
sustain concussions. Furthermore, his results showed that the rates of brain dys-
function in retired football players who sustained three or more concussions
during their career were five times higher than retired football players who
did not sustain a concussion during their career. Those retired football players
who had developed Alzheimer’s disease did so at a younger age than the gen-
eral American male population.

While this is concerning for long-term effects of concussions, there have also
been studies that did not detect any long-term effects from sport-related con-
cussions. As a result, there is ongoing controversy about whether or not concus-
sions result in any long term problems.

There is little doubt in my mind that some athletes, as a result of multiple
concussive brain injuries, lose some brain function that they never recover.
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I am equally convinced, however, that many athletes who sustain sport-related
concussions make full and complete recoveries, regaining all of their previous
brain function. The differences between these two groups of athletes are
unclear at this time. There are several possibilities:

1. Those who have lost some brain function may have sustained many more con-
cussions than those who have retained their brain function.

2. Those who have lost brain function may have sustained injuries that involved
greater forces than those who have retained their cognitive function.

3. Some people may be more vulnerable to the effects of concussion, such that
they have a more difficult time recovering their brain function after a concus-
sion, or after multiple concussions. This vulnerability may be due to their
genetics, the shape of their brain, the shape of their skull, or other biological
factors.

4. Those who have lost some brain function may have sustained repeated injuries
without recovering fully in between each of them, while those who retain their
brain function recovered fully in between their concussions.

5. There may be a certain age at which sustaining concussions results in a loss of
brain function that is not recoverable, while athletes at different ages at the time
of their concussions are able to fully recover.

One of the jobs of physicians, scientists, neuropsychologists, athletic trainers,
and others involved in the care of athletes is to discover the reasons why certain
athletes lose some of the capabilities of their brain as a result of sustaining
concussions, while other do not. Such insights might lead to prevention and
treatment strategies.

SECOND IMPACT SYNDROME

Although rare, second impact syndrome is tragic.
In 1984, two physicians named Saunders and Harbaugh described the tragic

case of a man who died after sustaining a head injury. He was a 19-year-old col-
lege student and football player. He had been in a fistfight during which he
received a blow to the head that knocked him unconscious. The day after the
fistfight, he was taken to the school infirmary, where he had headaches and nau-
sea. He was removed from football. Three days later he reported feeling better
but still had a mild headache. He returned to football. During a play in which no
one recalls any significant trauma to the head, or other major blow to the body,
the patient became ill. He walked off the field and collapsed. He was taken to an
emergency department, where he was noted to be unconscious. A breathing
tube was inserted so that doctors could help maintain his breathing. A picture
of his brain called a computed tomography (CT), or “cat scan,” was taken. It
showed significant swelling of the brain and a small amount of blood. He died
several days later, despite medical and surgical treatments. Saunders and
Harbaugh hypothesized that because this young man had not fully recovered
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from his prior concussion, that he had sustained during the fistfight, he was
more susceptible to the catastrophic swelling of the brain that resulted from a
blow so minor that none of his teammates could recall it.

Since that time, there have been multiple similar cases described in the medi-
cal literature. This occurrence has become known as second impact syndrome.

An athlete who is recovering from a concussion, but is not yet fully recov-
ered, is at risk for second impact syndrome. When athletes return to play before
they are fully recovered from a concussion, a second blow to the head, even a
mild one, or even a blow to the body that results in a rapid movement of the
head, can cause massive swelling in the brain. Since the brain is contained in
the rigid bone of the skull, this swelling causes compression of the brain. In
severe cases, the brain is squeezed through small holes within the skull. This
squeezing of the brain through these small holes is known as “herniation.”
Herniation can lead to decreased blood flow to the brain, and ultimately to
the athlete’s death.

Every year during football season, there is an article in the newspaper about
an athlete who returned to football before he had recovered completely from a
concussion. Often, the athlete told his doctor, athletic trainer, and coach that he
was better but confided to friends and teammates that he still had some linger-
ing symptoms, such as headaches or nausea. And, although no one remembers
any major blows to the head or collisions, the athlete develops massive brain
swelling and dies.

Although second impact syndrome is rare, it has a devastating effect on those
involved. Those who do survive second impact syndrome are neurologically
devastated. They often spend many weeks to months in a coma. Many times
they have a hole cut in their neck through which a permanent breathing tube
is inserted. They are hooked up to a machine to help them breathe. They
receive all of their nutrition intravenously as they are not awake enough or alert
enough to eat or drink. The athletic trainer, team physician, primary care physi-
cian, and other medical personnel are left wondering about their relationship
with the athlete. Often times they are confused as to why the athlete would
not have spoken of his symptoms. They question whether or not there were
other steps they could have taken in order to prevent the injury. They start to
fear that other athletes on the team are perhaps downplaying their symptoms
in order to return to play and are therefore at risk for second impact syndrome.
They are often reluctant to allow future athletes to return after sustaining a
sport-related concussion. Often the coaching staff suffers many of the same
emotions. They too are left wondering whether their coaching had something
to do with the athlete downplaying his symptoms. They wonder whether or
not there was anything they could have done to prevent the injury. They worry
about the remainder of athletes under their supervision. Second impact syn-
drome is perhaps hardest on the teammates of the injured player. While some
of them may have been aware that the athlete was still experiencing symptoms
from his concussion, most were unaware that returning to play prior to
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complete recovery from a concussion could lead to such a devastating outcome.
They often feel a sense of guilt about not informing the athletic trainer, parents,
or coaching staff that the athlete was still experiencing symptoms. They are dev-
astated by the loss of their friend. They are haunted by thoughts that perhaps
they could have prevented the injury. They fear for their own safety on the play-
ing field.

Avoiding second impact syndrome is one of the main reasons why physi-
cians, athletic trainers, neuropsychologists, and other medical professionals do
not return athletes to sports until their symptoms have completely resolved.

Something else is worth noting about the case described by Saunders and
Harbaugh. The athlete sustained his concussion in a fistfight, outside of organ-
ized athletic activity. While those of us in sports medicine concentrate on con-
cussions that occur in sports, many athletes will sustain concussions outside of
organized, supervised athletics. Given the lack of parental or medical supervi-
sion during these instances, diagnosing these concussions is even more difficult,
especially without the help of the athlete. These circumstances should not be
overlooked. Furthermore, when an athlete reports a concussion that was sus-
tained outside of athletics, those of us involved in sports medicine are often still
the best equipped to manage the injury.

Thus far, second impact syndrome has only been described in boys and
young men. Perhaps there is something different about the male brain, or more
specifically the young male brain, which predisposes it to second impact syn-
drome. It could be that male athletes are susceptible to this injury, whereas
female athletes are not. I suspect, however, that girls, women and older men
are equally susceptible and cases may be seen in the future. Since the majority
of athletes playing contact and collision sports are young men and boys, and
since second impact syndrome is rare, it is statistically more likely to occur in
young male athletes. But the overall numbers of female athletes participating
in contact and collision sports is increasing every year. It is possible that a case
of second impact syndrome will occur in a female athlete in the future.

In summary, those who sustain one concussion are at increased risk of future
concussions than those who have never suffered a concussion. The effects of
multiple concussions are likely cumulative. For some athletes, there are long-
term effects from sustaining multiple concussions. Second impact syndrome is
a risk when athletes who are not completely recovered from a concussion are
returned to sports. It often leads to devastating consequences.
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6

“Neuropsychological” or

“Neurocognitive” Testing:

What Is It and Should My

Athlete Have It?

On September 26, 2009, the Florida Gators were beating the Kentucky Wildcats
by a score of 31 to 7. It was the third quarter. The Gators star quarterback, Tim
Tebow, called for the snap. He was looking to his right, when, from his blind side,
he was drilled by Kentucky’s number 94, Tyler Wyndham, who charged,
unblocked, from the line of scrimmage. Wyndham’s helmet struck Tebow’s face-
mask, rocketing his head backward. As he was pinned to the ground, his head
bounced forward off of the leg of his teammate, Marcus Gilbert. As he lay on the
field, he flinched once or twice, but was mostly motionless. It was several minutes
before Tebow could be removed from the field. On the sidelines, he started to
vomit. He was taken to a nearby hospital where he had a CTof the brain that
was negative for bleeding. He was admitted overnight.

Tim Tebow was concussed.
The media coverage that followed was uncommon. Perhaps because of

Tebow’s stature and fame, his concussion received more media coverage than
most. There was some good that came out of the coverage. Many younger ath-
letes saw that Tebow was taken out of the game. Many sports fans unfamiliar
with concussion management read about Tebow’s “baseline” test and how he
would retake it later, when doctors felt he was improving, to help assess when
he was recovered. For many, this was the first they had ever heard of neuro-
psychological testing.

The terms neuropsychological testing and neurocognitive testing are often
used interchangeably. When discussed in the context of athletes sustaining



sport-related concussions, these terms mostly refer to computerized neuro-
psychological testing.

Neuropsychology is a long-standing profession dating back to the earliest
times of research in brain function. It is a subspecialty of psychology that deals
with the function of the brain and how it relates to behavior. Neuropsycholo-
gists are clinician-scientists who assess brain functioning. They use standard
tests to determine patients’ cognitive, social, emotional, and behavioral func-
tioning. They measure patients’ reaction time and the speed with which patients
solve problems. They assess patients’ decisions, decision making abilities and
the strategies patients use to make decisions. The data obtained during these
observations and tests allow neuropsychologists to understand how a patient’s
brain is working. These measurements of brain function can be used to help
determine appropriate treatments and interventions, clarify diagnoses, and
assess relative strengths and weaknesses in many conditions such as attention
deficit/hyperactivity disorder, learning disabilities, autism, Alzheimer’s disease,
and epilepsy (recurrent seizures). They can be used to assess brain function
after injuries such as stroke, drowning, and traumatic brain injuries. In the set-
ting of sports, they are most often used to measure brain function before and
after a sport-related concussion.

In the 1980s, a group of neuropsychologists suggested measuring brain func-
tion in athletes who played American football. Given the large number of
athletes playing American football, and the relatively high occurrence of con-
cussions in American football, it seemed logical. Since that time there have been
numerous medical studies investigating the use of neuropsychological testing in
assessing sport-related concussions.

In 1999, a landmark study was published in the Journal of the American
Medical Association (JAMA). In this study, a neuropsychologist named Micky
Collins, and his colleagues at the University of Pittsburgh Medical Center mea-
sured the brain function of 393 college football players prior to the start of a
football season. Those athletes who sustained a concussion during the season
were retested after their injuries. The results were remarkable.

Prior to the start of the season, those athletes who had sustained a concus-
sion at some point during their life, performed worse on neuropsychological
tests then those athletes who had never sustained a concussion. This has led
some to suggest that the effects of concussion are permanent and do not resolve
with time. But this cannot be concluded from these data. It is possible that the
lower brain functioning measured by the tests was present before the injuries,
and perhaps predisposed these athletes to sustaining a concussion rather than
resulted from their previous concussions. Indeed, it is not hard to imagine that
athletes with slower reaction times might be at increased risk for a sport-
related concussion. Similarly, however, we can just as easily imagine that multi-
ple concussions themselves led to permanently slower reaction times. Other
studies, discussed later in this book, have been performed to address this ques-
tion. The study by Dr. Collins and his colleagues showed convincingly, however,
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that concussion results in abnormal brain function after injury. Players per-
formed worse on measurements of their brain function days after a concussion,
than they did before the start of the season, when they were uninjured. This was
remarkable because, at the time of this study, it was not commonly accepted
that measurable brain dysfunction resulted from a concussion.

This study required an enormous amount of work. The neuropsychological
tests took 30 minutes or more to perform for each athlete. They tested nearly
400 football players. So, while the results were revealing, it did not seem like
a practical way to assess or monitor sport-related concussions. Many college
football teams have 70–100 players. Testing each of them before the start of
the season would require one or more trained neuropsychologists to spend
35–50 hours examining the athletes. A written report would have to be gener-
ated for each athlete. After each concussion, the tests would have to be
repeated, often multiple times, while monitoring recovery. The team would
have to pay for each test. Routinely allotting this amount of time in an already
packed athletic training schedule would be difficult. While professional and
some major college athletic programs might have the funding for such an
endeavor, few, if any, high schools would. Furthermore, concussion occurs in
other sports besides American football. The thought of performing these tradi-
tional neuropsychological assessments on every at-risk athlete at the beginning
of each season, and again, often multiple times, after each concussive injury,
seemed daunting. Indeed, it was unlikely to happen on a large scale.

The constraints of traditional neuropsychological testing led to the invention
of computerized neuropsychological tests. These tests use a computer to mea-
sure brain function in place of some of the previous versions of traditional
neuropsychological tests. Computerized versions have several advantages over
the traditional testing paradigms. They allow for multiple preseason or “base-
line” tests to be performed simultaneously. If there are enough computers avail-
able, the entire team can be tested at once. Since they are limited in their scope,
medical personnel such as team physicians and certified athletic trainers can be
taught to administer and perform limited interpretations of the tests. Computer-
ized tests are more affordable than traditional tests. And they are more precise
in certain areas of testing. For example, the computerized tests can measure
an athlete’s reaction time to one-thousandth of a second, much more precisely
than a person with a stopwatch can measure.

While taking computerized neuropsychological tests, athletes are asked to
complete several tasks. Often, they are given a series of words to remember.
Periodically throughout the duration of the test, the athlete is asked to recall
whether or not various words were a part of the original list. A similar list of
designs or shapes is also presented, and athletes are asked periodically to recall
whether or not various shapes were a part of the original list. There are tasks of
memory and concentration, similar in many ways to the card game “concentra-
tion” that many readers will have played during their childhood, where athletes
are asked to remember the location of various objects after they have been
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covered. There are tests dealing with numbers, letters, and various designs.
Measurements are recorded of the number of tasks performed correctly, the
number performed incorrectly, and the time it takes for athletes to complete
each task. From these measurements, clinicians can obtain a quantitative meas-
urement of the athlete’s cognitive abilities. This is stored in the medical record.

Ideally, the athletes on teams engaging in sports with a significant risk of con-
cussion will each undergo a baseline computerized neuropsychological test
prior to the start of the season. This will be considered a measurement of their
normal brain function, the functioning that their brain is capable of when it is
not injured. Then, if an athlete sustains a concussion during the season, the test
is repeated. This allows doctors, athletic trainers, and neuropsychologists to see
how far the athlete’s function has decreased. Furthermore, the test can be
repeated to monitor recovery. Medical personnel can see how long it takes for
the athlete to regain his or her preseason functioning.

While computerized neuropsychological tests are valuable in assessing and
managing sport-related concussions, they should not be viewed as a replace-
ment for traditional neuropsychological testing. In traditional testing, a trained
neuropsychologist is able to detect aspects of brain functioning by observing
how a patient approaches certain problems, handles difficulties, and processes
information. During traditional testing, the neuropsychologist can interact with
the patient to gain an understanding of how the patient handles a given task.
This direct observation and interaction is lost with computerized testing. In
addition, these tests are currently used mostly for the detection, assessment,
and management of traumatic brain injury. Their potential role in identifying
other disease processes and supporting other diagnoses is not yet clear. Finally,
their interpretation is limited by the training and experience of the clinician
using them. Physicians and athletic trainers can be taught to administer and
interpret these tests to some extent. They can administer baseline tests and
determine the validity of baseline tests. They can be taught to detect variations
from baseline performance after injury and return to baseline performance
during recovery from concussion. They can even be trained to detect some of
the more common mistakes and misinterpretations of the directions by athletes,
and learn how to correct for those mistakes by mathematically adjusting the
patient’s scores. However, there is no doubt that a trained neuropsychologist
who has significant training and experience using computerized neuropsycho-
logical testing will be able to glean much more information from these tests.
Such neuropsychologists are better equipped to interpret tests complicated by
learning disabilities, attention deficit hyperactivity disorder, and other factors
which effect computerized neuropsychological test scores. Ideally, all concus-
sion action plans will include the services of a neuropsychologist with specific
training in the administration and interpretation of computerized neuropsycho-
logical tests.

Similarly, neuropsychologists who are familiar with traditional test para-
digms but have not trained on computerized tests will be limited in their ability
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to interpret the computerized test scores. As these tests are relatively new, there
will be many practicing neuropsychologists who are not familiar with them.

For those who know how to properly administer and interpret these tests,
they are highly valuable. Multiple medical studies have shown that these studies
can help diagnose sport-related concussions and monitor recovery. Perhaps
their most valuable quality is their ability to detect decreased brain function
even after athletes report being symptom-free. Medical studies suggest that up
to 30 percent of athletes who feel recovered from their sport-related concus-
sions and report that they are symptom-free still have measurable deficits in
their brain function for several additional days.

Prior to the routine use of neuropsychological testing in athletes at risk for
sport-related concussions, athletic trainers and physicians managed these
patients according to their symptoms. When athletes sustained a suspected con-
cussion and told their team medical personnel about it, complaining of head-
aches, nausea, poor concentration, and other symptoms of concussion, they
were removed from play. Once they informed the team’s medical personnel that
their symptoms had resolved, they were cleared to start the return to sports.
This left players vulnerable to three potential issues. First, many athletes do
not recognize their symptoms as indicative of a concussion. Second, as dis-
cussed earlier, many athletes, for various reasons, report being symptom-free
despite remaining symptomatic. Third, medical personnel had no way of know-
ing which athletes had persistent brain dysfunction, even after they reported
being symptom-free. Computerized neuropsychological testing can help resolve
each of these issues, to some extent.

A study from the same group of investigators at the University of Pittsburgh
used computerized neuropsychological testing to assess the brain function of ath-
letes prior to the start of the season, in what is now known as a “baseline” test, and
after a concussion occurred, in what is now known as a “post-injury” test. Their
study revealed that nearly 19 percent of athletes who reported having no residual
symptoms after a sport-related concussion still had abnormal neuropsychological
test scores. These findings are significant. They show that athletes who report
being symptom-free have not always recovered their full brain function. Incorpo-
rating computerized neuropsychological testing into a full concussion manage-
ment program allows sports medicine clinicians to detect those athletes who,
despite reporting full resolution of their symptoms, are still concussed.

A few points should be noted about neuropsychological testing in the assess-
ment and management of sport-related concussion. First, it is only one of several
tools clinicians use when managing an athlete who has sustained a concussion.
The assessment of sport-related concussions should also include: a thorough
medical history detailing how the injury occurred and the details of previous con-
cussions; a thorough neurological physical examination to assess for other associ-
ated injuries; a thorough and honest symptom inventory; and a standardized
balance assessment. Limiting the assessment to only one or two of these compo-
nents of concussion assessment denies athletes the safest and best medical care.
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Too often, I hear news reporters saying an athlete is “taking a concussion
test” to see if he can return to his given sport. This is a misleading statement.
Athletes who perform well on these neuropsychological tests, even those who
reachieve their baseline scores, will often require further recovery time. An ath-
lete who is still experiencing symptoms, for example, will require further recov-
ery time. Athletes who still have poor balance as compared to their preseason
balance will require further recovery time. Athletes who have been out of train-
ing for several weeks or months due to their injury will need to regain their for-
mer strength, agility, speed, timing, and coordination before returning to their
activity. Finally, athletes who have sustained multiple concussions, severe symp-
toms after their concussions, significant cognitive dysfunction after their concus-
sions, or prolonged recovery times will often require further time out of contact,
even after their cognitive function has returned to baseline.

There is some debate as to when post-injury tests should be performed. If
the test is being used solely to decide whether or not an athlete should be
returned to play, then there is little point in conducting the test before the ath-
lete’s symptoms have completely resolved and his or her balance has been
restored to its baseline level. Those athletes who still have poor balance or still
have concussion symptoms will not be returned to sports no matter how well
they perform on their neuropsychological tests. Thus, some clinicians will only
perform these assessments when an athlete’s symptoms have resolved and bal-
ance has been recovered. However, the tests may have other uses. For example,
student athletes will have homework, quizzes, tests, term papers, and other aca-
demic assignments during their recovery. Thus, when deciding how much
schoolwork they should undertake, and which academic accommodations
should be put into place, computerized neuropsychological tests can be helpful.
They may be performed prior to symptom resolution and balance recovery
under these circumstances. In some cases, where schools are reluctant to put
academic accommodations in place, these tests can serve as objective, quantita-
tive evidence that the athletes are suffering from cognitive dysfunction. This will
often help to convince schools of the need for accommodations during the
recovery period.

Nearly all athletes should have baseline neuropsychological testing
performed, prior to the start of the season. When we first started the Sports
Concussion Clinic in the Division of Sports Medicine at Children’s Hospital
Boston, it never occurred to me the type of athletes we would be seeing. Cer-
tainly, I expected to see athletes playing football, ice hockey, rugby, lacrosse, soc-
cer, basketball, and baseball. But I didn’t fully realize how many patients
I would see who sustained their injuries cycling, horseback riding, skiing, snow-
boarding, figure skating, and cheerleading. And it would never have occurred to
me that I would see athletes who had sustained their concussions from swim-
ming, dancing, rowing crew, and sailing. The more I practice medicine, the more
I realize concussion occurs in all sports. Therefore, I would recommend any
athlete to seek baseline computerized neuropsychological testing.
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Certainly, some sports carry a higher risk of concussion than others. I would
strongly recommend baseline computerized neuropsychological testing for all
athletes engaged in collision and combat sports. Collision sports, as discussed
in chapter 1 are those sports in which the delivery of blows to the body is a
purposeful part of the sport. Common examples of collision sports are:

American football
men’s ice hockey
men’s lacrosse
rugby

Combat sports are those in which to athletes are engaged in a fight, albeit
with specific rules and guidelines, supervised by a referee. Common examples
of combat sports are:

boxing
mixed martial arts
karate
judo
wrestling

Furthermore, I would strongly recommend baseline testing for contact
sports. Contact sports can be divided into two categories. Those in which con-
tact occurs accidentally, meaning it is not a part of the activity, and those in
which contact occurs incidentally, meaning it is a known, accepted part of the
game but purposeful blows are not delivered. Common examples of sports in
which contact is possible but is rare and accidental are:

skiing/snowboarding
horseback riding
pole vaulting
sailing
skateboarding
bicycling
gymnastics
cheerleading
springboard diving

Common examples of contact sports in which contact is an incidental but
expected and accepted part of the game are:

soccer
baseball/softball
basketball
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water polo
women’s lacrosse
women’s ice hockey
field hockey

In addition, I strongly recommend that all athletes who have sustained one
concussion at some point during their lifetime undergo baseline computerized
neuropsychological testing after they are recovered and before they return to
sports of any kind. As already discussed in this book, athletes who have sustained
one concussion are at increased risk for another. It would be unfortunate if these
high-risk individuals were not managed with the best possible available means.
Therefore, if possible, any athlete who has suffered one concussion should
undergo computerized neuropsychological baseline assessment after he or she
has recovered, before being cleared for participation in further sports activity.

In summary, neuropsychological testing is used to assess an athlete’s brain
function both before and after injury. It is one of several tools used to diagnose
a concussion, monitor recovery from a concussion, and safely return an athlete
to play after a sport-related concussion. Computerized neuropsychological tests
are accurate, convenient, and represent a huge advancement in the manage-
ment of sport-related concussions. They enable sports medicine clinicians to
detect additional persistent concussions that may have been otherwise miscate-
gorized as recovered. They are one of several tools used to assess and monitor
recovery after a sport-related concussion. Most, if not all, athletes should
undergo baseline neuropsychological testing. Athletes in high-risk sports and
athletes who have sustained previous sport-related concussions should strongly
consider having baseline neuropsychological testing performed.
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7

The Acute Assessment and

Management of Sport-Related

Concussion: What Do I Do

When an Athlete Sustains

a Concussion?

Mixed martial arts fighters B. J. Penn and Caol Uno were nearly identical in
weight at 154 and 153 pounds respectively. Penn was approximately two inches
taller. At the time, Uno had more experience. No one expected that the fight
between them which was held on 2001 would last only 10 seconds.

In an exciting, energy filled start, Uno sprinted across the ring as soon as the
bell rang. He leaped in the air and tried to connect a flying kick to Penn’s face.
But Penn brushed it aside, and advanced toward his opponent. Only seven sec-
onds into the fight, Penn landed a left jab on the chin of Uno, twisting Uno’s
head rapidly to his left. Caol Uno stumbled backward, dazed, disoriented, off
balance, stunned. He fell to the canvas where Penn unleashed a flurry of power-
ful rights to Uno’s face until referee Larry Landless was forced to jump in and
end the fight, a mere 10 seconds after it started.

Caol Uno was concussed.
Many readers will have seen similar knockouts during boxing or mixed mar-

tial arts bouts. But few will know what happens after the match. Few will know
how a concussion should be responded to medically. Few will know what to do
if a concussion occurs.

This chapter discusses an ideal approach to the assessment and management
of sport-related concussions. It will review several different methods of evaluation
and all the facets of care for an injured athlete. No program, physician or clinic will
employ all of these resources, as many are simply different ways of doing the
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same thing. Only certain methods may be used by your caregivers, depending on
the risk of concussion in a given sport, the available team resources, the knowl-
edge and skill of personnel caring for athletes, and other factors. Often, sports
medicine physicians, athletic trainers, internists, pediatricians, neuropsychologists,
neurosurgeons, neurologists, and other medical personnel will use only some of
these methods of evaluating athletes who have sustained concussions. For most
concussions, which resolve readily without intervention, minimal therapy is all
that will be required. Athletes who have more significant symptoms or longer
recovery times may be referred to a specialty concussion clinic where a more
complete evaluation may be performed and further therapies may be offered.

The assessment and management of concussion starts even before the first
game of the season. Several measures, which can later be used to assess a poten-
tial injury, can be employed at the start of the season, before the athletes are at
risk of sustaining a concussion.

It can be difficult for an athletic trainer or team physician to determine whether
or not an athlete has sustained a concussion. Athletes often do not report their
concussions to anyone. Some even lie about their symptoms when asked. In fact,
a study of high school athletes conducted in 2004 by neuropsychologist Michael
McCrea revealed that less than half of concussed athletes reported their injury.
There are various reasons for this. Many do not recognize that their symptoms
are due to a concussion. Even those who are knocked unconscious often do not
recognize they have sustained a concussion. Many do not realize that a concussion
is an injury to the brain. Since symptom reporting is a major part of diagnosing and
managing a concussion, the lack of reporting makes it difficult for medical person-
nel to properly manage sport-related concussions. As noted, in order to help deter-
mine whether an athlete has sustained a concussion, athletic trainers or team
physicians will often perform assessments of symptoms, balance, and brain func-
tion before the start of the season. These assessments can then be repeated
in the event of a suspected concussion in order to assist these clinicians in making
the diagnosis. They can be repeated further, to help monitor recovery.

Most sport-related concussion protocols will include the following assess-
ments prior to the start of the season:

1. A symptom inventory
2. A balance assessment
3. A sideline concussion assessment tool
4. A neuropsychological assessment

Each of these is discussed further below.

SYMPTOM INVENTORIES

A symptom inventory is a measurement of the symptoms most often experi-
enced by athletes after suffering a concussion. The most common symptom
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after a concussion is headache. Other common symptoms include insomnia, diz-
ziness, amnesia, confusion, difficulty with memory, and difficulty concentrating.
Figure 7.1 contains many of the symptoms associated with concussion. The
symptom inventory will often be collected at the beginning of the season.
It can be used in two ways. Some clinicians will ask athletes to report any
symptoms they are having at the time of their baseline assessment. Thus, if they
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Figure 7.1
An Example of a Symptom Inventory.

Post Concussion Symptom Scale

The following scale is to assess the symptoms which are due to your concussion.
Please rate only those symptoms you have experienced in the last 24 hours.

None Mild Moderate Severe

Headache 0 1 2 3 4 5 6

“Pressure in head” 0 1 2 3 4 5 6

Neck pain 0 1 2 3 4 5 6

Balance problems or dizziness 0 1 2 3 4 5 6

Nausea or vomiting 0 1 2 3 4 5 6

Vision problems 0 1 2 3 4 5 6

Hearing problems/ringing 0 1 2 3 4 5 6

“Don’t feel right“ 0 1 2 3 4 5 6

Feeling “dinged” or “dazed” 0 1 2 3 4 5 6

Confusion 0 1 2 3 4 5 6

Feeling slowed down 0 1 2 3 4 5 6

Feeling like “in a fog” 0 1 2 3 4 5 6

Drowsiness 0 1 2 3 4 5 6

Fatigue or low energy 0 1 2 3 4 5 6

More emotional than usual 0 1 2 3 4 5 6

Irritable 0 1 2 3 4 5 6

Difficulty concentrating 0 1 2 3 4 5 6

Difficulty remembering 0 1 2 3 4 5 6

Sadness 0 1 2 3 4 5 6

Nervous or anxious 0 1 2 3 4 5 6

Trouble falling asleep 0 1 2 3 4 5 6

Sleeping more than usual 0 1 2 3 4 5 6

Sensitivity to light 0 1 2 3 4 5 6

Sensitivity to noise 0 1 2 3 4 5 6

Other 0 1 2 3 4 5 6



had a headache, or were light-headed at the time of the baseline, they would
record these symptoms. Other clinicians ask athletes to only record those symp-
toms that are due to a concussion. Thus, all athletes who were not recovering
from a concussion at the time of their baseline assessment would rate a zero
for all symptoms. Athletes asked to fill out a symptom inventory, should follow
the instructions of the person administering it.

Although many symptom inventories exist, most are similar. Figure 7.1 is an
example of the symptom inventory we use at the Sports Concussion Clinic in the
Division of Sports Medicine at Children’s Hospital Boston. It is based on the
post-concussion symptom scale developed by the international conferences on
concussion in sports.

BALANCE ASSESSMENT

There are several ways to perform balance assessments. Perhaps the easiest
and most available method was described by the Third International Consensus
on Concussion in Sports held in Zurich, November 2008. It is a modified
version of the balance error scoring system developed by athletic trainer Kevin
Guskiewicz and his colleagues. In order to perform the assessment, the exam-
iner needs to have a stopwatch. Athletes are asked to perform three specific
stances for 20 seconds each. Athletes should remove shoes, athletic taping,
ankle braces, etc., prior to the start of the test.

The first stance requires athletes to stand with their hands on their hips, their
feet together, and their eyes closed. The second stance requires athletes to stand
on their nondominant foot. The dominant foot is the foot generally used to kick a
ball. The opposite foot is known as the non-dominant foot. Since my preferred foot
for kicking a ball is my right foot, my non-dominant foot would be my left one.
Again, athletes must have their hands on their hips, their eyes closed, and must
hold the stance steady for 20 seconds. The third and final stance requires athletes
to standwith one foot in front of the other. In this position, the non-dominant foot is
placed behind the dominant foot. Once again, athletes must place their hands on
their hips, close their eyes and hold the stance for 20 seconds.

During each of three 20-second trials, an error is recorded for athletes if

1. Their hands are taken off of their hips.
2. They open their eyes.
3. They take a step, stumble, or fall.
4. They move their hip too far to one side.
5. They lift their toes or heel off of the ground.
6. They remain out of the stance for more than five seconds.

The total number of errors per trial is recorded, with the maximum allotted
number of errors per stance being 10. The official balance examination score
is 30 minus the number of errors recorded. For example, if an athlete has
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impeccable balance, and does not commit any errors, he would score a perfect 30.
If another athlete opened her eyes during the first stance, stumbled during the sec-
ond stance, lifted her heel off the ground later in the second stance, and performed
perfectly in the third stance, she would have committed three total errors. Her
final balance examination score would be 27.

There are other ways of assessing balance. Several machines can measure the
amount of sway or rocking a person does when standing in certain positions. But
these machines and the associated computer software can be fairly expensive.
Often these are cost prohibitive for smaller, less well funded athletic programs.
Even a television video game device known as the Wii Fit can be used to assess
balance. In fact, the Wii Fit has even made its way into the medical literature in
this regard. But currently, the modified Balance Error Scoring System is the
most thoroughly studied, most easily understood, and most readily available
for use in managing sport-related concussions. It is best used, by obtaining a
baseline BESS score, prior to the start of the season, when an athlete is healthy.
Then, repeated scores after a concussion can be used to monitor recovery.

SIDELINE CONCUSSION ASSESSMENT TOOLS

It can often be unclear when a concussion has occurred. Athletes do not
always recognize the signs and symptoms of concussion. Even when they know
they have sustained a concussion, they are often reluctant to report it for fear of
losing playing time, their position on the team, the respect of their teammates,
the respect of their coach, their reputation for toughness, and various other rea-
sons. Even when athletes report signs and symptoms such as headaches, light-
headedness and poor balance during a game, it can be difficult sometimes to tell
whether the athlete has sustained a concussion or the symptoms are due to
something else, like dehydration. Sideline concussion assessment tools were
developed in order to assist on-site medical personnel in diagnosing a sport-
related concussion. They are intended to be used at the sideline or rink side
during practice or competition when an athlete is suspected of having sustained
a sport-related concussion. During practice and game times, athletes are often
tired, sweaty, dehydrated, and distracted. Therefore, the best time to perform
baseline sideline concussion assessments is in the middle or near the end of a
practice. This helps account somewhat for these factors. There are several
standardized sideline concussion assessment tools. We will discuss some of the
more commonly used versions below.

Many readers will recall being struck in the head during athletics when they
were younger. If you received any medical attention at all, it was likely a con-
cerned parent, coach, or, if you were lucky, an athletic trainer. I remember this
from when I was a kid. They might shine a light in your eyes. They might ask
you your name, where you were, what day of the week it was, what time it
was, or who the president was. These types of questions were designed to deter-
mine whether or not the athlete was “oriented” to person (who he or she was),
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place (where he or she was) and time (what day of the week and time of day it
was). These were not difficult questions to answer, even for players who were
concussed. Furthermore, the answers mattered little. Even when you got them
wrong, people simply laughed and had you rest for a while, only to be returned
to your sport later on that same day. At the time, concussion was not thought to
be an injury of any consequence.

THE MADDOCKS QUESTIONS

As we learned more about concussions, about the potential for complications
after a concussion, about prolonged recoveries from concussions, and about the
potential long-term effects of sustaining multiple concussions, sports medicine
personnel started to develop better ways for determining whether or not an ath-
lete had sustained a sport-related concussion. In 1995, an Australian named
David Maddocks, out of the University of Melbourne, compared the answers
to these questions, which assessed orientation, to the answers of questions
regarding more immediate memory. His study was conducted on Australian
rules football players who had sustained concussions. Specifically, the questions
he used to judge recent memory were

1. At which ground (field) are we (playing)?
2. Which quarter is it?
3. How far into the quarter is it—first, middle, or last 10 minutes?
4. Which side kicked the last goal?
5. Which team did we play last week?
6. Did we win last week?

He found that concussed athletes found the questions pertaining to recent
memory more difficult to answer than the questions used to determine general
orientation. These questions have since come to be known as the “Maddocks”
questions. They must be tailored for other sports. For example, to use them
during an ice hockey match, one would have to replace “quarter” with “period.”
They are currently used by many sports medicine clinicians to help determine
when an athlete has sustained a concussion.

They are included in the Sport Concussion Assessment Tool version 2 (SCAT 2)
discussed further below.

Standardized Assessment of Concussion (SAC)

The Standardized Assessment of Concussion, or SAC, was developed by a
neuropsychologist named Michael McCrea. This sideline assessment has four
main components, used to assess orientation, immediate memory, concentra-
tion, and delayed recall (delayed memory). The general orientation component
assesses whether or not the athlete is able to recall the month, date, day of the
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week, year, and approximate time of day. In the assessment of immediate
memory, athletes are asked to recall a list of five words that were given to them
by the examiner. While assessing concentration, athletes are asked to perform
certain tasks, such as repeating a string of digits given to them by the examiner
in reverse order. Reciting the months of the year in reverse order is another task
for assessing concentration. In the delayed memory section, athletes are asked
to recall the five words they were given previously. Each section is scored. The
scores from each section are summed to give a total score. The test is meant
to be performed at the start of the season. The preseason score serves as a base-
line. Athletes suspected of having sustained a concussion repeat the test. Their
post-injury score is then compared to their preseason baseline score.

Like all sideline assessment tools, the SAC is meant to be performed during a
practice or competition in the event of a suspected concussion. Therefore, base-
line scores should be obtained in similar circumstances, when an athlete has
been working out and may be tired, may be mildly dehydrated, or may have
decreased energy reserves, in order to simulate competition and practice condi-
tions. Like the Maddocks questions, the SAC has also been incorporated into
the Sport Concussion Assessment Tool version 2.

Sport Concussion Assessment Tool (SCAT and SCAT 2)

In 2004 a group of sport-related concussion experts met in Prague, Czech
Republic, to “provide recommendations for the improvement of safety and
health of athletes who suffer concussive brain injuries.” In the summary and
agreement statement from this meeting, the Sport Concussion Assessment Tool
(SCAT) was published. It was developed by combining aspects of previous
existing tools. The same group met again in Zurich, Switzerland in 2008, and
updated the tool, publishing the second version, or Sport Concussion Assess-
ment Tool 2 (SCAT 2), shown in Appendix 1. Designed to be used by medical
and health professionals, the SCAT 2 contains the SAC and the Maddocks ques-
tions, discussed above., Because it is not subject to copyright restrictions, it is
also available for free on the World Wide Web.

The SCAT 2 is the longest and most comprehensive of the sideline assess-
ments. As noted, it incorporates several of the other available sideline assess-
ments. It starts with a symptom inventory. It takes into account whether or not
the athlete had gross imbalance or a loss of consciousness. It includes the
Glasgow coma scale discussed in chapter 1, which is not useful in predicting
recovery or long term effects from concussion but is highly useful in the imme-
diate assessment of an acutely injured athlete. From there, it continues on to the
Maddocks questions and Standardized Assessment of Concussion discussed
above. It includes the modified Balance Error Scoring System and some well
known neurological tests of physical coordination. The numbers of points ath-
letes score on each section are added to yield a total, which can be compared
to baseline scores. Finally, the SCAT 2 concludes with a summary and advice

The Acute Assessment and Management of Sport-Related Concussion 73

www.Ebook777.com

http://www.ebook777.com


that can be given to the athlete. While these sideline assessment tools help
medical personnel assess potential sport-related concussions, they are not used
alone. A medical history, a physical examination, a symptom inventory, a side-
line assessment, a balance assessment, and computerized neuropsychological
testing should all be incorporated into a detailed concussion assessment and
management protocol.

Often, sports medicine professionals will also ask athletes about their “con-
cussion history” prior to the start of the season. A concussion history is a sum-
mary of any previous concussions, in or outside of sports, that the athlete has
sustained. How many concussions the athlete has sustained, how long it took
the athlete to recover from each, how each concussion occurred, when each
concussion occurred, how significant the signs and symptoms of concussion
were after each injury—these are all important details that will be used to deter-
mine management of future sport-related concussions. Many times, this concus-
sion history will be obtained as part of the overall pre-participation physical
examination.

Finally, a neuropsychological assessment should be performed on athletes
prior to the start of the season. Although many sideline assessments include
some neuropsychological tests as one of their components, these tests are brief
and, at times, cursory. They consist of large or gross assessments of brain func-
tion. Many athletes, even after sustaining a sport-related concussion, will be
able to perform the tasks required by these sideline assessments prior to being
fully recovered. Therefore, more complete and thorough neuropsychological
tests should be performed prior to the start of the season. Most often, these will
be computerized neuropsychological assessments. Currently, there are several
computerized neuropsychological assessments available for purchase. The most
common ones are

• Immediate Post-concussion Assessment and Cognitive Testing (ImPACT)
• Concussion Resolution Index (CRI), developed by HeadMinder
• CogSport

Although much of the literature discussing computerized neuropsychological
assessments includes the automated neuropsychological assessment metrics
(ANAM), ANAM is used mainly by the U.S. Army Medical Department. At the
time of this writing, I do not believe it is available for commercial use, although
this may change in the future.

So, we now know some of the assessments and measurements that will be
performed prior to the start of the season. These can be used to diagnose a con-
cussion or monitor an athlete’s recovery after a concussion. Let us now discuss
what may happen when a concussion occurs.

Concussion is the most common brain injury in sports. But it is not the only
one. Athletes can sustain skull fractures, often with bleeding in and around
the brain. Even without a skull fracture athletes can suffer bleeding in and
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around the brain. They can suffer swelling of the brain. They can sustain a
bruise of the brain. They can sustain a neck injury, including fractures of the
cervical spine, which is the portion of the spine contained within the neck. Frac-
tures of the cervical spine can be associated with damage to the spinal cord.
Therefore, when an athlete sustains an injury to the head, the first concern of
the medical team is not whether or not the athlete has a concussion. More
immediate, time-sensitive issues need to be assessed for, evaluated, and treated,
before consideration of a concussion. At the end of this chapter, I will present an
example of an acute sports injury after a blow to the head, describing how it
might be properly assessed and managed.

All personnel in the medical field are trained to respond to an acute injury in
an organized fashion. The most pressing, emergent potential issues are assessed
and treated immediately. Once all life-threatening issues have been addressed,
the assessment continues, often focusing on less emergent injuries. An easy
way clinicians use to remember the start of the emergency response is “A B C.”

“A” stands for airway. When medical personnel arrive at the scene of an
acutely injured athlete, the first task is to assess the airway. This means making
sure that the mouth of the patient is open, and that nothing is blocking the flow
of air from the mouth to the lungs. This is particularly important in an athlete
who has sustained a head injury. When athletes are knocked unconscious, espe-
cially if they are lying on their backs, their tongue, tonsils, soft palate, other
structures in the mouth, as well as objects such as tobacco products, chewing
gum, teeth knocked loose at the time of impact, or mouth guards, may move
to the back of the throat. These tissues and objects can block the flow of air
from the mouth and nose to the lungs. This will prevent the patient from breath-
ing. These tissues and objects must be cleared away from the airway, in order
for the patient to breathe. As a result, you may see the athletic trainer, team
physician, emergency medical technician or other medical response personnel
remove the mouth guard, remove any other objects in the mouth, and position
the patient’s jaw in such a way that air can flow freely to the lungs.

For readers who have taken courses in first aid, wilderness medicine, or
cardiopulmonary resuscitation (CPR), this may sound familiar. You may even
recall some of the skills you were taught to reposition the airway. One of the
more common is called the chin-lift maneuver. However, when an athlete is
unconscious after an injury to the head, we do not perform the chin-lift maneu-
ver. The chin-lift maneuver results in movement of the cervical spine. When
athletes are unconscious after a blow to the head, they may have also injured
or fractured their cervical spine. When the cervical spine is fractured, any inap-
propriate movement of the neck may make the fracture worse, and may result
in damage to the spinal cord. Therefore, methods for clearing the airway that
do not result in movement of the neck and cervical spine are preferred. Most
commonly, the jaw-thrust technique is used.

In order to perform the jaw thrust maneuver, medical responders place their
fingers behind the jaw bone, just underneath the ear lobes. The jaw is then
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pushed forward, such that the lower teeth move forward. The tongue and other
tissues are brought forward with the jaw, thus clearing them from the airway,
allowing air to pass through to the lungs, with minimal associated movement
of the neck. Although this looks awkward and uncomfortable for the patient,
it is a life-saving maneuver. It is important that parents, coaches, teammates
and other caring spectators allow the medical team to do their work, without
interfering. Any attempts to stop or interfere with the medical responders can
result in catastrophic outcomes, including death and paralysis.

“B” is for breathing. Once the airway has been cleared of the tongue, other
tissues, and other objects, the medical responder will make sure that the patient
is breathing. Breathing is most often assessed by

1. Looking to see if the patient’s chest is rising and falling as it typically does when
a person breathes.

2. Listening for the sounds made in the chest when a person breathes. This may
be accomplished by placing a stethoscope on the athlete’s chest or by simply
placing an ear directly against the athlete’s chest.

3. Feeling for the rise and fall of the chest. This is most often accomplished by the
medical responder resting his or her hand on the athlete’s chest.

4. Feeling for the flow of air from the mouth. This can be accomplished by the
medical responder placing his or her hand or cheek in front of the mouth and
nose of the injured athlete.

If the athlete is not breathing, the medical responder will assist the patient
with breathing. Again, there are several ways of doing this. One way is by giving
rescue breaths or mouth-to-mouth resuscitation, where the medical responder
seals his or her mouth with that of the athlete and blows air into the injured ath-
lete’s mouth, through the throat, and into the lungs. More commonly, the medi-
cal responder will place a mask over the mouth of the athlete. This mask is
attached to a bag of air. When the bag is squeezed, air from inside the bag trav-
els through the mask, into the patient’s mouth, through the throat, and into
the lungs.

Once the athlete is breathing, the medical responder will proceed to “C.”
“C” is for circulation. Once it has been determined that an athlete’s airway is

clear and the athlete is breathing, the medical responder will assess for a heart-
beat. This is most often accomplished by feeling for a pulse, either in the ath-
lete’s wrist or neck. If there is no pulse, the responder will try to pump blood
from the heart to the rest of the body by performing “chest compressions.”
During chest compressions, the responder will apply pressure to the heart by
pushing the portion of the athlete’s chest that lies directly over the heart down
several inches. This pressure is then released by letting go of the chest. When
the heart is squeezed like this repeatedly, blood flows out of the heart, through
the arteries, and supplies blood to the remainder of the body, including the
brain. Again, it should be emphasized that while this appears awkward and
uncomfortable for the athlete, it is a potentially life-saving technique.
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Spectators must not interfere with emergency responders during one of these
situations.

It should be noted that recent changes in these techniques have focused less
on assisting breathing, and more on performing chest compressions to assist
with circulation. The order of these responses may differ, depending on the
current recommendations, the skills of the responder, the number of medical
personnel available, and the immediate needs of the athlete.

Although the above assessment and resuscitation strategies can seem com-
plex when reading about them, they can be performed quickly by trained and
experienced personnel. In an athlete who is conscious, the airway, breathing,
and circulation can be assessed simply by asking an athlete, “how are you?” If
the athlete answers, then the medical responder knows that the airway is open,
the athlete is breathing, and the heart is beating. Therefore, the remainder
of the assessment can begin.

The remainder of the assessment after trauma is detailed and can seem com-
plex to those unfamiliar with medical terminology and procedure. For the
reader who is not medically trained, it would require an extensive discussion.
Therefore, it is not included here. For those interested in learning more about
the medical response to trauma, several articles and books are available and
included in the suggested readings section at the end of this chapter.

Many times, an athlete who sustains a blow to the head shows more subtle
signs or experiences more subtle symptoms, than those requiring the responses
described above. If it is clear early in the evaluation that there are no signs or
symptoms of bleeding in the brain, cervical spine injury, swelling of the brain,
or other emergent issues, the medical responder then focuses on whether or
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A NOTE TO THE MEDICALLY TRAINED: For those readers who have taken courses
in cardiopulmonary resuscitation or other medical interventions I would like to add a word
of caution. Many athletic events will have medical personnel on the scene. These medical
professionals will be well trained in the assessment and management of patients who sus-
tain trauma. In addition, those who routinely cover these events will be well trained and
knowledgeable about the unique injuries sustained by athletes and the unique techniques
that must be used to assess and manage athletes. The response to trauma and resuscitation
of athletes differs in several ways from the response to and resuscitation of other patients.
In particular, athletes wearing bulky padding and athletic equipment, must be managed
according to different protocols than non-athletes who sustain trauma. If such medical per-
sonnel are present, it is best to allow them to do their work without interfering. Many spec-
tators who are medically trained will want to help or assist in these situations. Unless they
have particular experience in the response to an injured athlete, however, they are more
likely to cause harm than to be helpful. I have seen many well-meaning nurses and other
medically trained spectators delay treatment and create unnecessary chaos during the
response to an injured athlete by trying to assist.



not the athlete has sustained a concussion. Often, it is obvious that the player
has sustained a concussion. But sometimes it is not. The medical team may
use some of the preseason assessments discussed above to decide whether or
not an athlete has sustained a concussion.

In a conscious athlete, medical personnel will often start by determining
whether or not the athlete is oriented. As described previously, the term “orien-
tation” refers to a person’s understanding of his or her current surroundings
and circumstances, often focusing on person, place, and time: Do athletes know
1) who they are, 2) where they are, and 3) what time of day, week, month, or
year it is? In order to test an athlete’s orientation, medical personnel often ask
some basic questions such as

• What is your name?
• Where are you right now?
• What time of day is it?
• What day of the week is it?
• What is today’s date?
• Who is the president of the United States?

This gives on-site medical personnel an immediate, but very broad, general
insight into an injured athlete’s brain functioning. The athlete’s failure to answer
these basic questions correctly can be a sign of serious injury, and will often
prompt a more urgent medical response. If an athlete is oriented, the medical
responder will often assess for the signs and symptoms of concussion. As a
review, the signs and symptoms of concussion are listed in Tables 7.1 and 7.2.
Remember, the word symptoms refers to the characteristics of illness that are felt
or experienced by the patient. Things like headache, nausea, feeling “out of it,”
and sensitivity to light are all symptoms of a concussion. The word signs refers
to the characteristics of illness which can be seen by those observing the
patients. Unconsciousness, disorientation, confusion, and poor balance are all
signs of a concussion.
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A NOTE ABOUT NECK AND CERVICAL SPINE INJURIES: As mentioned previously,
the “cervical spine” refers to the bones of the spine that reside within the neck. Nerves
cells originating in the brain travel through the neck, forming what is known as the spinal
cord. The spinal cord descends from the brain through the neck and down the back. It
sends nerves to the various parts of the body. Fractures and other injuries to the cervical
spine can damage the spinal cord, resulting in serious, permanent neurological injury.
Athletes who sustain fractures and other injuries to the cervical spine, can suffer perma-
nent paralysis or even death. Therefore, the medical response team takes great care to
avoid unnecessary movement of the neck while responding to and resuscitating an
injured athlete. This concern is heightened in the athlete who sustained a sport related
concussion associated with a change in mental status, confusion, or loss of consciousness.



By looking at these tables, one can see that many of the signs and symptoms
of concussion are associated with other illnesses or medical conditions. Dehy-
dration, which is common during athletic competition, can cause headaches,
dizziness, and sensitivity to light. In order to help distinguish whether or not
an athlete’s signs and symptoms are due to concussion versus some other
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Table 7.1
Common Signs of Concussion.

Signs of Concussion

• Loss of consciousness

• Amnesia, or forgetfulness

• Walking off-balance

• Acting disoriented

• Appearing dazed

• Acting confused

• Forgetting game rules or play assignments

• Inability to recall score or opponent

• Inappropriate emotionality

• Poor physical coordination

• Slow verbal responses

• Personality changes

Table 7.2
Common Symptoms of Concussion.

Symptoms of Concussion

• Headache

• Dizziness

• Difficulty concentrating

• Nausea or vomiting

• Difficulty balancing

• Vision changes

• Sensitivity to light

• Sensitivity to noise

• Feeling “out of it”

• Ringing in the ears

• Drowsiness

• Sadness



medical condition, medical personnel will often focus on the facts surrounding
the onset of symptoms. For example, if an athlete skates off of the ice during a
hockey game and tells the athletic trainer he feels light-headed and has a head-
ache, the athletic trainer will often ask the athlete a series of questions:

1. When did the headache start?
2. Did it come on gradually or did it start suddenly?
3. Were you struck in the head at the time the headache started?
4. Do you feel nauseous?
5. Have you ever felt this way before?
6. How did you feel before the game started?

The answers to these initial questions will often lead to other questions.
The object is to get a full understanding of how the symptoms started, and
how they have the changed since they started. For example, the athlete may
report that he awoke late for class that day and skipped breakfast. He had a
chicken sandwich for lunch without a drink. He was mildly light-headed when
he stood up initially for his line change during the first period. He noticed a
small headache during the intermission between first and second period. It
has since progressed. He has not sustained any major body checks or blows to
the head.

In this case, the athletic trainer may conclude the athlete is likely dehydrated.
He may be offered a sports drink or even intravenous fluids. He may be allowed
to continue playing.

Alternatively, the athlete may report that he felt well all game until he sus-
tained an open-ice body check that lifted him off of his feet, causing him to land
head first on the ice. He experienced the immediate onset of headaches. He rose
up to finish the play and noticed he was light-headed for the first time that day.
He skated off the ice and reported to the athletic trainer.

In this case, the athletic trainer might conclude that the athlete has sustained
a concussion. He would be removed from play and further assessment would
begin.

Typically, medical personnel will assess for signs and symptoms of other
potential injuries discussed above, such as bleeding in or around the brain,
swelling of the brain, and neck or cervical spine injury. If there were no other
injuries, then medical personnel might use one of the symptoms inventories or
sideline assessments discussed above to help decide whether or not an athlete
has sustained a concussion. Sometimes, this will be unnecessary, as the diagno-
sis can be made without the use of these preseason evaluations.
Once the diagnosis of concussion has been made, the athlete should be
removed from play immediately. Continuing to play with a concussion
places the athlete at risk for a prolonged recovery, more pronounced def-
icits in brain functioning, and catastrophic injuries such as second impact
syndrome.
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Once concussed athletes have been removed from play, they should be
monitored for the next few hours. As was mentioned earlier, concussion is the
most common neurological injury in sports. But it is not the only one. Swelling
of the brain, bleeding into or around the brain, and bruising of the brain may
not always be apparent immediately after injury. Occasionally, more extensive
damage to the brain will not be detectable or obvious until minutes to hours
later. Therefore, athletes who have sustained a suspected sport-related concus-
sion should be observed closely and monitored, with designated personnel
checking on them every 15 to 20 minutes for the first few hours after injury.
Often, these neurological checks will be performed by the athletic trainer or
team physician while the athlete remains at field side, rink side, or at the arena.
However, when the contest is over and all athletes are leaving the area of play,
others may be asked to perform monitoring and observation of the athlete.
Teammates, roommates, family members, and others should be asked to mon-
itor the patient over the first 24 hours. Any concerning signs or symptoms
should prompt the athlete to seek emergency medical attention.

Some of the signs and symptoms of more extensive brain injury are

• persistent vomiting or the new onset of vomiting
• somnolence, where the athlete appears sleepy and is difficult to rouse
• persistent confusion, disorientation, or the new onset of confusion or disorientation
• seizure
• appearing abnormal

Although “appearing abnormal” is a vague phrase, it is meant to be so. It can
be difficult to describe exactly what it is abnormal about a traumatically brain
injured athlete. But most people can tell when something is wrong. Most people
have an intuitive sense, an innate ability, to determine sick from nonsick, worri-
some from not worrisome. If ever you get the sense that something is concern-
ing about an athlete suspected of having sustained a sport-related concussion,
seek immediate medical attention. It is better to raise the alarm, if only to find
out that the athlete has a concussion from which he or she will recover com-
pletely than to miss a potentially catastrophic brain injury.

Athletes will recover from concussions spontaneously. At present, there is no
medication or other therapy that is proven to treat concussion. However, there
are some steps athletes can take to avoid worsening of their symptoms and, per-
haps, to help them recover faster.

PHYSICAL REST

After athletes sustain a concussion, they are immediately removed from
sports. Many people believe this is solely so that they won’t hit their heads again
and sustain another concussion. However, there is another reason for removing
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the athlete from sport. For many athletes, physical exertion makes their symp-
toms worse. Even noncontact activities such as running, ice skating, weight lift-
ing, and working out on exercise machines will often make symptoms worse
and, perhaps, prolong recovery. That means that it may take longer for athletes
to recover from their concussions if they are exercising. So as soon as an athlete
has been diagnosed with a concussion, he or she should be removed from all
forms of training and exercise. This will treat the symptoms and, perhaps, help
athletes to recover faster.

COGNITIVE REST

The Merriam-Webster dictionary defines cognitive as “of, relating to, being,
or involving conscious intellectual activity (as thinking, reasoning, or remember-
ing).” Cognitive processes are those that involve thinking, remembering, con-
centrating, or reasoning. Cognitive rest requires avoiding cognitive activities
such as reading, writing, doing homework, playing games such as chess or Triv-
ial Pursuit, playing video games, text messaging, working online, and so forth.
Often the symptoms of an athlete recovering from a concussion will get worse
during these activities. Engaging in cognitive activities may delay recovery from
a concussion. Athletes should be encouraged to avoid cognitive activities while
they are recuperating from a sport-related concussion.

For student athletes, this can be quite difficult. When in school, an athlete is
required to perform cognitive activities on a daily basis. Nearly all schoolwork
requires reading, writing, reasoning, remembering and concentrating. There-
fore, I often recommend athletes stay home from school for several days
immediately following a sport-related concussion. While missing school is
never ideal, students will miss school on various occasions, such as when they
have the flu, when they are vomiting, when a parent takes them on a vacation,
and for many other reasons. Certainly, missing several days of school in order
to recover from a traumatic brain injury is warranted. I recommend no more
than five days of absence from school. Many athletes will be fully or nearly
symptom-free at that point. In fact, nearly 85 percent of high school athletes
report being completely symptom-free and are deemed by their athletic trainer
to be recovered within a week after their injury. The time until recovery is even
shorter for older athletes. Concussed athletes will note significant improvement
in their symptoms after the first several days if they truly rest themselves, avoid-
ing both physical and cognitive exertion. Therefore, no other treatments will be
necessary to treat the majority of sport-related concussions.

Steps to take if you suspect an athlete has sustained a sport-related
concussion:

1. Remove the athlete from play immediately.
2. Take the athlete directly to on-site medical personnel so they can evaluate the

athlete, check for other potential injuries, administer any needed treatments,
and instruct you further.
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3. If there is no on-site medical personnel, take the athlete to a doctor, or, if neces-
sary, call for an ambulance.

4. If medical personnel diagnose the athlete with a concussion, check on the
athlete every 15–20 minutes for the first few hours after injury. If you see any-
thing concerning, call a doctor or, if necessary, an ambulance.

5. Encourage physical and cognitive rest as described above. This should start
immediately and should include an absence from school for the first few days
if the athlete is not feeling better.

6. Schedule an appointment with the athlete’s primary care physician, or, if the
athlete has already been diagnosed with a concussion as opposed to another
illness or injury, a clinician with experience in the assessment and management
of sport-related concussions.

In order to help illustrate some of the points made above, an example of how
an acutely injured athlete might be evaluated and managed on site is provided
here.

Kevin is a 15-year-old football player for a local high school. Although only a
sophomore, he is both fast and strong for his age. He often plays with the varsity
football team. It is late in the third quarter. Kevin’s team is winning by three points.
He has been playing on both sides of the ball, participating in both offense and
defense. Currently, his team is on offense. They have driven down the field to his
opponents’ 17-yard line. As Kevin is the strongest running back on the team, the
coach puts him in. It’s third down. They need a total of four yards to get another first
down. The ball is snapped. The quarterback turns to his left and fakes a handoff to
the halfback. He then pitches back to Kevin. Kevin takes the ball, lowers his shoulder,
and follows the halfback toward the defensive line. The halfback attempts to block
one of the oncoming defenseman. However, he is run down and Kevin is struck
simultaneously by two on-rushing defenders. Kevin’s helmet collides with that of
one of his opponents. He is knocked backward to the ground. The back of his head
bounces off the turf.

Kevin’s teammates immediately realize something is wrong. He is not moving on
the ground. He makes no effort to stand up. They rush to his side and frantically
wave for the coach and athletic trainer to come on to the field. When the athletic
trainer arrives, he sees that Kevin is lying on the ground motionless, not responding
to his name. The athletic trainer sends two of the other players and one of the assis-
tant coaches to call for an ambulance.

Immediately the athletic trainer takes what looks like a pair of pliers from his
bag. He cuts the two rubber bands on the side of Kevin’s helmet which hold the face
mask in place. He removes the face mask from the helmet and puts it aside. He
removes Kevin’s mouth guard, and opens his mouth. Seeing that there are no other
objects in Kevin’s mouth, he listens to see whether or not Kevin is breathing. However
he is unable to hear Kevin’s breath sounds through his jersey, shoulder pads, and
breastplate. He quickly removes a pair of scissors from his medical bag. He cuts
Kevin’s jersey straight down the middle and down each of the sleeves. He cuts the
laces at the center of Kevin’s breastplate as well as the straps around his arms. He
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opens the breastplate, exposing Kevin’s chest. He places his ear on the chest and is
able to hear Kevin breathing both on the right and left sides of his chest. He sees that
Kevin’s chest rises on both the left and right sides. He then holds Kevin by the wrist,
feeling for a pulse, which he notes is present and strong. He moves to Kevin’s head,
grasps his helmet on either side, and prevents any movement of Kevin’s head
and neck.

Two additional athletic trainers arrive around the same time as the ambulance.
The emergency medical technicians place a large plastic board at Kevin’s side. The
emergency medical technicians and an athletic trainer each line up on Kevin’s right
side. When the athletic trainer who is holding Kevin’s head counts to three, they roll
Kevin up on his side. One of the other athletic trainers slides the plastic board up
against Kevin’s side, in the space where he was just lying. Again, the athletic trainer
holding Kevin’s head counts to three. They roll him onto his back, such that he is now
lying on top of the hard plastic board. They attempt to place a hard plastic collar
around Kevin’s neck. Realizing that they cannot place the collar safely, because
Kevin’s helmet and shoulder pads are in the way, they place the collar aside on the
ground. Using the previously cut laces of Kevin’s breastplate, as well as some athletic
tape, they re-secure his shoulder pads to his body. Two padded blocks are placed on
either side of Kevin’s neck. His helmet, shoulder pads, and the remainder of his body
are secured to the hard, plastic board using webbing straps. The board is lifted and
placed into the ambulance. Kevin is transported to a local emergency department.

On the way to the hospital, Kevin wakes up. He is clearly anxious and somewhat
confused. He does not understand why he is in an ambulance. He is visibly anxious.
He continues to ask the ambulance driver where his parents are. He is told multiple
times what occurred at the field and that he is on his way to an emergency depart-
ment. He continues to ask where his parents are. When he arrives in the emergency
department Kevin is much calmer. He is still somewhat confused. He is able to tell
doctors that he was playing in a football game earlier that day. He does not, how-
ever, recall the injury. He does realize he is in an emergency department but cannot
recall which city he is in. Ultimately, his football helmet and shoulder pads are
removed very carefully by the nurses and doctors in the emergency department, such
that they do not cause significant movement of his head or neck. He is placed in a
hard plastic collar.

The doctor in the emergency department asks Kevin multiple questions. He
spends several minutes examining Kevin and having him perform various tasks.
During the examination Kevin’s parents arrive. The doctor explains to them that
Kevin was injured during today’s football game. Although he is somewhat disori-
ented, he otherwise appears well. The doctor tells his parents that as a precaution
he will be observed in the emergency department to ensure that he does not have
any signs or symptoms of other injuries to the brain or neck. If he develops any con-
cerning signs or symptoms, the doctor explains, they will likely get a picture of
Kevin’s brain known as a “head CT.”

Kevin is admitted to the hospital. Periodically throughout the night nurses and
doctors come in and wake Kevin, ask him some questions, and examine him. Over
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the course of the evening and the following morning he returns back to normal. He is
able to answer all questions. He is able to perform all the tasks asked by the doctors
examining him. The doctors feel the back of Kevin’s neck and ask if he has any pain
or tenderness there. He does not. They loosen the collar from around his neck and
ask him to slowly move his head in all different directions, instructing him to stop
if he develops any pain or unusual sensations. Kevin is able to look all around the
room without any difficulty, pain, tenderness, or other unusual sensations. The plas-
tic collar is removed. Although Kevin continues to complain of headaches and diffi-
culty concentrating, he and his parents are informed that this is typical after a
concussion. They expect that these symptoms will resolve over the next several days
to weeks. They discharge him to home, instructing him to follow up with a specialist
in sport-related concussion over the next week or two. They instruct him to avoid all
physical activity, exercising, and football until he sees the specialist. The doctors also
recommend he avoids school, homework, reading, playing video games, working
online, and any other forms of cognitive activity.

Several things are worth noting about the above example:

1. Once the athletic trainer had access to Kevin and confirmed that 1) his airway
was open, 2) he was breathing, and 3) he had a pulse, he immediately focused
his attention on ensuring that Kevin’s head and neck did not move more than
necessary. As discussed above, injuries to the cervical spine and spinal cord
can be devastating. Therefore, this is one of the top priorities of medical per-
sonnel responding to an injured athlete once it has been established that the
airway is open, the athlete is breathing, and that the athlete has a pulse.

2. When Kevin is placed on the hard plastic board for transport to the emergency
department, it is the athletic trainer holding his head and neck in place who
controls his movements by directing the rest of the team when and how to
move Kevin, and by counting to three in order to coordinate the timing of each
movement. This is standard medical practice. Since it is of utmost importance
to minimize any inappropriate movements of the injured athlete’s head and
neck, the person controlling the head and neck determines when all move-
ments take place. Typically, the medical provider will instruct the other medical
personnel to move the patient in a specific way “on the count of three.”

3. Kevin was placed in the ambulance and transported to the emergency depart-
ment without a hard collar placed on his neck. While this may seem surprising
to readers with some medical training, this is the ideal way to transport an ath-
lete with helmets and shoulder pads that inhibit the placement of a hard neck
collar. Multiple medical studies have shown that attempting to place a hard
neck collar, also known as a cervical collar, on an athlete wearing helmets and
shoulder pads can result in significant movement and poor alignment of the
bones of the neck. This movement increases the athlete’s risk for catastrophic
outcome such as spinal cord injury. Although there are situations in which the
helmets and shoulder pads need to be removed on site, they are rare. When
the shoulder pads and helmet need to be removed, then a hard neck collar
should be placed. In ideal circumstances, the athlete will be transported wear-
ing both the helmet and the shoulder pads.
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4. Kevin did not receive a computed tomogram of the head, more commonly
known as a head CT. Many parents, other concerned relatives, and friends of
the athlete will want to be absolutely sure that there is no bleeding or swelling
of the brain. Many more will be under the impression that a doctor can “see” a
concussion on a head CT. Therefore, they will often ask for a head CT. Cer-
tainly, many athletes who present to an emergency department after sustaining
an injury to the head will require a head CT in order to make sure that there
are no such injuries to the brain. However, in order to obtain the pictures of
the brain that make up the head CT, the brain is exposed to radiation. There-
fore, a great deal of thought is put into deciding whether or not an injured ath-
lete requires a head CT. The amount of radiation to which the athlete is
exposed during a head CT is a relatively small. Therefore, if the emergency
medicine physician treating you or your athlete feels a head CT is warranted,
you should not worry about this small amount of radiation. However, if the
doctor in the emergency department does not believe a head CT is indicated,
then it is better not to have one. The decision to obtain or not obtain a head
CT is best left to the doctors examining the injured athlete.

5. When Kevin is discharged from the hospital the doctors who cared for him
during his hospital stay instructed him to avoid physical exertion, cognitive
exertion, and football, until he is cleared to resume these activities by a physi-
cian with expertise in assessing and managing sport-related concussions. This
is an ideal situation. However, with the enormous amount of medical literature
produced every day, and the speed with which medical recommendations
change in response to new discoveries, it is impossible for all physicians to be
up to date and well informed regarding all illnesses and injuries. Therefore,
the doctor caring for your athlete may make recommendations based on older
medical guidelines. This should not alarm you. This is not reflective of the
physician’s intelligence or medical capabilities. It simply reflects the rapid speed
of medical science and the enormous volumes of information in the medical lit-
erature. Doctors need to prioritize those medical issues that are of greatest
importance for their practice. For physicians working in the emergency depart-
ment or in the hospital, it is most important to make sure that any emergent
issues are realized and treated. Therefore, this will be the focus of their efforts.
This will be the medical literature with which they will be most familiar. After
leaving the hospital, you should schedule a follow-up appointment with your
primary care physician, a sports medicine physician, or other clinician experi-
enced in the assessment and management of sport-related concussions. These
doctors can give you the up-to-date information on recovering from a sport-
related concussion.

In summary, the assessment of sport-related concussions should start prior to
the start of the season by obtaining baseline measurements of athletes’ symp-
toms, balance, and neurocognitive function. There are several available tools
to help clinicians make and record these measurements. When a suspected con-
cussion occurs, the first priority of the responding medical providers is to make
sure there are no emergent injuries that require immediate assessment and
management. Once any emergent issues have been addressed, medical
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providers will determine whether or not a concussion has occurred. Athletes
who have sustained a sport-related concussion should be immediately put on
both physical and cognitive rest. They should be monitored for the first
24 hours after injury, and monitored closely by a clinician for the first few hours
after injury. Any concerning signs or symptoms should result in immediate
medical attention. Most athletes will recover from sport-related concussion
quickly, within days to weeks, requiring only physical and cognitive rest in order
to fully recover.
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Potential Therapies: What Can Be

Done to Help My Athlete Recover?

On May 26, 2010, the Boston Celtics were playing the Orlando Magic in Game 5
of the Eastern Conference finals. Orlando center Dwight Howard pulled up for a
shot. As he descended, his left elbow struck the Celtics forward Glen “Big Baby”
Davis in the face. Davis lay on the ground for several seconds, staring into space.
His first attempt to stand resulted in his simply lifting his head and shoulders up,
only to relax back shortly. The second time he attempted to stand, he scurried
along on all fours, unable to get his feet underneath his large, powerful frame.
When he was finally able to get to his feet, he stumbled off to his left, visibly off
balance, away from the play, until he collapsed into the arms of an official. His
teammates came to support him. But he was so unsteady on his feet, he ultimately
was placed on the ground to be assessed by the team’s sports medicine staff.

Glen Davis was concussed.
As with most concussed athletes, Glen Davis was prescribed physical rest,

which not only kept him from sustaining another injury to the head but also
hastened his recovery.

While most athletes will recover quickly from their sport-related concus-
sions, some will have a more prolonged recovery period. Approximately 2 per-
cent of high school athletes who sustain a sport-related concussion will have
symptoms that last longer than a month. Some of these athletes will take many
months to recover, even up to a year. For this unfortunate minority, there are
many other considerations.

PHYSICAL REST

As noted previously, physical rest is one of the ways concussed athletes can
help themselves feel better and recovery more quickly. Avoiding physical activ-
ity for the first several days is usually not much of an issue or challenge. More
prolonged periods away from exercise, however, can be challenging.



Athletes who are in school must be excused from gym class. This will often
require a note from a physician. If possible, recess should be allowed, but moni-
tored, so that the athlete is safe, without an increased risk of trauma to the head
or over-exertion leading to an exacerbation of symptoms. Under no circumstances
should athletes be cleared for return to contact or collision sports before they are
completely recovered from their concussions.

In addition to the avoidance of exercise, increasing the amount of time spent
sleeping may help athletes who sustain a sport-related concussion recover faster.
If an athlete typically sleeps 8 hours per night, increasing to 10 or more hours a
night may help with recovery. Some athletes find sleeping for such a long period
difficult. In those cases, taking a nap during the day may help the athlete get some
extra sleep during his or her recovery. Unfortunately, insomnia, which is an inabil-
ity to obtain adequate sleep, is a common symptom of concussion. Thus, while
increased amounts of sleep may assist with recovery, they can be hard to obtain.
Some strategies for addressing insomnia are discussed below.

Most athletes enjoy exercise. It improves their mood, their health, their self-
image. In such athletes, a prolonged absence from physical activity can lead to
depression and irritability. When this occurs, counseling with a sports psycholo-
gist is often effective. Through counseling, these symptoms can be alleviated;
and athletes can learn coping strategies to help them deal with their injuries. Occa-
sionally, medications can be considered.

If the recovery period is markedly prolonged, lasting several months, physi-
cians will occasionally allow some athletes to engage in mild aerobic activity as
long as 1) it does not increase the athlete’s risk for injury to the head and
2) it does not make the athlete’s symptoms worse. This is a completely reasonable
practice. Not all concussions are the same. Similarly, the recovery from concus-
sion is not always the same. Athletes who have been recovering from a concussion
for greater than a month and wish to engage in some exercise should discuss this
possibility with the clinician managing their concussion.

COGNITIVE REST

As discussed in the previous chapter, cognitive activities, those that require
thinking, remembering, concentrating, or reasoning, should be avoided during
recovery from a concussion. This will often necessitate an absence from school.
Usually, this can be accomplished without too much trouble for the first few days
after injury. Some athletes, however, will have symptoms that last longer than the
first week after their injury. For these athletes, I recommend they return to school,
but with some assistance and with academic accommodations. Academic accom-
modations are discussed further below.

But first, many people ask, why not keep athletes out of school until they are
completely recovered? There are several reasons why I advise against this prac-
tice. Athletes learn more in school than simply the subjects in which they are
enrolled. They learn to make friends, respect authority, manage a schedule,
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interact with their peers, and socialize. Much of this is learned through less for-
mal means than classroom teaching itself, and can be learned without excessive
cognitive exertion. Furthermore, although many young athletes do not readily
admit it, school is fun. This is where they see their friends and where most of
their social interactions take place. Learning social skills is essential. In fact,
I would argue that learning social skills is ultimately more important in life than
learning the classroom subjects. Don’t get me wrong, learning mathematics,
reading, writing, English grammar, science, and other core subjects is extremely
important. But you can be the most knowledgeable person in the world, and if
you have poor social skills, no one will want to work with you. You will find it
hard to get a job, and even harder to be successful at one. Those who learn to
treat others with respect, to interact with teammates and classmates, to respect
authority, and to stand up for themselves while still being agreeable, are more
pleasant to work with. Thus, they often have an easier time finding a job, and
being successful at a given job.

Reentering into school while still recovering from a concussion, however, is
not an easy task. Schoolwork and homework require the very same activities
that make symptoms worse: remembering, reasoning, concentrating, and think-
ing. Furthermore, the concussed brain is not functioning properly. The speed
with which a concussed athlete is able to process information is reduced. The
ability to concentrate is decreased. Reaction time is slowed. Memory is poor.
Therefore, concussed athletes often have difficulties in school and their grades
suffer accordingly.

In order to help them stay in school, keep up with their course work, and
minimize any negative impacts their concussion might otherwise have on their
grades, concussed athletes are entitled to academic accommodations. These
should be put in place as soon as it becomes clear the athlete will not recover
quickly. Academic accommodations are exceptions to the normal school rules
and timetables that allow concussed athletes to reenter school prior to complete
recovery. Some of the more commonly used accommodations are

1. Giving concussed students preprinted class notes, so they can listen to the
teacher during class, as opposed to concentrating on both listening to the
teacher and copying down all of the information for later reference.

2. Giving concussed athletes extra time on tests and quizzes. Since the speed with
which concussed athletes are able to process information has been slowed, and
the memory of concussed athletes is temporarily diminished, it takes longer to
complete tasks that they were able to complete rather quickly prior to the
injury. Thus, extra time is required to take tests and quizzes during recovery.

3. Offering concussed athletes tutors to help them with their homework. Many
students who have not sustained a concussion take advantage of tutoring.
During recovery from a concussion, tutoring may be helpful.

4. Allowing the athlete to go to the nurse’s office to lie down if concussion symp-
toms increase during the school day. Even with academic accommodations in
place, school attendance can exacerbate symptoms. Rest will help relieve them.
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5. Reducing the athlete’s work load.
6. Offering concussed athletes extensions on their homework assignments. As dis-

cussed, athletes recovering from a concussion will often need more time to
accomplish tasks that once came to them quite readily. Similarly, they will need
to take breaks when their symptoms increase. This prolongs the time needed to
complete assignments. Thus, extensions on these assignments allow the
athletes to complete them properly, and to the best of their capabilities.

7. Some athletes will need to limit their course load. Rather than taking six
or seven courses at a time, some athletes might only be able to manage two
to four courses at a time. They might only attend a half day of school as
opposed to a whole day. When this is necessary, I recommend athletes main-
tain courses that build upon themselves, such as mathematics and science.
You cannot learn how to multiply two numbers each containing multiple digits,
unless you have first learned to multiply two single integers together. Math-
ematics generally builds on itself in this way. It can be difficult to return to math
class in March if you missed the material covered in February. Classes like
English and history tend to be somewhat more forgiving. You can read Animal
Farm , even if you have never read Oliver Twist. Each novel can be read
independently of the other.

There are several other strategies which may help athletes accomplish their
schoolwork while recovering from a sport-related concussion. Many healthy,
uninjured students will complete their homework for the day in one session.
They will sit down at a desk or table for several hours straight and complete
all of their assignments. While this is a perfectly reasonable way of doing it
when healthy, such a long period of concentration, thinking, and reasoning will
often exacerbate a concussed athlete’s symptoms. A better approach during
recovery is to accomplish homework assignments in small chunks of time.
Doing one’s homework in 20-minute intervals with 10–15 minute breaks in
between may help prevent symptoms from worsening.

A few things should be remembered about academic accommodations. First,
they are temporary. When an athlete has recovered, there is no longer a need
for academic accommodations. They should then be discontinued. Second, aca-
demic accommodations are a two-edged sword. While they may seem advanta-
geous to some readers, most athletes dislike them. The athlete is still responsible
for the work covered in class. Academic accommodations allow for the for-
giveness of some minor assignments, and allow the athlete to postpone more
important assignments. But tests, quizzes, and major assignments need to be
made up. And no athletes like the thought of making up weeks’ worth of
quizzes, tests, and homework assignments once they have recovered from their
concussion.

Ultimately, the goal of academic accommodations is to allow concussed stu-
dents to stay in school and keep up with their schoolwork as best as they can
without 1) making their symptoms worse, 2) delaying their recovery more than
necessary, and 3) allowing their grades to decline unnecessarily.
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OTHER POTENTIAL THERAPIES

If you or your athlete is taking a long time to recover from a concussion
despite full physical rest and full cognitive rest, consider seeing a specialist in
the assessment and management of sport-related concussion. Although there
is no medicine that has been shown to effectively speed the recovery form a
concussive brain injury, many of the symptoms can be treated medically. Most
physicians will be unfamiliar with these treatments. Many are still being devel-
oped, and therefore will be unknown to many clinicians. Seeing someone who
specializes in the assessment and management of concussion may open up
other possibilities for treatment. Some specific symptoms are discussed below.

Headache

Headache is the most common symptom of concussion in general and of
sport-related concussion specifically. Often, headaches will resolve within the
first few days to weeks after a sport-related concussion with only physical and
cognitive rest, as discussed. But for some athletes, headaches will persist. Ironi-
cally, those who seem, at first, to have sustained only a minor injury, often suffer
worse headaches afterward, and suffer headaches for a longer period of time,
than those who initially seemed to have a more severe injury.

Obtaining physical and cognitive rest will help alleviate headaches caused by
concussion. Avoiding prolonged periods of concentration, thinking, and reason-
ing can help prevent headaches. Therefore, much like the recommendations
provided here for athletes in school, all athletes should try to break up cognitive
tasks that they cannot avoid into many small chunks of time, as opposed to
focusing on a given cognitive task for one long stretch of time.

In response to post-concussive headaches, many athletes will start taking
common over-the-counter medications such as acetaminophen, ibuprofen, and
aspirin. Certainly, these medications are useful for treating headaches in gen-
eral. They are safe and well tolerated by most patients. However, they should
not be taken routinely to treat the headaches of a sport-related concussion.
They tend to be ineffective in treating post-concussive headaches. Oftentimes,
athletes take these medications three or four times per day in an attempt to alle-
viate the headaches. Once an athlete has been taking these medications multi-
ple times per day for several days or weeks, it can be hard to stop them. Any
attempt to stop the medications will result in “rebound headaches.” Rebound
headaches are similar to withdrawal headaches. Many readers who enjoy cof-
fee, tea, and other caffeinated beverages will be familiar with withdrawal head-
aches. Those who enjoy these drinks daily will often experience withdrawal
headaches when they go a day without caffeine. Similarly, when concussed ath-
letes taking acetaminophen, ibuprofen, or aspirin regularly for headaches try to
stop the medications, they will experience a rebound headache. Athletes will
often mistake these rebound headaches for persistent post-concussive
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headaches. This makes it difficult to determine when the athlete has recovered.
Therefore, for the first few days to weeks after injury, I recommend athletes
respond to the headaches by trying to obtain more rest, and by limiting their
activities. Other medications are more effective for treating post-concussive
headaches that do not resolve over the first few days to weeks, and therefore
become a significant, daily problem.

If headaches persist, and are negatively impacting an athlete’s quality of life,
there are multiple other strategies and medications that can be used to treat the
headaches related to a concussion. Oftentimes, at the Sports Concussion Clinic
at Children’s Hospital Boston, we will offer the athlete a medicine called
amitriptyline. Amitriptyline is most commonly used as an antidepressant, or a
medication given to patients who suffer from clinical depression. However, it
is also effective at treating headaches: migraine headaches, tension headaches,
cluster headaches, and post-concussive headaches. It has been studied specifi-
cally in patients who have headaches after sustaining a concussion. It decreases
the frequency with which patients recovering from a concussion suffer head-
aches. It reduces the intensity of headaches, when they do occur, in patients
recovering from a concussion. In fact, amitriptyline is so useful in treating
post-concussive headaches that often a dose as small as one-tenth of the dose
used to treat depression is effective in reducing the intensity and frequency of
post-concussive headaches. At such a small dosages, amitriptyline tends to be
well tolerated by patients. Side effects tend to be minimal. However, sleepiness
is one side effect that is common, even at the small dosages used to treat post-
concussive headaches. As many patients suffering from post-concussive head-
aches also have insomnia, this side effect can be advantageous. Amitriptyline
can be used to treat both the headaches and the insomnia.

Although we commonly use the amitriptyline to treat post-concussive head-
aches, especially in younger athletes, there are many other potential therapies
and medications that can be used to treat these headaches. Therapies such as
biofeedback, psychotherapy, physical therapy, and trigger point injections can
be used to treat post-concussive headaches, either by themselves or in conjunc-
tion with medications. Other medications that physicians may consider for the
treatment of post-concussive headaches include beta-blockers, calcium channel
blockers, valproic acid, triptans, topiramate, gabapentin, pregabalin, and dihy-
droergotamine. If you or your athlete has persistent headaches that negatively
impact the quality of life for weeks after sustaining a sport-related concussion,
you should discuss the best potential therapies for treating those headaches
with the physician managing your sport-related concussion. Many times, prior
to starting such medications, physicians will order further tests to assess for
other potential injuries as well as the general health of the patient. This should
not alarm you. Although it is not always necessary, these tests are commonly
performed prior to starting new medications.

If the first one or two medications recommended fails to significantly allevi-
ate the athlete’s headaches, consultation with a headache specialist can
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sometimes be useful. Headache specialists are most often are neurologists. At
the Sports Concussion Clinic at Children’s Hospital Boston, we work closely
with several neurologists who have significant experience and expertise in treat-
ing headaches. I often refer athletes to these neurologists if I am unable to con-
trol their headaches with the first one or two medications tried.

Insomnia

Insomnia is the ability to obtain adequate sleep. As it is common, many read-
ers will have heard of insomnia or even experienced insomnia at some point in
their lives. Insomnia is one of the most common symptoms of concussion, espe-
cially in athletes who do not recover quickly. There are several strategies for
helping an athlete who is suffering from insomnia after a concussion to get some
sleep.

The first and easiest strategy is to rid the athlete’s bedroom of all potentially
distracting items. Today’s athletes are surrounded by distractions. Their bed-
rooms are often filled with electronics such as stereos, videogames, televisions,
cell phones, laptop computers, iPods, and more. They are constantly bom-
barded with social messages through phone calls, text messages, instant mes-
sages, e-mails, Facebook messages, Myspace messages, etc. Eliminating such
distractions from the bedroom and having the athlete lie down in a quiet, dark
room will help induce sleep. Simply turning these gadgets off or switching them
to vibrate is less effective. The mere presence of these devices can be distract-
ing. Not only electronics should be removed. The presence of a to-do list, sched-
ule, or daily planner can bring to mind all the tasks that lay ahead. This can
cause stress and anxiety, which prevents sleep.

Similarly, concussed athletes suffering from insomnia should avoid potential
stimulants such as caffeine or nicotine. Alcohol may also cause difficulties sleep-
ing. For this, as well as other reasons, an athlete recovering from a concussion
should avoid alcohol.

If these interventions do not result in adequate sleep there are medications
that may be considered. As with all medications, these should be discussed with
and supervised by a physician.

A safe and common medication often used to treat insomnia is called melato-
nin. Melatonin is actually not a medication; it is a hormone. All of us have mela-
tonin in our blood. It is secreted into the blood by a gland in the brain known as
the pineal gland. When it gets dark, the pineal gland secretes melatonin into the
bloodstream. Melatonin makes us feel sleepy. This is why we get tired when it is
dark. Taking melatonin by mouth can help athletes suffering from insomnia
after a concussion fall asleep.

As noted above, amitriptyline can be used to treat post-concussive insomnia,
especially in athletes who are also suffering from post-concussive headaches. In
addition, many other therapies and medications can be used to treat insomnia.
Nonmedical therapies such as chronotherapy, psychotherapy, herbal teas,
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relaxation techniques, and phototherapy may be useful. Medications such as
trazodone, zolpidem, other tricyclic antidepressants (besides amitriptyline),
and various other medications may be helpful in certain situations. As always,
it is best to discuss the options that are best for you or your athlete with an
expert in the assessment and management of sport-related concussion.

Depression

Depression is common in athletes who do not recover quickly from their
concussions. The most important thing you can do if you are having depression
after a concussion is tell someone such as a doctor, a school nurse, a counselor, a
psychologist, or another professional who can get you help. This is especially
true for athletes who feel hopeless. Thoughts of harming oneself or killing one-
self are particularly concerning and should be reported immediately. Fortu-
nately, such profound depression is rare. More commonly, athletes are simply
saddened by their injury, by the fact that they cannot participate in sports, and
by the fact that they have more difficulty with schoolwork and other cognitive
tasks. It is frustrating. Depression is understandable. But it can usually be over-
come with proper treatment.

Seeing a sports psychologist can be helpful in treating depression after a
sport-related concussion. Sports psychologists are trained in psychology, and
have extra training in the psychological issues specifically related to sports and
athletes. In addition to improving the athlete’s mood and treating the depres-
sion, a sports psychologist can teach the athlete coping strategies, ways of deal-
ing with the injury, with the cognitive dysfunction, and with the limitations
imposed on activities and functioning as a result of the concussion.

As noted above, in certain circumstances, allowing athletes to return to aero-
bic exercise is safe. This can go a long way in improving an athlete’s mood and
overall disposition. This option should be discussed with the clinician managing
the athlete’s concussion.

Finally, sometimes these interventions are not enough, and the athlete
remains depressed despite them. In such cases, medication may be considered.
This option should be discussed with the athlete’s doctor. Many doctors will
refer an athlete to another clinician who is experienced in treating depression
with medicine, as opposed to prescribing it themselves.

Cognitive Dysfunction

As noted previously, cognitive processes are those that involve thinking, rea-
soning, concentrating, and remembering. These processes are negatively
impacted by concussion. Thinking becomes slower. Memory becomes worse.
Concentration becomes difficult. This can be frustrating, especially for student
athletes. As with all the signs and symptoms of concussion, these problems
should resolve shortly, over the course of a few days to weeks. In some small
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percentage of athletes, however, these problems persist for weeks to months.
Many athletes seek treatment for these problems. The best and most effective
treatments are discussed above in the section on cognitive rest and academic
accommodations. However, some athletes’ problems will be so severe and last
for so long that they negatively impact the athlete’s quality of life to such an
extent that the athlete seeks other treatments.

Unfortunately, there is no proven, generally accepted therapy for treating the
cognitive dysfunction caused by sport-related concussion or concussive brain
injuries sustained outside of sports. There are, however, some potential medica-
tions which might be considered. Some medical studies have shown that these
medications can help maintain the brain function of people who have sustained
a traumatic brain injury. Other studies have shown no benefit. These medica-
tions act directly on the cells of the brain, or neurons. Like all medications, there
are side effects associated with them. Athletes taking them should be monitored
closely. Before deciding whether or not to take one of these medications, the
athlete should understand all of the potential risks and the likelihood of benefit.
These medications should only be prescribed by a physician with expertise and
experience in the assessment and management of concussive brain injuries.

One such medication is called amantadine. Amantadine was initially devel-
oped as an anti-influenza agent, a medication used to treat or prevent illness
caused by influenza virus. But, as often happens in medicine and science, other
uses were discovered serendipitously. Physicians noticed that when patients
with Parkinson’s disease were taking amantadine as treatment for or in order
to prevent the flu, the symptoms of their Parkinson’s disease improved. Thus,
amantadine started to be used to treat Parkinson’s disease. Later, during an
influenza outbreak, intravenous amantadine was given to patients in a neuro-
logical intensive care unit, a special part of the hospital where patients with seri-
ous brain, spinal cord, or nerve-related illnesses and injuries are managed.
Physicians treating these patients noticed that while they were on amantadine,
patients suffering from a traumatic brain injury had some improvement in their
cognitive function. This suggested that amantadine might spare the loss of some
brain function in patients who have suffered from a traumatic brain injury, like
concussion. Thus, studies were designed to investigate the utility of amantadine
as a potential treatment for traumatic brain injury. As noted, some studies
showed that it was helpful. Others showed no benefit. Some of the evidence
suggests that perhaps, amantadine is more useful in treating children who have
sustained traumatic brain injury than it is in treating adults with traumatic brain
injury. Until further data is available, amantadine should be considered a poten-
tial agent, as opposed to a proven agent, for the treatment of concussive brain
injury.

As with all medications, amantadine has some side effects. However, it is
generally well tolerated. In fact, the medicine is so safe, that the current Federal
Drug Administration (FDA) approval for amantadine is for use by healthy chil-
dren during an influenza outbreak, in order to prevent them from getting the

Potential Therapies 97



flu. Still, it acts directly on the cells of the brain, increasing the amount of dopa-
mine transmitted between neurons. Amantadine cannot be stopped abruptly, as
there is a risk of developing malignant hyperthermia, a medical condition that
causes painful rigidity of the muscles and high fevers. There is some concern
over the potential for birth defects in the children of women who are pregnant
or who become pregnant while taking amantadine. Therefore, careful thought
should go into the potential risks and benefits of taking amantadine when
deciding whether or not it should be used to treat a concussion.

Methylphenidate is another medication that has been studied to treat cogni-
tive dysfunction after traumatic brain injury. Many readers will be familiar with
methylphenidate as a treatment for attention deficit/hyperactivity disorder
(ADHD). Others will recognize some of the brand names for this medication,
such as Ritalin and Concerta. Methylphenidate is the most thoroughly studied
medicine for treating cognitive dysfunction after traumatic brain injury. In fact,
several high-quality studies have shown that methylphenidate preserves some
of the cognitive function of patients recovering from traumatic brain injury. As
with all medications, there are some potential risks in taking methylphenidate.
Like all medications, it has side effects. Furthermore, it can be habit forming.
There is little evidence showing benefits in the cognitive performance of chil-
dren taking methylphenidate after a traumatic brain injury. Therefore, some
argue, it is more appropriate for older athletes than for younger athletes. As
with all medications, the risks and benefits of methylphenidate should be dis-
cussed with the doctor managing your athlete’s sport-related concussion.

Other medications have been investigated as potential therapies for the treat-
ment of cognitive dysfunction after traumatic brain injury including, doenpezil,
rivastigmine, cytidine diphosphoryl choline (CDP-choline), fluoxetine, sertra-
line, pramiracetam, bromocriptine, and atomoxetine. The evidence for these
medicines is limited. Each must be carefully considered and discussed with an
expert in the assessment and management of concussive brain injury prior to
starting.

Cognitive rehabilitation is another potential therapy for the treatment of
sport-related concussions. The Brain Injury Association of America defines cog-
nitive rehabilitation as “a systematically applied set of medical and therapeutic
services designed to improve cognitive functioning and participation in activ-
ities that may be affected by difficulties in one or more cognitive domains.” Sim-
ply, it is a way of retraining the brain to perform activities that, prior to injury, it
was able to perform readily. There is little evidence supporting its use after
sport-related concussions. Since most athletes will recover from sport-related
concussions relatively quickly, the routine use of cognitive rehabilitation after
sport-related concussion is unnecessary. However, for athletes suffering from
prolonged cognitive dysfunction after sustaining a sport-related concussion,
cognitive rehabilitation may be considered.

In summary, the vast majority of athletes will recover from a sport-related
concussion quickly, within days to weeks. Physical and cognitive rest will often
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be the only therapies necessary to achieve a complete recovery from a sport-
related concussion. The therapies discussed in this chapter will be unnecessary
for most readers and their athletes. However, a small percentage of concussed
athletes will suffer prolonged recoveries, lasting weeks to months, or even up
to a year. Some athletes will have such profound symptoms that their quality
of life will be negatively impacted by their injuries. For this small minority, other
therapies should be considered to assist them with their recovery. The potential
risks and adverse effects of these medications must be considered and weighed
against the likelihood of benefit. These therapies should be tailored to address
the athletes’ most bothersome symptoms. Athletes engaging in these potential
therapies should be closely monitored in conjunction with a clinician experi-
enced in the assessment and management of sport-related concussions or con-
cussive brain injuries in general.
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9

Assessing Recovery from

Concussion: When Is It Safe for

My Athlete to Return to Sports?

On Sunday September 12, 2010, the Philadelphia Eagles were playing the
Green Bay packers. It was the second quarter. While tackling Green Bay wide
receiver Greg Jennings, the head of Eagles linebacker Stewart Bradley bounced
off of the right hip of his teammate and fellow linebacker Ernie Sims. On video
replay, Stewart’s head was seen snapping sharply back while twisting to his
right. When the play was over, Bradley struggled to stand up. After approxi-
mately seven seconds of balancing himself tenuously on all four limbs, he rose
to his feet. He stumbled forward, only to fall again, face first, onto the ground.
He was dazed. His fellow players knew something was wrong. Even his oppo-
nent, Green Bay’s Greg Jennings, started waving the medical staff onto the field
to tend to Bradley.

Stewart Bradley was concussed.
Yet later in that same quarter, Bradley was returned to play. This sparked a

lot of controversy in the sports community, with sports writers and sports blog
enthusiasts taking Philadelphia coach Andy Reid and the Eagles medical staff
to task. According to the guidelines adopted by the National Football League
less than a year earlier, a player who suffers a concussion should not return to
play on the same day. The Eagles responded by saying Bradley had been able
to “go through the protocol.” But with the nation watching on television, it
seemed that Bradley, who had clearly suffered a concussion, was returned to
play during the same game.

This chapter will discuss the strategies used for monitoring an athlete’s
recovery over time. Concussion monitoring focuses on three main categories:
1) the recovery from symptoms, 2) the recovery of brain function, and 3) the
recovery of balance and motor tasks. The determination of recovery is made



by assessing these three indicators of injury. Often, after an athlete is believed to
have fully recovered, an additional rest period is recommended. When an ath-
lete is cleared to return to play, there are international guidelines through which
athletes should progress, prior to participating in competition.

Some of the therapies discussed in chapters 7 and 8 may be used to help you
or your athlete recover from a sport-related concussion. But how do we know
when an athlete is recovered?

Three main components of recovery are monitored after an athlete sustains a
concussion: symptoms, balance, and cognitive function. Ideally, there will be a
baseline value for each of these components, as discussed in chapter 7. Athletes
will be monitored until they return to their baseline scores. If no baseline data
are available for a given athlete, then clinicians will do their best to determine
when complete recovery has occurred. Often, in the absence of baseline data, a
period of extra rest will be added to the recovery period, prior to clearing an ath-
lete for contact. This extra rest period will often be longer for younger athletes.
Prior to clearing an athlete to resume contact or collision play, baseline data should
be collected so they may be used in the unfortunate event of future concussions.

Symptoms: As noted previously, symptoms are most often measured using a
symptom inventory. An example of a commonly used symptom inventory is
shown in Figure 9.1. Most athletes are given a list of symptoms, followed by a
scale of severity from 0 to 6, where 0 means the athlete is not experiencing
the symptom and 6 means the symptom is as severe as the athlete can imagine.
The athlete is asked to circle the number that corresponds to the degree of
severity for each of the symptoms listed. These numbers can then be added
together in order to get a total post-concussion symptom scale score. For exam-
ple, if an athlete has a pretty bad headache, some nausea, some trouble falling
asleep, and decreased energy on the day he fills out the symptom inventory,
his scale might look like this:

If he is not experiencing any other symptoms, a “0” would be circled for the
remainder of the symptoms included in the inventory.

5 for headacheþ 2 for nausea þ 1 for difficulty sleeping

þ 3 for decreased energy ¼ 11:

Thus, his total symptom score would be 11.
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Many people will have some mild symptoms even when they are not injured.
Some people have headaches and nausea from time to time. Some have diffi-
culty falling asleep even when they are not injured or concussed. By measuring
these symptoms before a concussion, clinicians can determine whether or not
an athlete’s symptoms are worse after their injury. Similarly, they can see how
long it takes for athletes symptoms to return to their preseason, “baseline,” level.
By measuring all symptoms before the start of the season, athletes who were
having some symptoms before their concussion won’t mistakenly be considered
concussed after they have recovered, even if they are still experiencing the same
headaches, nausea, decreased energy, or difficulty sleeping they were having
before their injury. For athletes who have no symptoms when they are in their
usual state of health, their initial, preseason, baseline symptoms inventory score
will be 0.

One can imagine, however, some athletes will show up for their preseason
assessment after they were up late at night studying. Or, on the day of their pre-
season baseline measurement, they might have a cold or the flu. Thus, they may
have many symptoms when they complete their “baseline” symptom inventory
that are not “baseline” at all. They are due to the fact that the athlete just hap-
pens to be tired or ill on the day the inventory is taken. Thus, another approach
is to only measure those symptoms that are due to a concussion. When per-
formed this way, every athlete should score a 0 at the start of the season (unless
they are recovering from a concussion from a prior season). When the baseline
symptom inventory is completed in this way, athletes who sustain a concussion
should be asked to complete follow-up symptom inventories after injury by cir-
cling only those symptoms that started at the time of their concussion and have not
yet gone away.

Both approaches to symptom inventories are reasonable. Whichever method
is used, no athlete should be returned to play until the symptoms due to his or
her concussion have completely resolved. That means, using the first method
noted above, no athlete should be returned to play until his or her baseline
symptom inventory score is equal to what it was prior to the start of the season.
Using the second method described above, no athlete should return to play
until his or her symptom score is equal to zero. Although reasonable exceptions
to this rule may sometimes be made, they should be infrequent and supervised
by a clinician with expertise in the assessment and management of sport-related
concussion.

Medications are often used to help treat the symptoms of an athlete who
experiences a prolonged recovery from a sport-related concussion. Once the
athlete is no longer experiencing these symptoms, medications should be dis-
continued. Some medications however cannot be stopped abruptly. Therefore,
even though the athlete may no longer be experiencing symptoms from his or
her concussion, the physician prescribing a medication will recommend the ath-
lete continues to take it for some period of time. Often the medication will have
to be tapered as opposed to abruptly stopped. When tapering off of a
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medication, an athlete decreases the daily dose slowly, over a period of days to
weeks, until he or she is on such a small dose that it can be stopped safely. In
order to be returned to sports safely, athletes must remain symptom-free even
after the medication has been stopped. Therefore, athletes who are still taking
a medication to treat the signs and symptoms of concussion should not be
returned to sports, even if they are symptom-free while on the medication.
Exceptions to this rule, as always, should be made by clinicians with experience
in the assessment and management of sport-related concussion.

Headaches are the most common symptom of sport-related concussion.
There is even some evidence that athletes who sustain migraine-like symptoms
after concussion take longer to recover than other athletes. Recent medical
investigations are considering whether or not athletes who have family mem-
bers who suffer migraine headaches also take longer to recover from sport-
related concussions than other athletes. These associations between migraine
headaches and recovery from concussion have led some clinicians to believe
that certain people, who may be predisposed to migraine headaches may also
be predisposed to suffering sport-related concussions.

We all suffer headaches from time to time. Some people have very specific
headaches that they suffer on a fairly regular basis. Many readers will know
someone who suffers from migraine headaches. It is well known that trauma
to the head can result in the onset of migraine headaches, even when the patient
has not sustained a concussion, or when the patient has recovered from his or
her concussion. Therefore, it can sometimes be unclear whether athletes are
experiencing headaches because they are still recovering from their concus-
sions, or whether they have headaches that were brought about by their
trauma, despite the fact that they have recovered from their concussions. Again,
decisions about when an athlete should return to sport should be made by a
clinician with expertise in the assessment and management of sport-related
concussion.

As noted, many of the signs and symptoms of sport-related concussion can
be seen in other illnesses or disease processes. The treatment of a sport-
related concussion in and of itself can result in some symptoms. Sport-related
concussions can result in irritability, depressed mood, low energy, and insomnia.
However, the same symptoms can result from the treatment of sport-related
concussions, namely, physical and cognitive rest. Most athletes choose to partici-
pate in sports. Most of them enjoy playing sports. They enjoy exercising. Exer-
cise improves their mood and overall sense of well-being. Since one of the
treatments of sport-related concussions is physical rest, these athletes are
removed from sports and exercise during their recovery. This often results in
the onset of irritability, depression, and increased emotionality. Therefore, it
can be difficult to determine, at times, whether or not the symptoms are due
to incomplete recovery from a sport-related concussion or due to the treatment
of sport-related concussion. In order to help distinguish between these two
possibilities, doctors will occasionally allow an athlete to return to some safe,
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light aerobic activity prior to full resolution of his or her symptoms. Often, being
allowed to exercise in such a manner will improve the patient’s mood, as well as
alleviate depression, help with difficulty sleeping, and decrease their irritability.

Regular exercise can also increase one’s energy. Therefore, being removed
from exercise can decrease one’s energy. People who lead a sedentary lifestyle
often complain of feeling fatigued, tired, and having low energy. Regular exer-
cise can improve these symptoms. Again, since athletes have been removed
from exercise and physical activity during the recovery from sport-related con-
cussions, decreased energy may result. Returning to some light aerobic activity
in a safe setting can often improve their overall energy and help distinguish
between incomplete recovery from sport-related concussion and the negative
side effects of physical rest.

While exercise can improve one’s overall energy during the waking hours,
physical exertion is also tiring. Therefore, many athletes will sleep well through
the night, often requiring more hours of sleep then sedentary individuals. Once
again, the removal from physical exertion as part of treatment for a sport-related
concussion can result in sleep disturbance or insomnia. Insomnia, however, is
one of the main symptoms of concussion. In particular, athletes who take longer
than days to weeks to recover from their concussion will rank insomnia as one
of their most significant symptoms. By allowing athletes to return to some light
aerobic activity in a safe setting, their sleep can be improved.

In addition to the symptoms an athlete reports, an athlete’s signs, including bal-
ance, are also used to track his or her recovery and to determine when it is safe to
return to sports. As noted, many athletes will have a balance error system score
recorded prior to the start of the season. After a concussion, athletes’ balance is
often worse. It improves as they recover, until they are just as steady on their feet
as they were before the season started. An athlete should not be considered com-
pletely recovered until his or her balance has returned to preinjury levels.

Again, some exceptions to this rule may be made. One can imagine athletes
might sustain an ankle or knee injury at the same time as their concussions.
They may recover from their concussions quite quickly. However, they may still
have some residual injury to the ankle or knee. This may adversely affect their
balance. Decisions to return athletes to play prior to full recovery of their pre-
season balance should be made by a clinician with expertise in the assessment
and management of sport-related concussion.

Brain function is also used to assess recovery from a sport-related concus-
sion. Most commonly the assessment of brain function is measured using com-
puterized neuropsychological testing as discussed in previous chapters. Ideally,
athletes will have measurements of their brain function prior to the start of
the athletic season. In the event of a concussion, their brain function will be
reassessed and compared to what it was prior to their injury. Any deficits from
their preseason or baseline functioning should be considered reflective of
injury. Athletes should not be returned to sport until their brain function has
recovered back to its pre-injury level.
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The assessment of these neuropsychological scores can be somewhat compli-
cated. Any time people take a test of any kind more than once, they are likely to
get a different score than they did previously. People often do a little bit better
or little bit worse than they did before. This is expected. Therefore, athletic
trainers, doctors, neuropsychologists, and other people interpreting these com-
puterized neuropsychological tests must take this normal background variation
in scores into account. They must decide when a test score is so much better or
so much worse than a previous test score that it reflects true injury or true
recovery as opposed to simply background variability. Methods of statistical
analysis are used to assist in this determination.

Furthermore, performance on these computerized neuropsychological tests
can be affected by many factors. If athletes are ill at the time of the test, they
may perform worse than if they were healthy. Similarly, if they are tired at the
time of the test, they will perform worse than when they are well rested. Ath-
letes who are depressed may perform more poorly than they would if they were
in good spirits. In addition, athletes will have different motivation. Those taking
a preseason baseline test may not be motivated to do well, since there’s nothing
at stake. An athlete taking a post-injury test 10 days before a championship
game, however, may be highly motivated to score well on the test. Likewise,
some athletes may be participating in a sport that they do not particularly like.
They may have little desire to return to that sport and therefore be less moti-
vated when taking tests after injury than they would be if they enjoyed their
sport. All of these factors must be taken into account by the clinician who is
interpreting the scores.

As computerized neuropsychological tests become more common in the
assessment and management of sport-related concussions, athletes become
more familiar with the process and how these tests are used. Therefore, some
athletes will intentionally do poorly on their preseason baseline. That way, if
they sustain a sport-related concussion during the season, they might still be
able to achieve their baseline scores, even while concussed. In this way, these
athletes hope to be returned to sport prior to full recovery. They should be cau-
tioned, however, that many of these computer programs have hidden mecha-
nisms within the test that allow clinicians to determine whether or not the
athlete put forth a good effort. Experienced clinicians will be able to decipher
whether or not an athlete has purposefully performed poorly. Those athletes
will be required to repeat the test prior to being cleared for game play.

Athletes should not be cleared to resume sports until they have reachieved
their prior levels of brain function. Again some exceptions to this rule may be
considered. Rarely, athletes may have the day of their lives when they take their
baseline test. They may score much higher than they would on any other occa-
sion. Therefore, some athletes who have had complete resolution of their symp-
toms, who have had complete return of their balance, and who remain
symptom-free despite days or weeks of full participation in the noncontact
activities of their respective sports may be cleared to return to play despite not
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having reachieved their preinjury neuropsychological test scores. Again, deci-
sions such as this should be made by clinicians with expertise in the assessment
and management of sport-related concussion.

Recently, there has been some debate in the medical and neuropsychological
literature regarding who should be interpreting these scores. Some feel that
these computerized assessments should only be interpreted by a neuropsy-
chologist. Others argue that these assessments are a relatively small part of
neuropsychology, and other clinicians with different medical backgrounds can
be taught to administer and interpret these scores reliably. As many concerned
athletes, coaches, and parents may hear this debate, I will offer my opinion and
some clarification.

As a medical doctor I was trained to do many things. One of those things was
to perform a physical examination of the patient. There are various components
of the physical examination. The component of the physical examination that
relates to the brain, the nerves, and the ability of brain function is known as
the neurological examination. While learning the neurological examination,
medical students are taught how the normal body appears, how it reacts to cer-
tain stimuli, and how the ill or injured body reacts differently than the normal,
healthy body. For example, many readers will recall a time when they were seen
by a doctor and had a light shone in their eyes. The black circle in the center of
people’s eyes is known as the pupil. Light travels through the pupil to a nerve at
the back of the eye that is connected to the brain. This is how we are able to see.
The brain interprets the light that strikes this nerve at the back of the eye. When
a bright light is shined into the eye of a normal, healthy patient, the pupil will
become smaller, or constrict. In certain disease processes or other states the
pupil is abnormally small and will not constrict. In other disease processes the
pupil is abnormally large and will not constrict. Sometimes the pupil of the left
eye is a different size than the pupil of the right eye. This can be due to disease
or injury. But it can also be a normal finding.

Doctors have learned how to interpret these findings and determine whether
or not they are normal, due to disease, or due to injury. This is one small part of
the neurological examination. And the neurological examination is one small
part of the overall physical examination. And the physical examination is a small
part of what the doctor learns while going through medical school. While I do
not think it is possible for someone to learn everything that is taught during
medical education without going to medical school and completing a residency,
I do believe that other clinicians can be taught to perform a neurological exami-
nation properly. Indeed, nurses, nurse practitioners, physician assistants, and
neuropsychologists themselves can be taught certain components of the neuro-
logical examination.

Likewise, physicians, athletic trainers, nurses, and other medical personnel
can be taught to administer and interpret computerized neuropsychological
tests without having to complete the full training of a neuropsychologist. Cer-
tainly, there will be times when these computerized neuropsychological
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assessments will be difficult to interpret. At times like this, the opinion of a
neuropsychologist should be sought. Indeed, where I work at the Sports Con-
cussion Clinic in the Division of Sports Medicine at Children’s Hospital Boston,
we work very closely with many neuropsychologists on interpreting these
scores. In addition, our neuropsychologists help us make the diagnosis of con-
cussion, help determine when an athlete has recovered from a concussion,
and provide academic planning for students who have significant brain dysfunc-
tion after sustaining a sport-related concussion. Neuropsychologists are an
essential part of our sports concussion clinic.

The best approach for managing concussive brain injuries involves a team of
personnel, including all of the various specialties and subspecialties mentioned
in this book. However, not all athletic teams, hospitals, or medical clinics will
have access to neuropsychologists. There are relatively few neuropsychologists
in comparison to the number of athletic trainers, physicians, nurses, and other
medical professionals combined. Therefore, other medical professionals should
be taught to administer and interpret computerized neuropsychological test
scores for the limited purpose of assessing sport-related concussions and deter-
mining when an athlete has recovered.

Furthermore, many neuropsychologists who are well versed in the traditional
types of neuropsychological testing will not be familiar with the computerized
neuropsychological tests used for assessing sport-related concussions. Specific
training on administering and interpreting computerized tests is necessary, even
for neuropsychologists who trained only in the more traditional paradigms.

To ensure the highest quality of care is given to all athletes, other medical pro-
fessionals need to be trained to administer and interpret computerized neuro-
psychological tests for the limited function of assessing sport-related concussions.
Ideally, this would be in conjunction with a trained neuropsychologist to whom
patients could then be referred for more in-depth analyses when necessary.

While symptoms, balance, and neurocognitive function are the three main
components in helping determine when an athlete has recovered from a sport-
related concussion, there are many other factors that are considered before
returning an athlete to sport. Even when an athlete has recovered fully from a
sport-related concussion, medical professionals may recommend further avoid-
ance of high-risk athletic activities for a period of time. Some of the other factors
used to determine when an athlete can return to sports are discussed below.

NUMBER OF LIFETIME CONCUSSIONS

Although there is no absolute number of concussions after which an ath-
lete should not return to contact sports, collision sports, or other high-risk
athletic activities, most clinicians still take the total number of concussions
an athlete has sustained during his or her lifetime into consideration when
making decisions about an athlete’s return to sports. In general a more
conservative approach is warranted with an athlete who has sustained several
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concussions as compared to an athlete who has sustained only one or two. In
other words, athletes who have sustained multiple concussions should be given
more time to recover from their injuries before being returned to game play or
other risky activities than athletes who have only sustained one concussion.

DURATION OF RECOVERY TIME FROM CONCUSSION

As noted, many athletes will have full resolution of their post-concussion symp-
tomswithin a few days to weeks. In a study published in the Journal of the American
Medical Association in 2003, 90 percent of college football players who sustained a
sport-related concussion had resolution of their symptoms within 10 days. A study
published in the American Journal of Sports Medicine in 2010 showed that nearly
85 percent of high school athletes who sustained a sport-related concussion had
complete resolution of their symptoms and were deemed recovered by their ath-
letic trainer within seven days after injury. Within one month after their injury,
98.5 percent of high school athletes who sustained a sport-related concussion were
deemed recovered by their athletic trainer. However, some unfortunate minority of
athletes will have symptoms that last much longer. In the Sports Concussion Clinic
at Children’s Hospital Boston, we have seen patients whose post-concussion symp-
toms and cognitive dysfunction have persisted for several months. A small handful
of athletes have taken a year or longer to completely recover from their concus-
sions. Athletes who experience these prolonged recoveries are often held out of
contact sports, collision sports, or other risky athletic activities for a longer period
of time than those who recover more quickly. This is to allow the brain further time
to heal before exposing it to another potential injury.

AMOUNT OF FORCE RESULTING IN CONCUSSIONS

We have all seen major collisions in American football or ice hockey that have
resulted in an athlete suffering a sport-related concussion. However for some ath-
letes, especially if they have sustained prior sport-related concussions, a much
lower level of force results in a concussive brain injury. If an athlete appears to
be sustaining concussions with a progressively lower level of force, clinicians
become concerned. Often, we will recommend a longer period of recovery even
after symptoms resolve, balance is returned to normal, and brain function has
recovered to baseline, before clearing such an athlete to return to their sport.

TYPE OF ACTIVITY OR SPORT TO WHICH THE

ATHLETE WISHES TO RETURN

The type of activity or sport to which the athlete wishes to return is a key
component in deciding when they may return. Tennis is a relatively low-risk
sport as far as sport-related concussion is concerned. Therefore, an athlete
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might be returned to tennis almost as soon as he or she has recovered from a
concussion. If that same athlete, however, wished to return to ice hockey, foot-
ball, or rugby, clinicians would often recommend a longer waiting period. In
some cases not only the sport the athlete wishes to play but also the position
the athlete will be playing factors into decisions regarding return to play. For
example, some clinicians will require a longer period of recovery for cheer-
leaders who are flyers, given the high-risk nature of their cheerleading activities,
compared to other cheerleaders.

THE GOALS OF THE ATHLETE

Athletes’ long-term goals play a major role in determining if and when they
return to their sport. It is not uncommon for athletes who have sustained three
or four concussions over the course of their lifetime to wish to return to their
contact or collision sport. Those of us practicing medicine know that there is a
risk of losing cognitive function after sustaining multiple concussions. The exact
number of concussions that results in a permanent loss of cognitive function is
unknown. In fact, it is likely that there is no exact number. It is more likely that
the number is different for each athlete, depending on the physical and biologi-
cal characteristics of the athlete, the forces involved in each injury, and many
other factors that we in medicine have not yet elucidated. Some athletes will
sustain many concussions and not suffer permanent losses of cognitive function.
How long an athlete must wait before returning to sport after a concussion, or
whether or not they should return to sport at all after sustaining multiple con-
cussions, depends on their lifetime goals. If a junior in college who plays for
the varsity team has sustained his fourth lifetime concussion, and his long-
term goal in life is to become a veterinarian, he and his clinician may decide that
the potential long-term risks of returning to sport and possibly sustaining a fifth
lifetime concussion are not worth taking. However, if that same college junior
plays for a high-level college program, aspires to play professional hockey in
the National Hockey League, and given his current skill level, abilities, and rep-
utation this is a realistic possibility for him, he and his clinician may decide
that he will return to sport and assume the potential risks of a fifth lifetime
concussion.

Although some readers may see this as controversial, it is difficult to take
away somebody’s livelihood, his means of earning a living, over a potential risk
that may or may not ever occur. Many athletes may sustain five, six, seven, or
more of concussions over the course of their lifetime without suffering perma-
nent cognitive deficits. Others may have long-term cognitive deficits and other
problems as a result of only three or four concussions. Since those of us in medi-
cine cannot accurately predict which number of concussions will lead to long-
term problems, nor which athletes are at risk for these problems, each case must
be decided individually with the aspirations, concerns, and understanding of
the athlete in mind. Many times, conversations about such topics will also
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involve all of the clinicians caring for the athlete, the athlete’s loved ones, and
the other important people in the athlete’s life. Most often, the conversation
takes place over a series of visits, lasting anywhere from several weeks to
months or even years in some athletes who sustain multiple concussions over
the course of their academic and professional careers.

THE SEVERITY OF COGNITIVE DEFICITS OBSERVED AFTER CONCUSSION

As we have seen, some athletes will not sustain measurable cognitive deficits
in their brain function with their concussions. Other athletes will sustain mild
deficits in their brain function with their sport-related concussions. Still other
athletes will sustain marked and significant deficits in their brain function with
their concussions. It is not uncommon for clinicians to recommend a longer time
away from contact sports, collision sports, or other risky athletic activities for
athletes who have sustained more dramatic deficits in their brain function after
injury. For athletes who used to suffer relatively mild cognitive deficits with their
first few concussions, but are now suffering much more significant cognitive def-
icits after sustaining multiple concussions, the length of time prior to returning
to contact or collision sports is often increased to allow for further recovery.

THE SEVERITY OF SYMPTOMS EXPERIENCED BY THE

ATHLETE AFTER CONCUSSION

Some athletes will experience severe, even incapacitating symptoms as a
result of their concussions. Most clinicians will recommend longer times away
from sport for those athletes who have experienced more severe symptoms
than for those who have only mild symptoms after their concussion. In addition,
if athletes who complained of relatively mild symptoms after their first concus-
sion now have more significant symptoms after sustaining multiple concussions,
clinicians often recommend longer recovery times.

THE AGE OF THE ATHLETE

Concussion is one of the few injuries from which it seems adults recover
more quickly than children. Medical studies conducted in older athletes have
shown shorter recovery times after sport-related concussions than medical
studies conducted in younger athletes. The reason for this is unclear. It could
be that the younger, developing brain of pediatric athletes heals more slowly
than the fully developed brain of more mature athletes. It could also be, how-
ever, that those athletes who require long times in order to recover from their
sport-related concussions stop playing high-risk sports at a younger age. Thus,
they are no longer at risk of sustaining a sport-related concussion. Until we
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know more about the recovery from a sport-related concussion and how recov-
ery is affected by age, it is prudent to keep the pediatric athlete out of sports for
a longer period of time than the older athlete.

Furthermore, older athletes are more likely to play for a team with greater
resources. Younger athletes often compete for teams that have no athletic
trainer, no team physician, no emergency action plan, and no concussion proto-
col. These athletes have fewer baseline assessments available to help determine
when they are recovered. Since it is often more difficult to determine when
these athletes are fully recovered, longer recovery time is frequently recom-
mended.

OTHER FACTORS

Many other factors may contribute to the decision to return an athlete to par-
ticipation in sports. These decisions are complicated. Since the medical commu-
nity has only recently begun to pay attention to sport-related concussions, there
is much we do not know about them. No specific tests are available to defini-
tively diagnose sport-related concussions or determine precisely when recovery
has occurred. While it is now known that some athletes will suffer long-term
effects from sustaining multiple sport-related concussions, we do not yet have
the ability to predict which athletes are vulnerable to these long-term effects,
how many injuries are needed before one suffers these long-term effects, or
what other factors might help predict which athletes are likely to develop these
long-term problems. Until such information is available, doctors, athletes,
parents, neuropsychologists, and all others involved in the assessment and man-
agement of sport-related concussions must weigh the potential risks and bene-
fits of each individual case prior to determining when it is safe for an athlete
to return to contact sports, collision sports, or other risky athletic activities.

In summary, clinicians use athletes’ symptoms, balance, and cognitive func-
tion to help determine when it is safe to return to sports after sustaining a
sport-related concussion. Ideally, measurements of these factors are taken
before the athlete sustains a concussion. When such data are available, most
athletes should not be returned to sports until after they have re-achieved their
baseline levels. In the absence of such baseline measurements, longer recovery
times are often recommended. Similarly, longer recovery times are recom-
mended for younger athletes, athletes who have sustained multiple concus-
sions, athletes with pronounced signs and symptoms after their concussions,
athletes who sustain concussions after collisions involving minimal force, ath-
letes with prolonged recoveries, as well as athletes with other concerning
circumstances. In most cases, athletes should be off of any medication used to
treat their post-concussion symptoms prior to being cleared for contact or colli-
sion. Since there is no medical test available to accurately determine when it is
safe for an athlete to return to contact or collision sports after a sport-related
concussion, clinicians use many factors to help estimate the appropriate time-
table for athletes’ resumption of such activities.
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10

Prevention: Is There a Way to

Prevent My Athlete from

Sustaining a Concussion?

Heavyweight boxer “Iron” Mike Tyson was a veritable wrecking machine.
I remember arguing with other kids in the neighborhood about whether or
not we could live through an unobstructed punch from Mike Tyson. I still don’t
know the answer. And I don’t ever want to find out.

On November 22, 1986, Mike Tyson defeated Trevor Berbick to become
the youngest champion to ever win the heavyweight title. He was only 20 years
old. Berbick, the heavyweight champion at the time, was well known as the last
man to fight Muhammad Ali. On paper, the fight appeared fairly well matched.
In fact, given his height and reach, Berbick appeared to have a slight advantage.
Tyson weighed in at 221 pounds to Berbick’s 218. Berbick was three inches
taller at 6 feet 2 inches compared to Tyson’s 5 feet 11 inches. This translated
to Berbick having a significant advantage in reach. While Tyson was younger,
Berbick was more mature, at 32 years old. But, as the fight would prove, this
was not an even match.

During the first round, Tyson struck Berbick in the head with several power-
ful blows. With 23 seconds remaining in the first round, Berbick stumbled after
sustaining a hard right to the head. Tyson pounced. He landed several addi-
tional blows that caused Berbick to drop his hands, clearly stunned by the
assault. He was overpowered by Tyson. But he managed to remain on his feet
until the bell rang. Within the first few seconds of round two, Tyson landed a
series of powerful right and left hooks that knocked Berbick to the canvas.

The round continued. To those of us watching, it appeared that Berbick was
simply trying to remain on his feet and survive the periodic bursts of power
from the challenger. With 38 seconds left, Tyson landed a right to the body,



then an uppercut to the head followed by a left hook that knocked Berbick to
the canvas. Berbick tried to stand a total of three times. But he could only stum-
ble and fall back to the canvas. He was dazed, confused, disoriented.

Trevor Berbick was concussed.
With boxers constantly at risk for sustaining concussions, it would be won-

derful if there were some effective means of preventing a concussion.
This chapter will present potential ways of preventing concussions in ath-

letes. The theories behind individual prevention strategies will be reviewed.
Strategies used by larger athletic organizations will be discussed. The evidence
against or in support of these strategies, when available, will be included.

Unfortunately, there is no scientific, medically proven way of preventing a
concussion. As discussed previously, there are no helmets or mouth guards that
are medically proven to reduce an athlete’s risk of concussion. However, the
experience of experts in the assessment and management of athletes has led
to several strategies that are likely to help reduce the risk of sustaining a sport-
related concussion, the recovery time after a sport-related concussion, and the
risk of suffering long-term injury after sport-related concussions.

EDUCATION

There are many ways that education can reduce the risk of sustaining a
sport-related concussion, as well as the risk of suffering long-term effects after
sport-related concussions. First, it is thought that the risk of sustaining a sport-
related concussion is higher after a recent concussion. This comes from studies
conducted in college-aged American football players. One such study reported
that athletes who sustained two concussions in the same season suffered their
injuries within 10 days of each other. Therefore, educating athletes, coaches,
and parents to avoid returning an athlete to play too soon can reduce the risk
of these second injuries. Similarly, we have already learned that an athlete will
recover more quickly from a concussion by avoiding vigorous physical activity
and vigorous cognitive activity. By educating athletes, coaches, and parents
about the need for physical and cognitive rest during recovery, we can reduce
the duration of time an athlete experiences symptoms and reduce the overall
intensity of an athlete’s symptoms while he or she is recovering from a sport-
related concussion.

Additionally, the risks of suffering long-term problems after sport-related
concussions increases as the number of concussions sustained over an athletic
career increases. By learning more about the potential long-term effects of
sport-related concussions, we hope that athletes will be more likely to report
their injuries, manage their injuries appropriately, and refrain from returning
to play prematurely. In fact, a medical study published in the journal Injury
Prevention in 2003 showed that athletes who undergo a concussion education
program learn more about concussion, and even learn to change their actions
by avoiding certain penalties after the concussion training.
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For example, a concussion is more likely to occur when an athlete does not
see a hit coming. Certain types of hits are more likely to result in a concussion
than others. Educating athletes to avoid these types of hits can reduce the num-
ber of concussions. One such way of educating athletes has been studied in
youth ice hockey. As part of this effort, players are given talks, brochures, and
watch an educational video about hitting from behind. Because a hockey player
cannot see a hit that is coming from behind, this is a high-risk situation as far as
sport-related concussion is concerned. In order to reduce hits from behind, one
league has even placed an octagonal red stop sign on the back of player’s jerseys
to remind their opponents not to strike them from the back.

Also included under the heading of education should be the teaching of
proper technique. Purposeful heading in soccer is a commonly debated topic
that can help illustrate the importance of teaching proper technique. As noted
earlier in the text, although there is no medical or scientific data to support
the hypothesis that purposeful heading in soccer causes sport-related concus-
sions, many people contend that this is true. In response to this possibility, some
soccer organizations have disallowed athletes who are less than 10 years old to
engage in purposeful heading of the soccer ball. I believe that this approach
does more harm than good. I would recommend that younger athletes use
smaller and softer soccer balls. Since they are not as capable as their older coun-
terparts of generating high velocities when throwing or kicking a soccer ball,
these athletes can learn the proper skills and techniques of heading a soccer ball
at a younger age while avoiding high risk exposure to potential injury.

Heading a soccer ball requires timing. It requires leg, back, and neck muscle
strength. It requires physical coordination. It requires coordination between the
eyes watching the soccer ball approach and the muscles of the legs, back, abdo-
men, and neck used for purposefully heading the soccer ball. These skills are best
developed at younger ages, when athletes can only generate a certain amount of
momentum with their kicks and throw-ins. I do not think the first time an athlete
attempts to purposefully head the ball should be when it is drilled in the air
with the force that some older children are capable of generating—say, after it is
kicked 30 feet in the air and 40 yards downfield by a powerful and skilled 10- or
11-year-old goalkeeper.

HEADS-UP PLAYING

Playing with the head up, constantly being aware of what is taking
place around one, can reduce the number of unexpected body checks the ath-
lete experiences. Since most concussions occur when an athlete does not see
the hit coming, keeping the head up and being aware can potentially reduce
the risk of sustaining a concussion. When athletes see a hit coming, they are
able to brace themselves for impact and absorb the force of impact in such a
way that their risk of injury is reduced. Medical studies, again in youth ice
hockey, have shown that players who see a hit coming and are able to absorb
the hit properly are less likely to suffer a sport-related concussion. A study
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published in the medical journal Pediatrics in 2010 showed that in adolescent
ice hockey players, collisions following an anticipated hit resulted in fewer
severe head impacts than collisions following unanticipated hits.

NECK MUSCLE STRENGTH

Strengthening of the neck muscles may reduce an athlete’s risk of sus-
taining concussions. Although many readers will be pleased to have put phys-
ics behind them after graduating from high school or college, a brief refresher
in a simple, fundamental concept of physics will go a long way in explaining
why this is. As we have already learned, athletes sustain concussions after a
force is applied to their head or after a force is transmitted to their head from
a blow sustained somewhere else on the body. This force results in a spinning,
or rotational acceleration, of the brain. It is this rotational acceleration that
causes the concussion.

Some readers may recall from physics that, mathematically, force is equal to
mass multiplied by acceleration. That is to say that, when a given force is
applied to an object, how quickly that object accelerates away from the force
depends on its mass. This is often represented by the equation:

F ¼ ma

where “F” represents the force of the collision, “m” represents the mass of the
object, and “a” represents the acceleration of the object after impact. Although
it can sound confusing when put into scientific or mathematical terms, this con-
cept is a matter of common sense for most readers. Suppose, for example, that I
were to punch a ball as hard as I could. In scientific terms, we would say I am
applying a force to the ball. After the punch, the ball would roll away from
me. How rapidly it accelerates away from me would depend on the mass of
the ball. If I were to punch a tennis ball, it would accelerate very rapidly away
from me. If, however, I were to punch a bowling ball, it would accelerate rela-
tively slowly away from me. This is what is meant by the mathematical equation
F=ma. When the same force is applied to a ball, such as by punching it, a ball
with a lot of mass, such as a bowling ball, will accelerate slowly, whereas a ball
with little mass, such as a tennis ball, will accelerate more rapidly.

Since it is the acceleration of the brain after a force is applied or transmitted
to the head that results in a concussion, we can reduce the risk of sustaining a
concussion by reducing acceleration. One way to reduce the acceleration after
a given force has been applied is to increase the mass of the head. An athlete
can effectively do this by flexing his or her neck muscles. The mass of the
human head is approximately 5 kilograms (11 pounds). The average mass of a
male adult athlete’s body is approximately 85 kilograms (187 pounds). When
an athlete does not see a blow to the head coming, the 5 kilograms of the head
will accelerate very rapidly. If, however, athletes see the hit coming and
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instinctively flex their neck muscles, the head becomes rigidly attached to the
body. Therefore, after the blow is delivered, the head and remainder of
the body act as one unit. Instead of the 5 kilograms of the head accelerating
away very rapidly, the 85 kilograms of the body accelerates away more slowly.
By strengthening their neck muscles, athletes can attach their heads to their
body, so to speak, more effectively. This will reduce the acceleration of the
head after impact and thereby reduce the risk of sustaining sport-related
concussions.

Athletes can add the following simple strengthening exercises to their cur-
rent resistance training in an effort to reduce their risk of sport-related concus-
sions. As with all resistance training, particularly in pediatric athletes,
emphasis should be placed on a proper and safe technique. Pediatric athletes
who are unfamiliar with resistance training should be coached and supervised
by an adult with expertise in resistance training of the pediatric athlete. The
below descriptions are solely for the purpose of describing the exercises avail-
able to the reader. Anyone planning to engage in these exercises should consult
a proper manual or seek professional assistance.

1. Shrugs. A common resistance exercise that will be familiar to many readers.
They can be performed using either a barbell or dumbbells. Perhaps the easiest
way to do shrugs is for the athlete to have a dumbbell of appropriate weight in
each hand. The arms are extended at the side. The athlete raises his or her
shoulders lifting the weight of the dumbbell, and then slowly relaxes to the
starting position.

2. Dumbbell press. For the dumbbell press, the athlete has his or her arms raised
so that the elbow is even with the shoulder on either side. The elbow is flexed
to approximately 90 degrees. From this starting position, the athlete raises the
dumbbell toward the ceiling while straightening the elbow. Then, the dumbbell
is returned to the starting position.

3. Lateral, forward, backward, and rotational resistance exercises of the neck.
Athletes playing for teams with significant resources will often have a
machine that is designed to help them strengthen the muscles of their neck.
However, there are some very simple resistance exercises that athletes with-
out such resources may still perform. These resistance exercises are perhaps
the easiest and one of the most effective ways of strengthening the neck
muscles.

In order to perform lateral resistance exercises, an athlete places his or
her right hand along the right side of the head. The muscles of the neck
are flexed such that the right ear attempts to move down toward the right
shoulder. However, since the athlete is resisting this action, there is no
actual movement of the head. The athlete should hold this position in active
resistance for approximately 5–10 seconds. The exercise can then be per-
formed on the left side of the head, front of the head, and back of the head.
These exercises are known as the lateral, forward, and backward resistance
exercises.
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The rotational resistance exercises are similar. In order to perform this
exercise the athlete would place his or her hand against the side of the fore-
head. The athlete then attempts to rotate the head toward the right or the
left as when nodding “no.” This motion is resisted by the hand. So there is
no actual movement of the head. Again, the athlete would hold for a 5- or
10-second count and then repeat in the opposite direction.

GENERAL CONDITIONING AND STRENGTH

The stronger and faster an athlete is, the less likely the risk of injury. This is
not only true for the concussion but for all types of sports injuries. It will not
be too difficult for the reader to imagine that a smaller, weaker, poorly condi-
tioned athlete is at higher risk for injury than a bigger, stronger, faster athlete.
The ability to dodge a blow from one’s opponent or properly absorb a blow
from one’s opponent will decrease the risk of sport-related concussion. These
abilities come with strength, conditioning, and agility as well as practice and
experience.

CONFIDENCE

In addition to being recovered from a sport-related concussion, athletes
should be confident that it is time for them to return to sport. They should be
without fear. This is especially true for collision sports. There are few easier
ways for an athlete to become injured than to be timid or hesitant. Opponents
can tell when an athlete is timid. Any slightest hesitation will serve as an oppor-
tunity to deliver a controlling blow. An athlete who is worried about sustaining
another injury and is afraid while on the field or ice does not have his or her
head in the game. When your head is not in the game, you’re more likely to
be injured. Therefore, after athletes have recovered from sport-related concus-
sions, emphasis should focus on retraining them and getting them ready for
the demands of their sport before returning them to play. When athletes return
to play after sport-related concussions, they should be fast, agile, and strong.
They should have no fear. They should have no concerns. They should be
confident.

PADDING AND EQUIPMENT

Many concussions, particularly in pediatric sports, occur after a collision
between the player and an object, such as the goalpost in football. Proper pad-
ding around such structural objects may reduce the amount of force delivered
at the time of these impacts and thereby reduce the risk of sport-related concus-
sions. Similarly, age-appropriate equipment may reduce the risk of sport-related
concussions. A common example of this can be seen in soccer. Often, younger
athletes are seen playing soccer using an adult, regulation-sized soccer ball.
Given the small mass of the pediatric athlete’s head and body compared to that
of an adult, the mass of the soccer ball used in play should be reduced.
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ENFORCING THE RULES OF THE GAME AND

DISCOURAGING DANGEROUS PLAY

While perhaps not always intentional, many concussions occur as a result of
dangerous or illegal play. Body checks from behind in ice hockey, spear tackling
to the helmet in football, dangerous kicks in soccer, elbows to the head in basket-
ball can all result in a concussion. In fact, some medical studies conducted in jun-
ior league professional ice hockey have shown that many concussions result from
illegal play. Unfortunately, this illegal play is not always noted by the referees. In
addition to the general education provided in this text, consistent and diligent
enforcement of the rules and regulations of the game may be one of the most
effective ways of reducing the risk of sport-related concussions.

In summary, there are fewmedically proven ways of reducing an athlete’s risk of
sport-related concussion. However, educating athletes about the risks of dangerous
play and the risks of returning to play before full recovery from a concussion may
reduce the number of injuries and long-term consequences. Playing with the head
up and being aware of one’s surrounding may help prevent sport-related concus-
sions. Athletes should not be returned to play until they are confident and ready
to return to play with their “head in the game.” General strengthening, condition-
ing, and the strengthening of an athlete’s neck muscles may help decrease his or
her chance of sustaining a sport-related concussion. Attention to proper placement,
padding, and securing of goalposts, netting, and other structures on the surface of
play may reduce the risk of concussive brain injury. Proper rule enforcement can
change athlete behavior, and result in a safer environment.
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The Cumulative Effects of

Concussion: How Many

Is Too Many?

The story of former National Football League defensive back Andre Waters has
become infamous throughout the field of sports medicine. Waters played
during the 1980s and 1990s for both the Philadelphia Eagles and Arizona
Cardinals. Over the course of his 12-year professional career, Waters was
known as a hard hitter. His reputation earned him the nickname “Dirty Waters.”
He sustained many concussions during his career. In fact, during an episode of
HBO’s Real Sports with Bryant Gumbel, former Harvard University football
player and professional wrestler turned concussion in sports activist Christo-
pher Nowinski described Waters’s concussion history as “probably the worst
concussion history that I’ve come across in any player.”

After retirement, Waters suffered from numerous problems. He had a steady
decline in his social and cognitive functioning. His memory was severely
impaired. He suffered from depression. His emotions became uncontrollable.
Ultimately, on November 20, 2006, several days before Thanksgiving, Andre
Waters took his own life by a self-inflicted gunshot to the head.

His brain was sent to Pennsylvania pathologist Dr. Bennet Omalu. Although
Waters was only 44 years old at the time of his suicide, his brain had many simi-
larities with that of older men. In fact, some of the medical findings discovered
in Waters’s brain were similar to those seen in patients suffering from
Alzheimer’s disease. After examining several similar cases, Dr. Omalu and
others concluded that multiple concussions or head traumas sustained during
these individuals’ football careers led to their later life problems and the find-
ings in the brains at autopsy.

In this chapter, we will review the studies suggesting cumulative effects
of multiple concussions. The interpretation of the data will be discussed.



The limitations of the data, given the recent changes in management of this
injury, will also be discussed. Some guidance in determining when an athlete
ought to consider retiring from collision or contact sports will be offered. A dis-
cussion of chronic traumatic encephalopathy, a more recent diagnosis made in
several former NFL players, will be reviewed.

In the Sports Concussion Clinic in the Division of Sports Medicine of Child-
ren’s Hospital Boston, athletes and their families often want to know whether
or not it is safe to return to sports after a concussion. “How many is too many?”
they often ask. This is a difficult question to answer. Only a few medical studies
have investigated this question. The results are difficult to interpret, because the
way in which we diagnose concussion and manage athletes who sustain concus-
sions has changed substantially over the last 10 to 20 years. However, this chap-
ter will discuss some of the ways in which this question can be answered.

Many clinicians will say that if an athlete has sustained three or more concus-
sions over the course of his or her lifetime, then he or she should be removed
from contact and collision sports. Although, I disagree with this practice, it is
not entirely unreasonable. It is based on some medical evidence. Several studies
have asked former athletes whether or not they ever sustained a sport-related
concussion. Those who answered yes were asked how many they had sustained
over the course of their lifetime. Then, measurements were taken of their brain
function. Their memory was tested. Their reaction time was measured. The
speed with which they are able to work through problems was measured. These
studies showed that those athletes who reported they sustained three or
more concussions during their lifetime performed worse on the tests of brain
function than those athletes who reported never sustaining a concussion. They
suffered more symptoms and had more subjective memory problems than
those who reported fewer concussions. For this reason, many medical profes-
sionals feel that after three concussions athletes should retire from contact and
collision sports, since these sports carry the highest risk of concussion.

Indeed, this will seem like a very reasonable recommendation to most read-
ers. But before reaching such a conclusion, let us consider some aspects of these
studies. Most of the former athletes questioned played sports in the 1960s
through the 1980s. Those readers who were also playing sports at that time will
recall that the diagnosis and management of concussions was much different at
that time. In order to be diagnosed with a concussion back then, an athlete had
to be knocked unconscious for so long that the game had to stop and the
athletic trainer had to come onto the field and tend to the athlete.

Nowadays we know that 90 percent of concussions in sports do not involve a
loss of consciousness. We know that athletes who sustain a rapid acceleration of
the head followed by confusion, disorientation, nausea, headaches, imbalance,
dizziness, and slowed speech have sustained a concussion. Decades ago, such
athletes were not routinely diagnosed with a concussion. They were simply told
they “got their bell rung,” were “shaken up on the play,” “got a ding,” or that
they “got a dinger.” Therefore, I suspect that many of the athletes in those
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studies who reported having three or more concussions may have sustained
many more concussions by today’s standards.

Similarly, the management of concussion has changed considerably. During
the 1960s through the 1980s, athletes who sustained a sport-related concus-
sion were often returned to play while still suffering from the symptoms of their
concussion, many on the same day of their injury. In fact, most were returned to
the game only a few plays later. Missing a game or practice after a concussion
was uncommon. Therefore, the poorer brain function, or “cognitive dysfunc-
tion,” noted in these studies may not reflect the total number of injuries athletes
sustained but, rather, the fact that they sustained multiple injuries before they
were fully recovered from previous injuries. Nowadays, we no longer return
athletes to play while they are still experiencing symptoms from a concussion.

As noted, medicine has not yet figured out how many concussions is too
many. And in fact, it is likely no such number exists. The number of concussions
that leads to permanent deficits in memory, concentration, and other cognitive
processes is likely to be different for each athlete. The number that increases
the risk of dementia and other problems later in life is also likely different
for each person. It might depend on the timing of the concussions with respect
to one another. It might depend on the genetic makeup of the athlete. It might
depend on the amount of force involved with each injury. And there may
be many other factors involved that no one has yet considered. As we shall
see, the overall number of concussions an athlete has sustained still plays a
role in decision making about whether or not the athlete should return to
contact or collision sports. But it is not the only factor, or even the main factor,
in making such a decision. And there is no magic number after which physicians
caring for athletes mandate retirement. For some athletes, the recommendation
to retire from collision or contact sports might be made after only one or
two concussions. Other athletes might be cleared to return to play after six
or seven.

So if there is no magic number, how can you decide when an athlete has
sustained too many concussions and should consider retiring from contact
or and collision sports?

Several other factors besides the overall number help make this decision.
Many of these are the same factors discussed above when deciding when it is
safe to return an athlete to play after a sport-related concussion. For complete-
ness’ sake, they will be reviewed here.

Force: For some athletes, as the number of concussions sustained increases,
the force required to produce a concussion seems to decrease. For example,
many athletes will report that their first concussion was sustained by a high
force mechanism, such as a motor vehicle accident or a major blow delivered
directly to the head by a larger opponent. Their second concussion was sus-
tained by a more moderate force, such as a blow during a body check in ice
hockey that witnesses recall as being a “big hit.” But after the first several
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concussions, many athletes report developing symptoms after an accidental
blow to the head by the arm of an opponent or friend. This is a concerning sign,
and will prompt clinicians to discuss retirement form contact or collision sports
with the athlete.

Slower recovery: Most athletes will recover from their concussions quickly,
in a matter of days to weeks. As noted, in college aged athletes 90 percent of
would-be completely symptom-free within 10 days of their injury. In high
school aged athletes, nearly 85 percent will be symptom-free within one week
of their injury. For some athletes, however, the recovery is markedly longer, last-
ing weeks to months. For others, they recover from their first few, concussions
quickly, just as most athletes do. But as they sustain more concussions, the
recovery time increases, lasting weeks to months, or in some rare cases, longer
than a year. This is another concerning sign that will prompt many physicians
to discuss retiring from contact or collision sports with the athlete.

Pronounced cognitive losses: As discussed previously, cognitive function
refers to one’s ability to think, remember, concentrate, and reason. After a con-
cussion, many athletes lose some of their cognitive function. As they recover,
they regain their cognitive abilities. Full reattainment of cognitive function is
one of the requirements for returning to play. For some athletes the cognitive
losses they experience at the time of injury increase as the number of concus-
sions increases. That means, their memory, reaction time, and the speed with
which they process information becomes markedly worse after, say, their fourth
concussion than it was after their first. This is another concerning sign that often
prompts physicians to recommend retirement.

Similarly, some athletes will regain their cognitive function very quickly after first
one or two concussions. However, as the overall number of concussions they sustain
throughout their lifetime increases, the amount of time required for them to regain
their cognitive function after injury also increases. When this occurs, many physi-
cians will raise the issue of retiring from contact or collision sports with the athlete.

The decision to retire an athlete from contact or collision sports is a compli-
cated one. For most athletes, retiring from these sports has a major impact on
their lives. For professional athletes, their means for earning a living is taken
away. For amateur athletes and college athletes trying to make the professional
leagues, they have to give up their dream of playing in the pros. They have to
choose another career. For college athletes without professional aspirations,
high school athletes, and younger athletes, much social activity, self-identity,
and enjoyment comes from participation in contact or collision sports. These
athletes’ physical health is improved by participation in sports. Many clinicians,
parents, teachers, and other adults underestimate the importance of sports par-
ticipation in young people’s lives. Often, when athletes stop playing contact and
collision sports, they lose their friends. This is usually unintentional. But most of
the contact these athletes have with their friends is before practice, while dress-
ing for sports, stretching, warming up, after practice while changing and shower-
ing, and on the bus ride to games. If concussed athletes are not around during
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these times, they miss out on conversations, jokes, the latest gossip, and the dis-
cussions that make people friends. This can be quite devastating.

In the Sports Concussion Clinic of the Division of Sports Medicine at Children’s
Hospital Boston, the decision is most often made jointly, after a long discussion
between the athlete, the athlete’s family, other people important to the athlete,
and the doctor. Often, the conversation involves a neuropsychologist, nurse prac-
titioner, and other members of the care team. This conversation takes place over a
series of visits and lasts weeks to months. It is usually initiated after one of the
above findings has been noted: 1) less force seems to be required to produce a
concussion; 2) the athlete appears to take longer to recover from successive con-
cussions; 3) the athlete has more prolonged cognitive deficits after concussions
than previously; or 4) the athlete has sustained many concussions. If none of
these factors applies, the athlete or, for younger athletes, the athlete’s parents will
often initiate the conversation by asking, “How many concussions is too many?”

I tell the athlete and others involved:

1. There is some risk of long-term problems after multiple concussions.
2. No one knows how many is too many.
3. The number is likely different for each athlete.
4. We will monitor the athlete for the factors noted above, and if they occur, we

need to discuss possible retirement.
5. Athletes must understand that, even without the factors discussed above, there

remains some risk.
6. They must decide for themselves whether or not they are willing to take that risk.

For athletes who earn their living by playing professional sports, most will
accept a certain amount of risk and will continue to play after several concus-
sions. For those young athletes who do not seek to play professional sports, or
who do not have a realistic chance of playing professional sports, most will
assume less risk, and will retire from high-risk sports after fewer concussions.

Ultimately athletes make the decision to retire themselves. On rare occasions,
when the risk of returning seems too great, clinicians will refuse to allow an ath-
lete to return against his or her wishes. But this is rare. In fact, of the more than
1,000 athletes we have cared for in the Sports Concussion Clinic, I can think of
only one or two cases where an athlete was forced to retire from collision or
contact sports against his or her wishes as a result of concussions. And even in
these cases, they were encouraged to seek a second opinion.

What are all the news stories I see regarding professional athletes
and concussion about?

Recently, there has been a flurry of media activity surrounding retired pro-
fessional football players who have suffered dementia and other problems years
after retirement. It is suspected that many of these problems resulted from their
years in football, either as a result of sustaining multiple concussions, or as a
result of sustaining multiple blows to the head that did not result in concussions.

The Cumulative Effects of Concussion 127



As noted, for a long time, people have suspected that multiple blows to the
head might be bad for brain function. Indeed, many readers will recall state-
ments about certain athletes in the past, meant as a joke, such as “that guy took
one too many knocks to the head.”While often said in jest, these types of state-
ments, as with most jokes, had some element of truth to them.

Some physicians have also suspected that multiple blows to the head could
cause problems. Dr. Martland’s aforementioned article in the Journal of the
American Medical Association in 1928 discusses a condition in boxers which
he termed “punch drunk.” Later, this same entity came to be known by the
more medical-sounding term, dementia pugilistica. Boxers suffering from
dementia pugilistica had difficulties with memory, thinking, and concentration.
They walked abnormally with a distinct dragging of the foot or leg. They often
spoke slowly, and had notable changes in their faces.

The retired football players currently being discussed in the media suffer
from a very similar and perhaps identical entity, known as chronic traumatic
encephalopathy.

In 2005, in the medical journal Neurosurgery, Bennet Omalu, the pathologist
who would later describe the case of defensive back Andre Waters, described
the case of a retired National Football League Player who exhibited much of
the same findings as boxers suffering from dementia pugilistica. After death, this
former football player underwent an autopsy. His brain was notably different
from that of a normal, healthy person. As he had no known trauma or blows
to the brain except for those which he experienced while playing football, these
changes in the brain were attributed to injuries he had sustained while playing
football. Since that time many other cases have been described by Dr. Omalu
and others. Here in Boston, a group known as the Center for the Study of
Traumatic Encephalopathy studies the brain of deceased, former athletes sus-
pected of suffering from chronic traumatic encephalopathy. They have pub-
lished the results of 47 cases of this condition. They have discovered it is not
exclusive to football players, or to former professional athletes.

It is not clear exactly what causes chronic traumatic encephalopathy. Cer-
tainly, it seems to be related to repeated blows to the head. Many of the athletes
first noted to have CTE sustained multiple concussions over their careers. This
led doctors to believe that CTE resulted from multiple concussions. However,
CTE has since been discovered in athletes who were not known to have suf-
fered many concussions. It is possible that these athletes sustained multiple con-
cussions and simply did not tell anyone about them. But it also raises the
possibility that CTE does not result from the multiple concussions, but rather,
from the hundreds or thousands of blows to the head that boxers and football
players routinely sustain that do not cause a concussion. During nearly every
play, the head of a lineman playing American football collides with his oppo-
nent. Most of these blows do not cause a concussion. But perhaps they result
in some small amount of injury to the brain that, when repeated thousands of
times over the course of a career, ultimately leads to chronic traumatic
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encephalopathy. Similarly, boxers sustain many punches to the head over their
careers. Most of these punches do not result in a concussion. But perhaps each
punch, even when it does not cause a concussion, results in some small amount
of injury to the brain that, when repeated thousands of times over the course of
a boxer’s career, leads to chronic traumatic encephalopathy.

Of course, there may be other factors involved. There are many football play-
ers and boxers who do not develop the clinical signs and symptoms of CTE, even
after years of play. We do not yet know what the difference is between those who
develop chronic traumatic encephalopathy clinically and those who do not. Some
studies have suggested that it may be due to genetic factors; some athletes may
be predisposed to developing CTE after injury when compared to others. It
may be due to environmental factors. Athletes taking certain medications, nutri-
tional supplements, ergogenic aids, or vitamins may be at higher risk of CTE than
others. It may have to do with the timing of the injuries. Perhaps sustaining
repeated blows to the head at a certain age results in chronic traumatic encepha-
lopathy, whereas at other ages it does not. Or it might not be related to any of
these factors. Researchers are actively trying to determine which factors place
athletes at risk for CTE so that we can better prevent and manage this disease.

In summary, for some athletes, multiple concussions will lead to a loss of
some cognitive function that is not recovered. Some athletes who sustain multi-
ple concussions over the course of their athletic careers will have problems later
in life, including decreased cognitive abilities, dementia, mood disorders, head-
aches, and insomnia. The number of concussions that ultimately leads to long-
term problems is unknown, and likely differs between athletes. It is likely that
some athletes will sustain multiple concussions and not have long-term
problems. Still others may sustain long-term problems after only a few
sport-related concussions. Currently, there is no way for clinicians to tell which
athletes are at risk for suffering problems later in life. There are likely multiple
factors involved, including the number of injuries, the amount of force with
each injury, and some underlying predisposition for long-term problems after
a concussion in certain athletes. Until more is known, athletes should consider
their own personal risk, the importance of high-risk sports in their lives, and
their long-term career goals when making decisions to return to contact sports,
collision sports, or other high-risk activities.
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12

The Female Athlete: Are Girls and

Boys Different When It Comes to

Concussion?

In January 2010, Australian snowboarder Torah Bright was considered a favor-
ite to win the Olympic gold medal. With an inspiring performance in the 2006
Olympics, and countless other demonstrations of her ability since, Bright was
favored over her two American opponents. Approximately two weeks before
her bid for the Olympic gold, she was at the Winter X Games in Aspen,
Colorado. During a routine training run, Bright accelerated up the side of the
half pipe wall. Once airborne she completed a 540-degree turn, something
she had done many times before without difficulty. This time, however, she lost
control in the air. She cascaded down the wall. Her arms, rotating backward in
an effort to help her regain her balance, were not in position to break her fall.
The edge of her board landed first, catching on the down slope of the half pipe,
and sending her body spinning. Her head snapped backward as her body
landed, the back of it, striking the ground sharply. She brought her hands to
her head almost immediately. She moved little until medical help arrived. With
a shot at the Olympic gold medal only weeks away, she lay on the cold snow,
stunned and nearly motionless.

Torah Bright was concussed.
While sport-related concussion is most commonly discussed as an injury to

male athletes, it is a growing concern in the female athlete as well. It is likely that
the focus on male athletes stems from their involvement in contact and collision
sports. Historically, male athletes have played these sports in much greater
numbers than female athletes. In the past, male athletes played much more
aggressively than female athletes did. But this has changed decidedly over the
last several decades. More and more female athletes are participating in contact
and even collision sports, such as rugby.
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Currently, over 178,000 women participate in sports sponsored by the
National Collegiate Athletic Association. It is estimated that 3 million female
athletes participate in high school sports. The number of women participating
in contact sports, collision sports, and even combat sports is on the rise. The last
several decades has seen the formation of women’s leagues for collision sports
such as American football and rugby as well as combat sports such as boxing.
Laila Ali, the daughter of former heavyweight champion Muhammad Ali,
became famous in the last decade after becoming a professional boxer. Indeed,
while I was attending Boston College in the 1990s, the women’s rugby team
won the national championship. Along with this increase in popularity has
come more aggressive and even ferocious play in women’s sports. This has led
to increased recognition of concussive brain injury in female athletes.

Still there are some differences between male and female athletes with
respect to concussion. In terms of the percentage of female athletes sustaining
a concussion within a given sport, some medical evidence suggests that female
athletes are at higher risk than their male counterparts. Some medical studies
conducted in sports played by both female and male athletes suggest that
women suffer higher rates of concussion. Multiple investigators have noted
higher rates of concussion in women’s soccer and basketball than in men’s soc-
cer and basketball, both at the high school and college levels.

Several possible reasons for this discrepancy exist. Some researchers believe
that female athletes are simply more honest than male athletes, reporting their
injury more frequently. Others argue that perhaps the difference is cultural.
Male athletes are often taught that they should “tough it out” through an injury
and report that nothing bothers them even when they are injured. Several medi-
cal studies have shown that female athletes report more symptoms after
sustaining sport-related concussions than male athletes. Furthermore, they
tend to rank their symptoms as more severe. They often complain of having
symptoms for longer periods of time than their male counterparts. Some argue
that these studies provide evidence of female athletes being more honest than
male athletes. However, it is equally possible that female athletes have worse
symptoms and take longer to recover than male athletes. Men may be just as
honest but are truly recovering more quickly. Thus far, no one has been able
to tease out these two possibilities.

If it is true that women and girls are more likely to sustain concussions and to
require longer recovery times than male athletes, it begs the question: why?
There are several possible reasons why female athletes may be more likely to
sustain concussions and may take longer to recover from concussions.

Some researchers argue that the difference is biological. As we have already
learned earlier in this book, concussion is due to a rapid, rotational acceleration
of the brain at the time of impact. We have also learned that by strengthening
the neck muscles, athletes might reduce their risk of sustaining sport-related
concussions. A medical study by athletic trainer Ryan Tierney and colleagues
showed that female athletes have 49 percent less muscle strength and
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30 percent less muscle girth than male athletes. Given their larger mass, larger
muscle mass, and increased neck muscle strength, male athletes may be less
likely to sustain sport-related concussions than female athletes competing in
the same sport.

Some doctors and scientists have suggested that the different concentrations
of hormones circulating in the blood may change the risks of sustaining a con-
cussion and recovering from a concussion. In particular, it has been suggested
that the female sex hormone, estrogen, may make females more susceptible to
concussive brain injury. However, the exact role of estrogen is controversial. In
laboratory experiments using rodents, giving estrogen to male mice has
improved their outcome after a traumatic brain injury. Female rodents given
extra estrogen prior to traumatic brain injuries, however, did markedly worse.
Thus, the true effect of estrogen, if any, on outcome after traumatic brain injury
remains unclear. Whether or not estrogen has any effect on the risk of sus-
taining a sport-related concussion or the recovery after suffering a sport-
related concussion is unknown.

One of the advantages of computerized neuropsychological testing is that it
allows us to measure or quantify the degree of injury, or brain dysfunction, after
a concussion. Studies have revealed differences in cognitive function between
male and female athletes. These differences are true both before and after
injury. Clearly there are some differences between male and female athletes in
the way the brain operates. In one study, collegiate women’s soccer players
who sustained a concussion had slower reaction times than male collegiate soc-
cer players who sustained a concussion. Other studies have shown differences
in memory between male and female athletes. Still, the role that these potential
differences in cognitive function has on risk of sustaining a concussion or time
required to recover from a concussion remains unknown.

In summary, there does appear to be differences in the risk of concussion
between male and female athletes, with women and girls being at higher risk
of sustaining injury. Similarly, there is some evidence suggesting that female
athletes might take longer to recover from concussions than male athletes.
The reasons for these potential discrepancies are unknown. Honesty in report-
ing, differences in muscle mass or strength, varying hormone levels, or discrep-
ancies in cognitive abilities are all being considered as potential factors.
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Setting Up a Concussion Program

On Friday September 25, 2009, talk show host Conan O’Brien was engaged in
a mini mock triathlon against Desperate Housewives star Teri Hatcher. The last
leg of the event consisted of a footrace. As they descended the studio stairs,
Hatcher had a slight lead. They mounted the stage and dashed for the finish
line. Approximately 6 feet before the finish line, O’Brien’s legs slid out in front
of him. He fell backwards. The back of his head struck the ground with an audi-
ble “boom.” Per his own report on a later show, O’Brien had confusion for sev-
eral minutes after the event. He said, “In the moment, I saw stars. But I tried to
keep going.” He was unable to recall the year. He was unfamiliar with his
remaining duties for the show. He had significant amnesia for the events follow-
ing the injury.

Conan O’Brien was concussed.
That’s right. Concussion doesn’t only happen during organized sports. Those

of us in the field of sports medicine must be prepared to care for our athletes’
injuries, regardless of where or how they occur. A comprehensive concussion
program will help in that effort.

Many readers will recall that in the 1980s concussion was not considered a
serious injury. It is only during that decade that medical investigators started
examining the effects of concussion on brain function. Much of the medical
and scientific evidence reviewed in this book is relatively new. The current
approaches to assessing and managing concussive brain injury are also rela-
tively new. Many athletic trainers, physicians, neuropsychologists, and medical
professionals will be unaware of some of these findings, guidelines, and recom-
mendations. This should not be alarming. Medical information does not come
about as the result of one or two studies. Medical practice changes only as a
result of many studies, investigating various aspects of a medical problem, and
all pointing to a similar conclusion. Given the other injuries, illnesses, and dis-
eases that medical professionals must manage, concussion may represent a very
small proportion of an individual clinician’s practice. Therefore, the first step in



setting up a comprehensive concussion management program will be to identify
a clinician who is knowledgeable about the assessment and management of
sport-related concussions. In many communities, such an individual may not
be readily available. In this case, clinicians who are interested in the assessment
and management of concussive brain injuries should be encouraged to review
the available medical literature and start a management program from scratch.

Ideally, a comprehensive concussion management program consists of many
medical professionals from different specialties as opposed to a single clinician.
Ideal programs include athletic trainers, physicians, neuropsychologists, other
medical clinicians such as nurse practitioners or physician assistants, sports
psychologists, and physical therapists. The roles of each of these medical profes-
sionals will be discussed in further detail below.

Once clinicians have been identified who will assess and manage the sport-
related concussions of a given group of athletes, they must decide collectively
which standardized assessments will be used. A standard symptom inventory
should be used among all clinicians for all athletes. Likewise, a standard balance
assessment should be used by all clinicians and for all athletes. The balance
assessment should be measured and scored in precisely the same way by all indi-
viduals participating in the program. This will allow for consistent measurements.
Similarly, a single standardized sideline concussion assessment tool should be
chosen so that all clinicians are performing the same sideline assessment on every
athlete. Finally, a computerized neuropsychological assessment should be chosen
and a baseline assessment should be performed on every athlete.

As mentioned previously there are several different symptom inventories
available. Prior to the start of the season the clinicians who will be caring for
the athletes should get together and decide which symptom inventory they will
use. They must decide whether, during the baseline assessment, an athlete
should score any particular symptom he or she is experiencing on the day of
the baseline assessment, or whether all athletes who are not currently con-
cussed at the time of the baseline assessment should score a zero. Therefore,
after injury athletes would only score those symptoms that resulted from the
concussion. For readers who are looking to start a comprehensive concussion
management plan but are unfamiliar with symptom inventories, the Standard-
ized Concussion Assessment Tool version 2 is available for free online and
includes an excellent symptom inventory known as the post-concussion symp-
toms scale. At the time of this writing, typing “SCAT 2” into the Google search
bar and clicking on the first recommended link will take you to a free, down-
loadable version of the SCAT 2.

Baseline balance assessment must also be obtained for every athlete prior to
the start of the season. There are several versions of the balance error scoring
system available. Perhaps the easiest to use and most accessible to the
reader is the modified balance error scoring system proposed as part of the
Standardized Concussion Assessment Tool version 2. Again, it is available for
free online.
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Clinicians caring for athletes must also decide on which sideline assessment
they will use. This decision should be made primarily by the clinician who will
be on the side of the field, ice rink, or court, and is most likely to be present
when a concussive injury occurs. For most athletic teams, this will be the ath-
letic trainer. Again, several sideline concussion assessments are available
and have been reviewed previously in this book. Some are available for free
online.

Finally, the group must decide which computerized neuropsychological
assessment will be used. This will depend heavily on which clinicians will be
caring for the athletes. Each of the computerized neuropsychological assess-
ments uses different testing paradigms, different ways of scoring the test, and
different ways of reporting athletes’ scores. The clinicians, regardless of their
background, need to undertake training in the specific computerized neuro-
psychological assessment chosen in order to correctly administer and interpret
these tests. There are several versions available. Readers who are starting a
comprehensive concussion management program in the area should contact a
local physician or neuropsychologist experienced in the assessment and man-
agement of sport-related concussions in order to determine which computer-
ized neuropsychological assessment will be best for their program. If no such
clinician is available in your area, athletic trainers can often be useful in identi-
fying a doctor or other clinician who might be interested in collaborating in a
comprehensive concussion management program.

In most cases, the athletic trainer will coordinate the baseline assessments of
the athletes, ensuring that a baseline symptom inventory, a baseline balance
assessment, a baseline sideline assessment, and a baseline computerized neuro-
psychological test is obtained for every athlete. As the athletic trainer will often
be on the sidelines, courtside, or rink side when concussive injury occurs, it is
the athletic trainer who will be responsible for repeating the sideline assessment
when diagnosing an athlete with a sport-related concussion. The athletic trainer
will ensure that the athlete is not returned to sport until completely recovered
from the concussion. The athletic trainer will coordinate all required follow-up
and medical appointments.

The team physician’s presence can vary based on availability, team
resources, and other factors. Ideally the team physician is present at all compet-
itions. For many teams, the athletic trainer will respond first to all injuries. The
team physician will be available to the athletic trainer for any injury that should
require further medical assessment. In other settings, the athletic trainer
and team physician will respond to injury simultaneously. In some circum-
stances, the team physician may not be present at competitions. In these situa-
tions the team physician’s role is to see the athletes in clinic, provide further
assessment, treatment, and coordinate all outpatient care. In an ideal program,
the athletic trainer and team physician work closely together.

Nurse practitioners and physician assistants function similarly to the team
physician, and usually under the guidance or supervision of the team
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physician. While in some cases they may be present at athletic events, their
main role is in the clinic, where they will assess and manage injuries on an out-
patient basis.

Many teams may have a designated neuropsychologist who works closely with
the team physician in the assessment and management of sport-related concus-
sions. Neuropsychologists will help make the diagnosis of the sport-related con-
cussion, particularly in situations where the diagnosis may be somewhat
unclear. They may administer and interpret both computerized neuropsychologi-
cal tests as well as traditional neuropsychological tests in order to ascertain an
athlete’s brain function. They will prescribe therapies and strategies to help an
athlete recover from his or her concussion. They will provide academic accom-
modations for student athletes, which allow athletes to safely participate in school
while recovering from their concussions. They will help determine when an
athlete has recovered from his or her concussion. They will guide the athlete in
safely returning to play.

As noted previously, while most athletes will have recovered from their con-
cussions relatively quickly, a minority of athletes will take several weeks to
months to recover completely from their sport-related concussions. Such pro-
longed recoveries can often have negative effects on an athlete’s mood, behav-
ior, and overall disposition. In these circumstances, a sports psychologist, or, if
a sports psychologist is unavailable, a general psychologist, will be useful in
counseling, teaching coping strategies, and assessing for more serious mood dis-
orders. While few teams will have a dedicated sports psychologist, most team
physicians will have a sports psychologist with whom they work closely and
may refer athletes in need.

The physical therapist in most concussion programs will be used to prepare
an athlete who sustains a sport-related concussion for a safe return to sports.
As noted previously, once the athlete is recovered he or she should not be
returned directly into competition, especially after a period of prolonged rest.
After long periods of rests, athletes become weaker, slower. They lose some of
their agility and confidence. Their strength, conditioning, speed, reaction time,
and confidence, all need to be restored prior to returning to competition. There-
fore, athletes who have recently recovered from a concussion will start by
engaging in some light aerobic activity. They will advance along several
return-to-play stages in a stepwise fashion, advancing to more rigorous forms
of exercise only if they remain symptom-free at previous levels. Physical thera-
pists can help monitor this return to play. They can ensure that prior to
returning to competition an athlete is fast, agile, strong. Returning to play prior
to achieving adequate speed, agility, and strength places an athlete at increased
risk for any sport related injury, not only concussion. Therefore, these important
phases of return to play should not be ignored. Standard return-to-play stages,
from the Second International Conference on Concussion in Sports are shown
in Table 13.1.
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Once all personnel have been identified, have agreed to participate, and
have been appropriately trained in assessing and managing sport-related
concussions, baseline assessments should be made and the concussion man-
agement team should meet and discuss a plan of action. The plan of action
should include which preseason baseline assessments will be performed,
who will perform them, and when they will be performed. The plan should
include guidelines for the acute response to injury, for the clinical, outpatient
management, and for return to play. Below is an example of a concussion
action plan. These plans of action are most effective if written down and
distributed to all medical personnel, coaches, parents, and other people
involved with the team.

A concussion action plan, or concussion protocol, is a written document
developed by all members of the sports medicine team. It consists of seven
major components.

I. The definition of concussion. The concussion action plan often starts by
defining concussive brain injury and describing some of the characteristics of
a concussion, including some of the ways athletes sustain concussions.

II. The signs and symptoms of concussion. Often, the concussion action plan will
contain lists or tables that review for the sports medical team the signs and
symptoms most often associated with sport-related concussions.

III. Preseason items. All actions that should be performed prior to the start of the
season are described in this section of the concussion action plan. The baseline
assessments that the sports medicine team has chosen to obtain on all at-risk
athletes will be described in this section. Any cervical muscle strengthening
or other preventative strategies will also be included here.

IV. On-site response to injury. This section details the immediate response to an
injured athlete. It should review proper techniques for immobilizing an athlete
and transporting an athlete to a local emergency department when necessary.
For athletes who sustain less emergent injuries, specifics are given for monitoring
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Table 13.1
Return-to-Play Stages.

Step Level of activity

1 No activity, complete rest. Once asymptomatic, proceed to level 2.

2 Light aerobic exercise such as walking or stationary cycling, no resistance
training

3 Sport specific exercise -for example, skating in hockey, running in soccer;
progressive addition of resistance training at steps 3 or 4.

4 Non-contact training drills.

5 Full contact training after medical clearance.

6 Game play.



the athlete after injury. Often this section will include instructions to be given to
the athlete, the athlete’s roommates or family members, and others who will be
with the athlete for the 24 hours following the injury.

V. Outpatient response to injury. This section describes how the athlete will be
managed during the days and weeks following a sport-related concussion. It
will describe which providers are involved in the care of the concussed athlete.
It will describe some initial therapies as well as which members of the larger
team or school community need to be notified. Concussion action plans at aca-
demic institutions will often include academic planning and how academic
accommodations can be put into place for the concussed athlete. Which mem-
bers of the sports medicine team will discuss the situation with school adminis-
trators is often discussed in this section. Usually, this part of the concussion
action plan includes the requirements for determining when an athlete has
completely recovered from his or her concussion.

VI. Off-campus injuries. Although it is most common for athletes to sustain their
concussions while participating in sports, concussions also occur outside of
sports. The truly detailed concussion action plan includes an approach to
assessing and treating those concussions that occur outside of organized sports
activity.

VII. Return to play. Specific guidelines for returning an athlete to play who has
recently recovered from a sport-related concussion are discussed. The stages
that must precede the return to game play, the monitoring of the stages, and
the specific activities allowed during each stage are often outlined in this
section.

Not all concussion action plans are the same. Not all contain every section.
Others may contain information not mentioned here. The action plan should
be tailored to suit the needs of the athletes covered by it. It should be adjusted
to account for the circumstances, sports being played, type of sports equipment
being worn, playing surfaces, number of personnel involved, type of personnel
involved, and available resources. In order to give the reader an idea of what
a concussion action plan looks like, one is included below. It is based on the con-
cussion action plan developed by Rick Burr, the head athletic trainer at Babson
College, in Waltham, Massachusetts. It has been adjusted slightly to be more
generic and perhaps applicable to your team. Some of the terms are in medical
jargon, and you may not be familiar with their meaning. However, this template
can be used by the medical personnel involved in your concussion protocol,
who will be familiar with these terms. In addition, several of the appendices
noted in this sample concussion action plan are included elsewhere in this book,
and therefore not duplicated here.

In order to illustrate how an effective concussion action plan works, two
stories are included as follows. One story is of an athlete who has sustained a
relatively straightforward injury. The other is of an athlete who has sustained
a concussion that has resulted in a more complicated and drawn-out course.
The names used are fictional. The stories themselves do not represent any
specific athlete.

140 Kids, Sports, and Concussion



Free ebooks ==>   www.Ebook777.com

CONCUSSION PROTOCOL FOR YOUR TEAM

Concussion can be defined as a traumatic injury to the brain as a
result of a violent blow to the head, shaking of the head, or spinning
of the head.

POSSIBLE CAUSES OR MECHANISMS

OF INJURY (MOI) OF A CONCUSSION

Direct or Indirect Blows

Blow to the head, face, neck, back, or jaw can all result in a concussion.

• Blow to the body, jarring impact, even if the head isn’t immediately
impacted. The head may be shaken or jarred violently without
impacting the ground or other object.

• Significant whiplash or similar injury to the head/neck/back region.

COMMON SIGNS AND SYMPTOMS

OF SPORTS-RELATED CONCUSSION

Signs (observed by medical professionals, teammates, or others):

• Athlete appears dazed or stunned
• Confusion (about instructions, plays, etc.)
• Forgets plays/cannot recall recent events
• Unsure about game details, score, opponent
• Moves clumsily (altered coordination), has balance problems
• Personality change, uncontrolled emotions (crying or angry)
• Responds slowly to questions, has to think about answers
• Forgets events prior to a hit
• Forgets events after a hit
• Loss of consciousness (any duration)

Symptoms (reported by an athlete):

• Headache, pressure in the head
• Fatigue, wants to sleep, feels sluggish
• Nausea or vomiting
• Double vision, blurry vision
• Sensitive to light, noises, or smells
• Feels dazed or stunned
• Feels “foggy”
• Problems concentrating
• Problems remembering
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These signs and symptoms are indicative of probable concussion.
Other causes for symptoms should also be considered.

RED FLAGS! When these occur, the athlete should be transported
IMMEDIATELY via ambulance to the emergency department

• Seizure
• Loss of consciousness
• Repeated vomiting
• Dilated pupils
• Severe neck pain
• Inability to recognize faces
• Tingling/weakness in arms or legs
• Slurred speech
• Worsening headache
• Inability to stay awake
• Altered consciousness

NOTE! Any athlete who is unconscious should be treated as if he or she
has a head and neck injury, potentially a cervical spine injury!

BASELINE TESTING

ImPACT Neuropsychological Testing

About ImPACT

• ImPACT (Immediate Post-Concussion Assessment and Cognitive
Testing) is a research-based software tool utilized to evaluate
recovery after concussion.

• ImPACT evaluates multiple aspects of neurocognitive function,
including memory, attention/concentration, brain processing
speed, reaction time, and post-concussion symptoms

• Neuropsychological testing is utilized to help determine recovery
after concussion.

All athletes at high to moderate risk (soccer, field hockey, basket-
ball, ice hockey, diving, alpine skiing, baseball, softball, lacrosse)
are required to take a baseline ImPACT test prior to the first day of
participation in that sport. Also included will be athletes with a prior
history of a concussion participating in less risky sports. No athlete
will be allowed to take part in the sport until ImPACT testing is
complete.
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GUIDELINES AND PROCEDURES FOR COACHES

Recognize, Remove, Refer!

Recognize Concussion
• All coaches should be familiar with the signs and symptoms of
concussions that are described on the first page of this document.

• Athletes should be monitored for changes in mental status.

Remove from Activity
• If the coach suspects an athlete has sustained a concussion, the
athlete should be removed from activity immediately, and remain
out of sports until evaluated.

• If at an away competition, the host athletic trainer decisions
regarding playing status are final.

Refer the Athlete to Be Evaluated
• If at an away competition, athletes should present signs and symp-
toms to the host athletic trainer.

• Coaches should report all head injuries to Babson College Sports
Medicine staff on returning to campus.

GUIDELINES FOR STUDENT ATHLETES

All student athletes will be presented with a Concussion Education
program as part of the NCAA Pre-Participation Seminar conducted
annually prior to the first day of practice. Student athletes will also sign,
as part of their Consent Agreement, a statement of recognition that it is
the student athlete’s responsibility to report all concussions or
concussion-like symptoms to the Sports Medicine Staff within 24 hours
of the onset. Student athletes also understand it is the sole responsibil-
ity of the Sports Medicine Staff to manage the return-to-play criteria
following all injuries including concussions.

ON THE FIELD MANAGEMENT

Suggested Guidelines for Management of Concussions
at Your School

Assessment of Cognitive Function and Coordination
General cognitive status should be determined by sideline cognitive

testing performed by the Athletic Trainer on site.

• Sports Concussion Assessment Tool
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Any athlete with a witnessed loss of consciousness (LOC) of any
duration shall be transported by EMS.

Any athlete who has symptoms of a concussion, and who is not sta-
ble (i.e., condition is changing or deteriorating), should also be trans-
ported immediately via EMS.

An athlete who exhibits any of the following symptoms, or other
concerning symptoms, shall be transported immediately via EMS.

• deterioration of neurological function
• decreasing level of consciousness
• decrease in or irregularity of respirations
• any irregularity in pulse
• unequal, dilated, or nonreactive pupils
• any signs or symptoms of associated injuries, spine or skull frac-
ture, or bleeding

• mental status changes such as lethargy, difficulty maintaining
arousal, confusion or agitation

• seizure activity
• any focal neurological deficit

SUGGESTED GUIDELINES FOR CONCUSSIONS

THAT HAPPEN OFF CAMPUS

Athletes/coaches will follow recommendations of the host Athletic
Trainer.

• If recommended by the host Athletic Trainer, athletes should be
taken to the hospital closest to the site of competition for prompt
evaluation.

• Sports Medicine Staff should be notified as soon as possible after
these events.

• The Director of Athletics shall be notified as well as the Public
Safety and Campus Life departments

• All symptoms must be reported for the purposes of developing or
modifying an appropriate health care plan for the student athlete.

• The Sports Medicine staff is responsible for monitoring recovery
and coordinating the appropriate return to play activity progression.

If the student athlete is allowed to return to the dorms or go homewith
their parents, they will be given a Head Injury sheet explaining all recom-
mendations for the student athlete, including actions to take if symptoms
become worse. The student athlete will set up a time to meet with the
Sports Medicine staff the next day, when possible, to reassess the injury.
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MANAGEMENT OF THE CONCUSSION

Whether evaluated on site or reported through another source, the
following steps will constitute the protocol for concussion evaluation
and return to any physical activity under the direct supervision of
Sports Medicine Staff:

Step 1

Immediate Post-Concussion Assessment and Cognitive Testing*
(ImPACT) is administered within forty-eight hours of the evaluation
by an certified Athletic Trainer, unless the student athlete is unable to
perform the test without causing worsening of the athlete’s symptoms.

a. The results are compared to the student athlete’s baseline testing
for any noticeable discrepancies. If there is no baseline data for
the student athlete then the athletic trainer will follow protocol
and compare to national norms, provided by the ImPACT database.

b. If the results of the post injury ImPACT test are comparable to
baseline, and the athlete has no symptoms, the Athletic Trainers will
move forward with exertion tests for returning the athlete to play.

c. If one or more testing areas demonstrate significant or question-
able decline when compared to the baseline, then the test scores
will be reviewed by the designated concussion medical team.
Should the cognitive scores appear reassuring (some concus-
sions present that way) but there is a presence of post-
concussive symptoms, then the concussion medical team will
also assess the case. Appointments will be made to follow-up
the care of the student athlete. The class Dean will be made aware
of special accommodations for academic needs. It could be rec-
ommended that the student athlete avoid all stimuli, including
class work, for a period of time.

d. The concussion medical team will inform the athletic trainer of
specific steps to take, based on the testing results and post-
concussive symptoms. If the concussion medical team recom-
mends more testing, then Your School will adhere to the time
frame given before moving to the exertion test.

Step 2

When the concussion medical team advises that the athlete is ready
for physical exertion, then an Athletic Trainer will perform the following
testing:

__________________________________________
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Stage 1
Under the supervision of an Athletic Trainer, the student athlete will

perform 15–20 minutes of supervised light cardio exercises. Target
Heart rate should be 30–40 percent of maximal exertion.

Recommended Exercises:
Ø Stationary bike, walking on treadmill (10–15 minutes)
Ø Light hand weights, or resistive band rowing
Ø Stretching: quads, calf, hamstring
Ø Single leg balance

__________________________________________

Stage 2
Under the supervision of an Athletic Trainer, and if still symptom-

free, the student athlete will perform 30–45 minutes of supervised light
to moderate cardio and low level type exercises. Target Heart Rate 40–
60 percent of maximal exertion.

Recommended Exercises:
Ø Treadmill, Stationary bike, elliptical, UBE (20–25 minutes)
Ø Light weight strengthening exercises, resistive band work, wall

squats, lunges, step up/down
Ø Stage 1 stretching, active stretching as tolerated (lung walk, side to

side, walking hamstring)
Ø Romberg’s exercises, VOR exercises (walking with eyes focused with

head turn). Swiss ball exercises, single leg balance
__________________________________________

Stage 3
Under the supervision of an Athletic Trainer, and if still symptom-

free, Moderately Aggressive Aerobic Exercise. 60–80 percent of maxi-
mum heart rate.

Recommended Exercises:
Ø Treadmill, stationary bike, elliptical, UBE (25–30 minutes)
Ø Resistive weight training including free weights; MRS/functional

squats. Dynamic strength activities
Ø Active stretching
Ø Initiate agility drills (zigzags, side shuttle, jumping on blocks/tramp)
Ø Higher level balance activities: ball toss on plyo-floor, balance disc,

trampoline, BOSU work
__________________________________________
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Stage 4
Under the supervision of an Athletic Trainer and if still symptom-

free, Noncontact Physical Training. 80 percent of maximum heart rate.
Sport Specific activities
Conclusion retest ImPact

__________________________________________

Stage 5
If balance and neurocognitive function have returned to baseline

and the athlete is still symptom-free, the student athlete my resume full
physical training activity with contact, under the supervision of a Bab-
son College Athletic Trainer.

Resume Full Activity
__________________________________________

If at any time symptoms return, the concussion medical team will be
notified. For athletes with a history of multiple concussions, prolonged
recoveries, injuries that occur with only minimal force or other con-
cerning circumstances, the return-to-play timeline may be adjusted.

AFTERCARE INSTRUCTION SHEET

HEAD INJURY

You have suffered a head injury. Even though you are being allowed
to go to your dorm or home, a relative or friend should stay with you.
You both should read the following instructions:

During the first 24 hours:

1. Eat and drink little. Clear liquids are best if your stomach is upset.
2. Drink NO alcoholic beverages.
3. Relax in bed if possible. Do not exert yourself in any way.
4. Do not take sedatives or sleeping pills.
5. Do not drive a car or motorized equipment.
6. Try to nap or sleep more than usual.
7. If you have lost consciousness (“passed-out”) following a head

injury, we advise that you not be allowed to sleep for periods
longer than two hours without being aroused. You should not
be left alone.
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8. Avoid aspirin, ibuprofen, or compounds containing them. Use
acetaminophen (Tylenol) instead.

9. Avoid watching television, using computers, playing video games,
working online, text-messaging, and reading.

If any of the following symptoms appear, go directly to the Emergency
Department immediately:

1. Persistent nausea or vomiting.
2. Confusion, unusual drowsiness, or loss of memory.
3. Dizziness, trouble walking or staggering.
4. Convulsions or seizures (“fits”). These are twitching or jerking

movements of either the eyes, arms, legs, or body.
5. Pupils of unequal size. The pupil is the dark center portion of the

eye.
6. A severe headache or a headache that is worsening or persistent.
7. Personality changes.
8. Weakness or trouble with the use of arms or legs; or areas of

skin numbness.
9. Unconsciousness or fainting.

10. Stiff neck or fever.
11. Visual disturbances including blurring of vision and double

vision.
12. Unusual sounds in the ear(s), such as ringing.
13. Bleeding or clear liquid drainage from the ears or nose.
14. Difficulty speaking or slurred speech.
15. Excessive sleepiness or difficulty rousing from sleep.
16. Developing shortness of breath or difficulty breathing.
17. Any unusual or abnormal symptoms.

It is important that you report any new or remaining problems
during your follow-up appointment with Sports Medicine. It is not
uncommon for you to have persistent or recurring headaches follow-
ing your head injury. However, those who have remaining difficulties
should be followed either by their physician or Health Services. Should
you have any questions or difficulties, do not hesitate to contact your
own physician or go to the Emergency Department.

Brian is a 22-year-old college ice hockey player at a highly competitive New
England college hockey program. Since high school, he has been actively pur-
sued by many National Hockey League teams. He plans to play professional
ice hockey after graduation. Brian’s team is second in the league, and hoping
to qualify for the NCAA tournament. Only two weeks remain in the season.
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The score is 3 to 2. Brian’s team is down by one. There are nine minutes
remaining in the second period of play. Brian has the puck. He loses control of
the puck as he crosses center ice. He looks down, in an attempt to regain control
of the puck. He is struck in the shoulder by an opposing defensemen. He is
lifted off the ice and hurled backward. As he lands, the back of his head strikes
the ice sharply and bounces up. He is clearly having difficulty balancing, mak-
ing several unsuccessful attempts to stand up, before he is able to steady himself
and successfully skate toward the bench, all the while supporting his body
weight with his hockey stick. He reports to the athletic trainer that he feels “a lit-
tle out of it” and has “a killer headache.” The athletic trainer walks Brian down
the ramp into the hallway behind the bench, where it is somewhat quieter. He
repeats the standardized assessment of concussion and compares Brian’s cur-
rent score to the score he had at the beginning of the season. Noting that Brian
has scored significantly lower, the athletic trainer sends him into the medical
room, where the team physician is waiting. He informs the coach that Brian
has sustained a concussion, has been removed from play, and will not be avail-
able for the rest of the game.

Brian undergoes monitoring with repeat neurological assessments per-
formed by the team physician every 10 to 20 minutes. Over the course of this
monitoring, Brian starts to feel better, although he still has some dizziness and
a headache. Approximately 2 1/2 hours after the initial injury, Brian is feeling
back to normal, with the exception of a mild headache. He has been told by
the team physician that he sustained a concussion. Brian and his roommate
are given information about sport-related concussions. They are each given ver-
bal and written information concerning signs and symptoms to watch for over
the next day. Brian is told to avoid alcohol, to avoid exercising, and to avoid
activities that require concentration, memory, and other intellectually stimulat-
ing activities. Both Brian and his roommate are instructed to seek immediate
medical attention if Brian develops a worsening headache, vomiting, confusion,
sleepiness such that it is difficult to awaken him, or any other concerning signs
or symptoms. The team physician tells Brian to follow up in clinic in two to
three days.

Over the course of the next three days Brian avoids all exercise or other
forms of physical exertion. He avoids intellectually stimulating activities, includ-
ing doing his homework, reading for pleasure, playing videogames, working on-
line, and text-messaging. He sleeps as much as possible. When he follows up
with the team physician three days after his injury he feels completely recov-
ered and back to normal. He has had no headaches since the morning following
his injury. He has not developed any other symptoms. The team physician
clears Brian to start the return-to-play stages. He discusses this with the athletic
trainer, who agrees to monitor Brian’s progress.

Later that afternoon the athletic trainer observes Brian exercising on a stationary
bike in their training facility. After 20 minutes of some light stationary bicycling
Brian continues to feel well. He has had no headaches and no other symptoms.

Setting Up a Concussion Program 149



He is sent home for the evening. The following day Brian returns to class and
has been cleared to resume all intellectual activities, as long as they do not cause
his previous symptoms to recur. That day at practice he is allowed to put on his
skates. The athletic trainer takes him out onto the ice alone and allows him to
skate around the rink for 15 minutes. Since Brian continues to feel well, the ath-
letic trainer gives him a hockey stick and puck and allows him to do some agility
training and puck handling drills. Since he has no recurrence of his symptoms,
he is allowed to do some sprinting on his skates. He continues to feel well and
is sent to the training room where he is allowed to do resistance training,
weight-lifting, with the rest of the team.

The following day Brian reports that he continues to feel well, without any
symptoms from his previous concussion. He has not had any headaches or other
symptoms of concussion despite being allowed to lift weights with the rest of the
team. Therefore, he is allowed to practice with the team. Since this is his first day
back to official practice, Brian is not allowed to participate in contact training
drills. He is required to wear an orange pinney. This orange pinney signifies to
the coaching staff, strength and conditioning coaches, athletic trainer, team physi-
cian, and Brian’s teammates that he is on restrictions and is not allowed to partici-
pate in any contact drills. Every member of the team knows that they are not
allowed to bodycheck Brian and he is not allowed to bodycheck them. Brian feels
well during practice. He has no further symptoms that evening.

Two days later Brian has a follow-up appointment with the team physician.
In reviewing the medical records the team physician notes that Brian has suf-
fered one previous concussion during his lifetime. It occurred four years earlier.
He had approximately one day worth of symptoms with that injury. There was
no loss of consciousness or amnesia associated with it.

Brian reports that he has been feeling well and back to his normal self ever
since the morning after his most recent concussion. He reports that he has been
performing all of his schoolwork without any difficulties or any recurrence of
his symptoms. Furthermore, he reports that he has been practicing fully with
the team, with the exception of contact drills, and that this physical activity
has not resulted in any recurrence of his concussion symptoms.

The team physician has Brian complete a symptom inventory, as he did prior
to the start of the season. Similarly, he performs a modified balance error sys-
tem score as was done prior to the start of the season. He notes that Brian is
completely symptom-free, scoring a zero for all symptoms on the symptom
inventory. He notes that Brian’s balance is steady and his balance error system
score is equal to what it was prior to the start of the season. He has Brian sit
down at a computer and take a computerized neuropsychological assessment,
similar to the one he took prior to the beginning of the season. Brian’s scores
are compared to his preseason baseline scores. They reveal that his memory,
reaction time, and the speed it takes him to work through problems are no
different than they were prior to the start of the season. His symptoms have
completely resolved. They have not returned despite full cognitive exertion

150 Kids, Sports, and Concussion



and full physical exertion, although he has not participated in contact drills. The
team physician therefore determines that Brian is likely recovered from his con-
cussion. He clears him to participate in full practice. He discusses this with the
athletic trainer. Brian completes his first full practice including contact. He
remains symptom-free after practice. He is cleared to compete in the next game
without restrictions.

In the case above, the course of Brian’s concussion is fairly typical. His symp-
toms resolved relatively quickly. In fact, in his case, they resolved in less than
24 hours. Medical studies conducted on college athletes show that approxi-
mately 90 percent will have full resolution of their concussion symptoms within
10 days of injury. Medical studies conducted in high school aged athletes reveal
that nearly 85 percent will have full resolution of their symptoms and be con-
sidered recovered by their athletic trainers within seven days of their injury,
98.5 percent within one month of their injury. However, for a small percentage
of athletes, their sport-related concussions can be far more troublesome. The
case below describes a more complicated course that is experienced by this
unfortunate minority.

Sally is a 14-year-old high school freshman. Described by her teachers as
intelligent, motivated, and energetic, Sally is truly the epitome of the all-
American girl. Her midterm grades were remarkable, with three As, two A
minuses, and one B plus. This is all the more impressive considering that four
of her classes are honors classes. She is on the yearbook committee. She is cap-
tain of her freshman soccer team. She is planning on swimming varsity in the
winter and trying out for the track team in the spring.

The Wednesday before Thanksgiving Sally is playing in a freshman soccer
game against one of the other local schools. She is playing left wing when a
corner kick from one of her teammates drifts across the net towards the goal
post nearest her. She charges forward. The right fullback for the opposing
team and the opposing goalie also make a play for the ball. Out of the corner
of her eye Sally sees the opposing goalie leave the net and sprint towards
her. She leaps upward intending to head the ball and knock it into the upper
right hand corner of the goal, past the onrushing goal keeper. However, the
goal tender makes one last lunge for the ball, leading with both fists and her
right knee. The two collide. The goalie’s left hand punches the ball, clearing
it from the goalie box. The goalie’s right hand strikes Sally in the jaw. Sally falls
backward, colliding with the right fullback, who is also making a play for the
ball. As she falls to the ground, the back of Sally’s head strikes the turf and
bounces forward. The referee blows the whistle and charges the goalie with
unsportsmanlike conduct. Sally’s teammates notice that she is slow to rise.
As they move toward her it becomes clear that she is unconscious. They wave
the coach onto the field. The coach calls for the athletic trainer. Since the
school only has one athletic trainer, one of the players from the bench must
run over to the football field where the athletic trainer is caring for the athletes
playing boys’ football.
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On hearing that someone has been knocked unconscious, the athletic trainer
grabs her rescue bag and sprints toward the girls soccer field. On her arrival,
Sally is awake but clearly confused. Her coach and fellow teammates report that
Sally was unconscious for approximately 45 seconds. Since awakening she has
been asking multiple times why she is on the ground. Despite being told that
she was knocked down during a collision with the other team’s goalie, Sally con-
tinues to ask why she is lying on the ground. The athletic trainer instructs Sally
not to move. She places a hard plastic collar around Sally’s neck, which prevents
her neck from moving. She sends one of the other soccer players into the school
to call for an ambulance. She shines a light into Sally’s eyes, and asks her a series
of questions. Sally does not respond to the athletic trainers questions, but rather
she continuously asks why she is on the ground. Approximately six minutes
later an ambulance arrives. Sally is taken to a local emergency room.

When she arrives at the emergency department Sally continues to ask why
she is lying on the ground. She vomits. Given her confusion, the new onset of
vomiting, and the way she appears to the doctors who examine her, Sally is
taken down the hall to get a picture of her brain known as a computed tomo-
gram or “CT scan.” She has an intravenous line, or “IV,” placed into her left
arm. She is given a medication to help her feel less nauseous and some intra-
venous fluids through her IV. Just then her parents arrive. They are told by
the emergency department physician that Sally has sustained a concussion.
They are told that the CT scan of her brain showed that there was no swelling
of the brain, no bleeding of the brain, and no skull fracture. They suspect that
she will recover fully, but since she remains confused and is vomiting, they
would like to observe her in the emergency department for several hours.

Over the next few hours, while in the emergency department, Sally starts to
return to normal. She stops asking the same questions over and over again. She
realizes that she is no longer on the field lying on the ground but rather in a hos-
pital emergency department. She is no longer vomiting. She recognizes her
parents as well as the emergency department doctor. She starts complaining of a
headache. She seems slow to respond to questions and at times is somewhat dis-
oriented, unable to answer what day of the week it is or how she arrived in the
emergency department. She is able to recall taking a Spanish quiz earlier that
afternoon. She is able to remember the start of the soccer match. But she cannot
recall the name of the team against whom she was playing, nor what the score
was. She does not remember being injured. She does not remember her journey
to the hospital. She is given some crackers and ginger ale, which she is able to eat
without vomiting. The emergency department physician tells her she should stay
out of sports for one week. Her parents are allowed to take her home.

Throughout Thanksgiving Day and the weekend that follows, Sally contin-
ues to have headaches. She is nauseous off and on throughout the day. She noti-
ces while doing her homework that she has difficulty concentrating, often
reading the same sentence multiple times over but still unable to recall its con-
tents. She has trouble with her memory, which she notes while studying for an
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upcoming quiz in American history. She lies awake at night unable to sleep. At
times, she feels unsteady on her feet, particularly while going up or down stairs.
Her mother has been giving her acetaminophen and ibuprofen to help treat her
headaches. Neither of these medications has a significant effect. When she is
nauseous, Sally has been drinking ginger ale. Again this seems to have
little effect.

Sally returns to school on Monday. She notices that by the end of the school
day her headaches have become much worse. She is extremely nauseous and
unable to eat. Over the course of the next few days, she notices that she feels
somewhat better in the morning. But her headaches, nausea, and other symp-
toms seem to get worse as the day progresses. Ultimately she returns to soccer
practice but finds that running, dribbling the ball, and other drills seem to make
her headaches and other symptoms worse. She reports to the athletic trainer,
who is surprised to hear that she was playing soccer again so soon. The athletic
trainer removes her from practice and instructs Sally to avoid exercise until she
is feeling completely back to normal. Furthermore, she recommends that Sally
follow up with her pediatrician.

When Sally’s mother hears this, she immediately calls the pediatrician’s
office and schedules a follow-up appointment. Sally sees her pediatrician the
following week. Her pediatrician informs Sally’s mother that the emergency
department physician was mistaken. Sally should remain out of sports “for
one week after her symptoms resolve, not one week after the injury occurred.”
Otherwise, she reports, Sally is well and should recover shortly.

As the weeks go on, however, Sally realizes that her symptoms are not gone.
While her headaches may not be as intense as they were during the first few days
after injury, and may not be occurring as frequently as they were during the first
few days after injury, she is still having headaches by the end of almost every day.
She finds herself nauseous on nearly a daily basis. Her academic performance has
suffered. Her grades have gone from mostly As to mostly Cs and Ds on nearly all
of the homework assignments, quizzes, and tests since her injury. She has lost
touch with many of her friends with whom she used to play soccer. Since she is
no longer at practice, around in the locker room, on the bus rides to away games,
and other times when her friends hang out, she misses out on all of the fun, jokes,
stories, and discussions that occur during these times. She finds herself exhausted
at the end of the day, having much less energy throughout the day than she had
prior to her injury. She has stoppedmany of the extracurricular activities in which
she used to be involved. Her mother notices she has become quite irritable and,
at times, seems frankly depressed. She has been taking acetaminophen and ibu-
profen multiple times per day and still is having persistent headaches. She has
gained some weight, which both Sally and her mother attribute to the fact that
she is not exercising. Her mother becomes concerned by all of this and schedules
another appointment with her pediatrician.

The following week Sally again sees her pediatrician. The pediatrician per-
forms a very thorough examination. She shines a light into Sally’s eyes and it
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uses a special scope to look into Sally’s eyes. She tests Sally’s reflexes. She tests
Sally’s balance with her eyes open and closed. She has Sally perform various
tests of coordination. She tests Sally’s strength throughout her muscles. In the
end, the pediatrician informs both Sally and her mother that her examination
is normal. She reminds them that the CT scan of Sally’s brain is normal. She sug-
gests that perhaps there is a psychological component to Sally’s symptoms and
offers to send her to counseling. However, both Sally and her mother are con-
vinced that her current symptoms have resulted from her concussion. Later that
evening, Sally’s mother conducts an online computer search and finds a local
physician who specializes in the assessment and management of sport-related
concussions. She makes Sally an appointment for the following week.

On hearing of Sally’s injury, the sports concussion specialist asks whether or
not Sally had any balance measurements, symptom inventories, or computer-
ized neuropsychological testing performed prior to the start of the season, or
at any other time prior to her injury. Both Sally and her mother report that
she had not undergone any preseason assessments. In fact, they have never
heard of such a thing being done. The doctor then asks whether or not Sally
has ever sustained a prior sport-related concussion or other concussion occur-
ring outside of sports. Although never officially diagnosed with a concussion,
Sally does recall falling off of her skateboard approximately five years earlier
and banging her head on the sidewalk. She remembers having two to three
days’ worth of headaches and nausea after that incident but believes she was
otherwise well. The specialist tells her that this too was a concussion. She has
had two concussions over the course of her lifetime.

Sally completes a concussion symptom inventory for the specialist. Her total
score on this post- concussion symptoms scale is 88. The concussion specialist
then tells Sally and her mother that a concussion is a brain injury. As a result of
her concussion, Sally’s brain is not working properly. He believes that Sally
remains symptomatic from her most recent concussion. There are several poten-
tial reasons why Sally has not yet recovered from her concussion. First of all, he
knows that she has sustained a previous concussion. He informs Sally and her
mother that it often takes athletes a longer time to recover from concussions
when they have had other concussions previously. Second, he notes that Sally
had a very small period of physical rest after her injury. Indeed, she returned to
running and even practicing with the soccer team before she had completely
recovered from her concussion. He explains that this sort of physical exertion
prior to recovery may increase the duration of recovery and make an athlete’s
symptoms worse. Further, he notes that Sally has been participating fully in
school. Much like exercise, cognitive exertion can also make an athlete’s symp-
toms worse and delay recovery. Cognitive exertion, he explains, is a medical term
used to describe activities that require memory, concentration, reasoning, learn-
ing, or studying. Finally, the doctor explains that by taking acetaminophen and
ibuprofen every day, Sally may be making her headaches worse. While these
medications are very effective when taken on occasion to treat a headache, their
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daily use often results in a sort of dependence that leads to what are known as
rebound headaches. Rebound headaches can occur when an athlete who has
been taking these medicines regularly tries to stop taking them.

Both Sally and her mother are relieved to know that she is not going crazy.
They are both pleased to have an explanation for the cause of her symptoms
and an explanation as to why it is taking her so much longer to recover from
her concussion than they expected. At the same time, her mother has some
difficulty believing that her symptoms are still due to her concussion. She has
several questions.

1. How can Sally have an injury to her brain when the CT scan of her brain was
normal?

2. Why did he say a concussion was an injury to the brain? She remembers her
brothers being told they had concussions when they were younger. Yet they
were perfectly fine, often returning to sports the very next day.

3. Why is it that they were not told any of this before?

The concussion specialist answers her questions one at a time. He explains
that a CT scan is a picture of the brain. It is useful for determining whether or
not a patient has sustained a structural injury to the brain. Structural injuries
are things like swelling, bleeding, bruises, or cuts to the brain. A concussion,
he explains, is not a structural injury. Rather, it is a functional injury. Although
the brain is not bruised or swollen, it is not working properly. An athlete with
a concussion will have a poor memory, slowed reaction time, and difficulty con-
centrating. It will take a concussed athlete longer to perform tasks that he or she
used to be able to do quite easily. Since a CT scan is a picture of the brain, as
opposed to a measurement of brain function, problems with brain function
cannot be seen on a CT scan.

He explains further that when Sally’s mother and uncles were growing up,
very little was known about concussive brain injury. In fact, the term concussion
was seldom used. Often, an athlete who sustained a concussion was described
as having “had his bell rung,” or having been “shaken up on the play.” A concus-
sion was thought only to have occurred when an athlete was knocked uncon-
scious for so long that he was removed from the game and taken to a local
emergency department. However, medical studies performed over the last
20 to 30 years have revealed that what used to be referred to as “bell ringers”
or “dings” are actually concussions to the brain, injuries that result in measurable
brain dysfunction that lasts for days to weeks after a concussive brain injury.

Finally, he informs her that much of the medical evidence regarding sport-
related concussions has only been discovered in the last several years. Given
the vast amount of information that a pediatrician or emergency medicine
physician is required to learn, it is not surprising that she had not heard any of
this previously. The recommendations for waiting a week after injury or a week
after an athlete’s symptoms resolved were in fact the standard medical
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recommendations until fairly recently. However, these recommendations were
changed in light of new medical evidence.

In order to speed Sally’s recovery, the sports concussion specialist recom-
mends physical rest. This means that Sally should not exercise in any way,
including jogging, swimming, bicycling, aerobic activity, push-ups, sit-ups, or
any other form of exercise. Further, he recommends a period of what he terms
full “cognitive rest.” He explains to Sally and her mother that for the next five
days, he recommends she remain home from school. He recommends she not
engage in any homework, reading, video game playing, working online, text
messaging, or any other activities that involve memory or concentration. This
includes reading for pleasure, such as newspapers and magazines. At the end
of these five days of full physical rest and full cognitive rest, he expects Sally
to feel markedly better than she does currently. He does not believe she will
be totally recovered by then, but rather significantly improved. At that time,
she should return to school.

As her schoolwork and the activities of the school day have proven to make
her symptoms worse, he recommends returning to school in stages. As opposed
to taking her current seven classes, he recommends perhaps starting with three
or four classes. He recommends trying to keep up in classes that build upon
themselves, for example, math class. It is very difficult to learn the math that is
taught in January without having first learned the math that was taught in
December. Often, what is taught in January is based on what was learned in
December. Math, therefore, is a class that builds upon itself. Science is a similar
topic, as are languages such as Spanish or French, which tend to build on them-
selves. Alternatively, English literature classes tend not to build on one another.
The student is able to read Pride and Prejudice whether or not he or she has pre-
viously read Moby Dick. Understanding one book does not depend on under-
standing the other. Therefore, even if a student missed reading one book in
December, he or she is perfectly capable of reading the other book in January.

In addition he prescribes what he calls “academic accommodations.” Aca-
demic accommodations, he explains, will allow Sally to have extra time on tests
and quizzes. They will allow her extensions on her homework assignments.
They will allow for her to take frequent breaks during the day and to go to
the school nurse’s office to lie down when her symptoms are troubling her.
They request that she be given preprinted class notes so that she may focus
on what the teacher is saying during class, as opposed to trying to write it all
down for future studying. He explains to Sally and her mother that the goal of
these academic accommodations is to allow Sally to keep up with her school-
work as best as she can without making her concussion symptoms worse. Ulti-
mately, she is responsible for making up all homework assignments, quizzes,
and tests that she postpones during her recovery period. In rare circumstances,
athletes have to make up missed schoolwork during the summer break.

He believes that this period of full physical and cognitive rest, followed by a
period of relative cognitive rest in which Sally is allowed to return to school but
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is given special accommodations and some limitations on her activities, will
allow her to recover from her concussion while still keeping up with the activ-
ities of her life. He asks that she return to the clinic in two or three weeks so
he can see how she is doing. If she is not significantly improved at that time
there are other options they might consider.

Over the five days of full physical full cognitive rest Sally starts to feel mark-
edly improved. Her headaches become much less frequent. When she does get
headaches, they are much less intense, much less painful. She is still plagued by
insomnia. However, her concentration and memory seem to be improving,
although she has not been engaging in activities that require a lot of concentration
or memory, per her doctor’s instructions. As she returns to school her symptoms
increase slightly. However, she still feels better than she had prior to the five days
of full rest. At her follow-up appointment with the concussion specialist, her total
score on the post-concussion symptoms scale has decreased from a prior score of
88 to a current score of 29. Her main problem is headaches, which she still expe-
riences almost daily, mostly at the end of each day. At their worst she rates them a
five on a scale from zero to six, where zero is no headache whatsoever and six is
the most intense, worst headache she can imagine. She is still suffering from
insomnia, finding it difficult to achieve more than five hours of sleep per night.
She reports to the doctor that when she is able to get six to eight hours of sleep,
her headaches are often improved the following day. On returning to school she
was again bothered by the difficulty she was having with her memory and con-
centration. Per his recommendation she is only taking four classes. However,
she still finds this difficult. Her grades remain lower than usual.

The concussion specialist recommends trying an over-the-counter medication
known as melatonin. Melatonin, he explains, is a hormone secreted by the brain
in normal, healthy people in response to darkness. This is one of the reasons
why we all become tired when it is dark outside. Melatonin, he explains, can also
be purchased in a pill form. There are no significant side effects, as it is a naturally
occurring hormone already circulating in her bloodstream. Getting herself some
extra melatonin may help her fall asleep at night and stay asleep until morning.
This, in turn, may make her headaches and other symptoms better.

He tells Sally and her mother that she is well beyond the typical duration of
symptoms for a sport-related concussion despite a period of full physical and
cognitive rest. Thus, he is ordering a magnetic resonance image the brain, also
known as an MRI. While he suspects Sally’s injury is truly a concussion and
concussion alone, the MRI will rule out other possible causes of her symptoms.

In addition, he orders an electrocardiogram (EKG) of her heart in prepara-
tion for possibly offering Sally a different medical therapy at the next visit.
The electrocardiogram, the doctor explains, is similar to the beeping monitors
often seen on television where every time the actor’s heart beats, the green line
on the monitor screen develops a series of squiggles. If Sally’s MRI is normal, as
he expects it will be, and she has not had significant improvement in her symp-
toms while on the melatonin, he may offer her a medicine called amitriptyline.
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In order to take amitriptyline, he explains, a person needs to have a normal
heart. Although girls her age have normal hearts, he wishes to order the EKG
to make sure her heart is normal, prior to prescribing amitriptyline.

Finally, he asks that Sally schedule an appointment with a neuropsychologist
in the area who treats a lot of patients with concussive brain injury. Although it
may take several weeks before they are able to get the appointment, he feels
that this is important, as it will yield a more complete assessment of Sally’s brain
function. This will enable the neuropsychologist to develop a more specific set
of academic accommodations, and give Sally more detailed strategies that will
allow her to continue her schoolwork while she is recovering.

Over the next few weeks Sally starts taking the melatonin. She notes that she
is able to fall asleep more easily when she goes to bed at night. However, she
often wakes up after only five or six hours of sleep and is unable to return to
sleep. While her headaches are occurring less often and less intensely than they
were prior to starting melatonin, they are still quite bothersome, particularly at
the end of the school day. She returns to see the concussion specialist to discuss
the results of her MRI as well as her EKG. When she reports that she is still hav-
ing some difficulty with sleep and her headaches are still interfering with her
ability to complete the school day, he offers her trial of amitriptyline.

Amitriptyline, he explains, is a medication that was initially used to treat
depression. However, over the years, doctors have noticed that patients who suf-
fer frommigraine headaches often have some relief of the headaches while taking
amitriptyline. Their migraines occur less frequently, and are less painful, when
migraine sufferers take amitriptyline. Over time, this medication became a
therapy for headaches in general. Ultimately, it was prescribed for people suffering
from post-concussive headaches. Patients who are suffering from post-concussive
headaches report that when they start taking amitriptyline, their headaches occur
less frequently. When their headaches do occur, they are less intense. In addition,
amitriptyline is such a powerful medicine for treating headaches that often only
one-tenth of the dose used to treat depression is necessary in order to reduce
headaches. At such a small dose, side effects are rare. The most common side
effect is sleepiness or drowsiness. Since many patients suffering from concussion
have insomnia, just like Sally, this side effect is often desirable.

The MRI report states that Sally’s brain is normal, suggesting that her symp-
toms are due to a concussion alone, as opposed to some other reason. Since her
EKG was also normal, Sally is a candidate for taking amitriptyline. After a dis-
cussion with the concussion specialist about the risks and benefits of amitripty-
line, Sally and her mother decide this is a medicine Sally should try. Therefore,
she is prescribed a very low dose. The doctor recommends she take it only at
night, just as she is getting into bed. Although she may not notice improvement
in her headaches until she has been on the medication for several days, she will
notice the sleepiness even the first night she takes it. He explains the medicine is
not used to treat headaches after they start. Rather, amitriptyline prevents head-
aches from occurring in the first place. Therefore, he asks that Sally take it every
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night, even if she is doing well, without a headache. The goal is to reduce the
frequency with which she gets headaches and reduce the intensity of her head-
aches during the daytime. If, at the end of three weeks of taking the amitripty-
line nightly, Sally has not noticed a significant improvement in her headaches
or insomnia, he recommends she double the dose. He schedules a follow-up
appointment in six weeks’ time.

Sally begins taking the amitriptyline nightly. After being on the medication for
a few weeks, she notices significant improvement in her sleep. She is able to fall
asleep readily. She is able to sleep through the night, often achieving eight to nine
hours of sleep per evening. She has also had improvement in her headaches.
They are occurring much less frequently. She’s getting them only three to four
times a week, most often after a long school day or a significant amount of study-
ing. When the headaches do occur, they are much less intense than they were
previously.When they are at their worst, she rates them a two on a scale of 0 to 6.

When Sally has her appointment with the neuropsychologist, she reports
that she has had improvement in her sleep and headaches. However, she still
notices that she is having difficulty with her schoolwork. Specifically, she finds
that her nightly homework assignments take her three to four hours to com-
plete, even though she is only taking four classes as opposed to her usual seven
classes. She reports that prior to her concussion, she was able to complete her
evening homework for all seven classes in approximately two and half hours.
She still notices that she needs to read sentences multiple times over before
she can understand them completely. She notes that her memory is poor. She
finds it difficult studying for tests and quizzes. She is only able to hold on to
information for a short period of time.

She spends several hours with the neuropsychologist. He uses multiple games,
puzzles, tasks, and tests to assess her brain function. Some of these are computer-
ized. Others involve cards, pencils, and paper. At the end of the assessment he
informs Sally and her mother that her cognitive abilities have been affected by
her concussion. He reports that she is unable to do tasks that, given her previous
academic record, she was likely able to do very readily prior to her injury. He
reports that she will regain all of her previous brain function, but that it may take
some time. He writes her a more specific and detailed academic plan for her to
bring to her school and give to her teachers, school counselor, and principle. He
again emphasizes the need for full physical rest. He reviews the need for cognitive
rest, with the exception of the work she is doing for school. He tells Sally and her
mother that he will send a report to the physician managing her concussion.

When Sally once again follows up with the concussion specialist, she reports
that she has not had any headaches for the previous 10 days. Both she and her
mother have noticed a significant improvement in her overall mood. She is still
complaining of difficulty with school, however. She is wondering if she can start
exercising again.

The report from the neuropsychologist shows that Sally still has significant
deficits in her brain function. Before her injury she was academically very high
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achieving. Now, her brain function is worse than 85 percent of the other female
high school students her age throughout the country. This, he explains, is the
likely reason for the decrease in her grades.

Given that Sally is no longer having headaches or insomnia, the concussion
specialist recommends she stop taking the amitriptyline. He does inform Sally
and her mother that she may have a recurrence of her headaches for the first
few days after stopping the amitriptyline. However, if she is able to tolerate
them, she should continue to stay off of the medication. These will likely resolve
over a few days. If she wishes, she may engage in some light aerobic activity, as
long as it does not make her symptoms worse. He recommends stationary bicy-
cling as a safe way to get some light aerobic activity. If it does make her symp-
toms worse she should return to full physical rest. If it does not increase her
symptoms, she may continue to do aerobic activity, with the understanding that
she should stop if it makes her symptoms worse.

With regard to her difficulty remembering, difficulty concentrating, poor
grades, and poor neuropsychological test scores, the concussion specialist dis-
cusses some possible medications with Sally and her mother. He informs them
both that the medications are somewhat experimental. There are some medical
studies that suggest patients who suffer a traumatic brain injury may have
improvement in their brain function if given these medications. He also informs
them, however, that some medical studies show no improvement in brain func-
tion in patients taking these medications. As with all medications, there are
some side effects associated with these medications. They act directly on the
nerve cells of the brain, or neurons. He discusses with them, in detail, some
other potential reactions. However, since Sally has been suffering from post-
concussive symptoms for so long and the symptoms have had such a negative
impact on her quality of life and academic performance, he does think it would
be reasonable to consider starting one of these medications.

After a long conversation, Sally and her mother decide not to take any exper-
imental medications at this time. She has improved so significantly over the last
several weeks that they hope she will regain all of her brain function relatively
soon. They also hope that many of her other symptoms, such as decreased
energy, feeling depressed, and irritability, will improve when she is allowed to
exercise. Therefore, they will continue with their current plan. If, however, she
has not improved at the time of the next follow-up appointment, they may
reconsider these medications. They make a plan to follow up with the concus-
sion specialist again in six to eight weeks.

Two months later Sally follows up with the concussion specialist. She reports
that overall she feels completely recovered. She has had a significant improve-
ment in her memory, concentration, mood, energy level, and all other symp-
toms. At that appointment she rates her post-concussion symptom scale score
a total of zero. She reports that she has been able to improve her grades, scoring
an A on her last math test and a B plus in biology.
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She brings with her the results from her follow up appointment with the
neuropsychologist. The report shows that Sally had a marked improvement in
her scores. Her memory is currently better than 97 percent of other girls her
age throughout the country. Her reaction time, processing speed, and all other
measurements of her brain function are better than 88 percent of other girls
her age throughout the country. The neuropsychologist believes that Sally has
improved and is perhaps completely recovered. However, he does want to see
her one final time before she is cleared to return to contact sports. The point
of that visit will be to obtain one final measurement of her brain function that
might serve as a baseline or standard assessment of her brain function in the
unfortunate event of another concussion in the future.

The concussion specialist is pleased by this news. He recommends that Sally
gradually return to a full academic load. He asks that she work with her school
and school teachers to determine the best way to return her to all seven classes.
She should develop a plan, with the school, to make up any work that she
missed during her recovery. He also allows Sally to gradually start returning to
sport. Since her last visit, she has been exercising 4 to 5 days a week for 20 to
30 minutes on the stationary bicycle. She reports she has only been doing some
light to moderate cycling. She is hoping to run track this spring. In preparation
for track season, he recommends she start advancing her aerobic activity by jog-
ging. If after a week of jogging relatively short distances at a moderate pace she
remains symptom-free, he recommends Sally start jogging longer distances and
add on some sprinting. If she is able to run longer distances and sprint without
any return of her symptoms, he recommends adding on some resistance train-
ing, such as push-ups, sit-ups, or weight lifting. If she is able to tolerate this as
well, she may start practicing with the track team. He gives her some guidelines
to help guide her along return-to-play stages he has just described. He recom-
mends that her athletic trainer help her through the stages. He insists that she
avoid any activities that place her at an increased risk of contact to the head.
He will see her again in approximately six weeks, which is just prior to the start
of the track season.

Over the following weeks Sally works closely with her athletic trainer. Under
the guidance of the athletic trainer, she gradually returns to sport specific activ-
ities. Ultimately, she is able to run five miles in a day without any recurrence of
her symptoms. She is able to do 50-yard sprints. She has even started throwing
the javelin. She has been doing push-ups and sit-ups, as well as some resistance
training in the weight room. None of these activities have resulted in a recur-
rence of her symptoms.

With regard to her schoolwork, Sally has been able to add on the three
classes she had dropped earlier in the year. Her teachers were understanding
of her injury. They offered to combine Sally’s grades before and after her injury
and to use these as her grades for the year. They did not require her to make up
any additional reading assignments that she missed during her absence.
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There were, however, some key aspects of American history that Sally
missed and her teachers felt were important for her to learn prior to graduation.
They were able to work out a plan where Sally could make up some of these
missed assignments, and receive some extra tutoring on the weekends, which
helped her make up some of the homework she had missed.

When she followed up for her next appointment with the concussion special-
ist, Sally looked like a new person. She was all smiles. Her energy was back. Her
mood was back. Her mother reported, “This is the daughter I know.” She told
her doctor that she was able to perform all athletic activities without any recur-
rence of her symptoms. She was now enrolled in a full academic schedule, tak-
ing all seven classes. She did not have any symptoms, despite doing all of her
homework and much of the makeup work. She had been to see the neuropsy-
chologist, where she had further measurements taken of her brain function.
The report showed that she scored higher than 90 percent of other girls her
age throughout the country in every category. The neuropsychologist said that
these could be used as a baseline in the future, if necessary. Sally was anxious
to return to athletics, and live her life fully again, without restrictions.

As she has been completely symptom-free for the last six weeks, including
with full physical exertion and full cognitive exertion, the concussion specialist
believes that Sally is completely recovered from her injury. Her neuropsycholo-
gist agrees, and reports that her most recent cognitive scores are consistent with
complete recovery and consistent with her previous performance. Her athletic
trainer agrees that Sally has been able to perform well in athletics without any
apparent recurrence of her symptoms. Therefore, the concussion specialist has
Sally perform a baseline symptom inventory, which reveals a zero for all symp-
toms typical of concussion. As noted, she has had a computerized neuropsycho-
logical baseline assessment performed by her neuropsychologist. The
concussion specialist performs a balance error system score to serve as a base-
line in her future. She is cleared for full participation in athletics without any
restrictions. He reminds Sally that should she experience any recurrence of
her symptoms or new injuries when she returns to contact during soccer season
next fall, she must immediately report to her athletic trainer or doctor. When
she returns to school, her athletic trainer repeats a sideline assessment of con-
cussion. She will repeat this again in the fall prior to start of soccer season but
wanted to obtain a baseline sideline assessment now in case of unexpected
injury before the start of the next soccer season.

Sally’s case illustrates a more complicated concussion recovery. There are
several points worth making about it.

1. Sally is not instructed to rest completely immediately after her injury. It is likely,
that by continuing to exercise before she was completely recovered from her
concussion, Sally unknowingly delayed her recovery. Had she been instructed
early on to rest completely, she may have recovered more quickly.
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2. Sally continued to read, do her homework, and perform other cognitive tasks
after her injury. This, too, likely delayed her recovery. Had she been instructed
to obtain full cognitive rest soon after her injury, she may have recovered more
quickly.

3. Most of the physicians involved in Sally’s care soon after her concussion rec-
ommended she wait “a week,” after her injury or “a week after her symptoms
resolve,” prior to returning to athletics. This was one of the standard recom-
mendations not too long ago. But recently, this approach has changed in
light of new medical evidence. Many primary care physicians, internists,
pediatricians, neurologists, and other clinicians will be well aware of the
new recommendations for managing concussions and will be true experts
in caring for concussed athletes. However, since the assessment and man-
agement of concussed athletes has changed so much in the last several years,
many will be unfamiliar with the new recommendations. Concussed athletes
should see their primary care physicians after a concussive brain injury.
If their physician is uncomfortable managing concussions, he or she will
usually know of a doctor who specializes in this area that they can refer
athletes to.

4. Sally is offered some experimental medications that she chooses not to take. In
medicine, there are always more options. There are always other treatments or
therapies that can be tried. But each athlete must weigh the likelihood of ben-
efit of these treatments against the potential for adverse effects. If the symptoms
of a concussion are tolerable, it is often best to allow them to heal naturally, as
opposed to treating them with medications. However, for those athletes whose
symptoms are negatively impacting their quality of life, these medications are a
safe and reasonable option.

In summary, the ideal concussion program involves many clinicians in vari-
ous specialties, all working together to care for concussed athletes. The best
concussion management plans start before the athlete ever takes to the field,
court, or ice, by obtaining baseline measurements. Identifying medical provid-
ers with an interest in managing athletes who sustain concussions is the first
step in trying to organize a concussion management program. For clinicians
working with a given team, school, or other group of athletes, a written concus-
sion action plan can help ensure that athletes receive the best possible care.
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The Future: What Medical Research

May Lead to in the Future

When it comes to athletes sustaining concussions in sports, many unanswered
questions remain:

a. Is there a genetic predisposition to concussion, and can athletes be tested for it?
b. Is there a medication that might effectively treat concussive brain injury, as

opposed to only treating the symptoms?
c. Is there a medication that can prevent the cumulative effects of concussions?
d. Is there a blood test that might be used to determine when an athlete has sustained

a concussion or when an athlete has completely recovered from a concussion?
e. Is there a type of imaging that can allow doctors to “see” a concussion?

Future medical and scientific research will seek to answer these questions.
These efforts will likely focus on:

• Discovering more about what happens to the brain when an athlete is
concussed.

• Discovering whether or not certain athletes are predisposed to sustaining con-
cussions or predisposed to bad outcomes after sustaining multiple sport-related
concussions.

• Discovering how we can more accurately diagnose a sport-related concussion,
determining both when in fact an athlete’s symptoms are attributable to a
sport-related concussion and determining precisely when the athlete has recov-
ered completely from his or her sport-related concussion.

• Discovering potential treatments that will assist athletes in recovering from
sport-related concussions, helping them recover faster, and helping them pre-
vent any long-term problems.

Some of the most recent medical studies are discussed below.



ACCELEROMETERS

One of the newest technologies used to investigate sport-related concussions
uses a device known as an accelerometer. Accelerometers are small sensors that
are placed into the helmets of athletes during practice or competition. These
sensors can be used to measure the amount of force of a given impact. They
can measure the speed and direction a helmet moves after impact. They record
how fast and in what direction the helmet spins after an impact. These measure-
ments can then be correlated to athletes who sustain a sport-related concussion.
The characteristics of the impacts causing sport-related concussions can be
compared to those impacts that do not result in a sport-related concussion.
These data might help us understand more about what exactly it is that leads
to concussive brain injury.

Preliminary data using these sensors has revealed that concussion occur after
a wide range of forces, resulting in a wide range of accelerations. Symptoms do
not necessarily correlate with the amount of force involved in the impact, or
with the maximum acceleration produced by the impact. This suggests that
other factors play a significant part in determining whether or not a concussion
occurs and how long it takes to recover from a concussion.

PREDISPOSITION

Some athletes may be predisposed to concussion, meaning they may be
more likely to suffer a sport-related concussion than other athletes. Similarly,
some athletes, while they may not be more likely to sustain sport-related con-
cussions, may be more vulnerable to the effects of concussions. They may be
more likely than other athletes to suffer long-term problems after sustaining
multiple concussions. They may suffer more diminished cognitive function after
sustaining concussions. They may suffer from longer recovery times than other
athletes. The ability to identify these athletes could be used to prevent injuries.

For example, if there was a test that could determine which athletes are more
likely to sustain sport-related concussions, athletes could be screened prior to
participating in high-risk sports. Those who tested positive, and therefore knew
that they were more vulnerable to sustaining a sport-related concussion, might
choose to participate in safer sports, such as swimming, rather than higher risk
sports such as football and ice hockey. Another option would be to test only
those athletes who had sustained at least one sport-related concussion. Those,
who after sustaining their first sport-related concussion were found to be at
increased risk compared to other athletes, might choose not to play high-risk
sports. Those who underwent the test and were not found to be at increased
risk of sustaining sport-related concussions might chose to continue playing.

Similarly, if physicians could predict which athletes were more likely to suffer
a bad outcome after sustaining a sport-related concussion or multiple concus-
sions, they could use this information to help athletes decide whether or not
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to continue playing high-risk contact or collision sports. Efforts have been made
to identify just such a test.

Some medical studies indicate that certain athletes may have a genetic pre-
disposition to poor outcome after sustaining a concussion, multiple concussions,
or even multiple repeated blows to the head that do not cause concussions. The
most well studied gene is known as apolipoprotein E epsilon 4, or “APOE4” for
short. Some of the earliest medical literature to study APOE4 was performed in
boxers. A physician named Barry Jordan assessed neurological status of multi-
ple retired boxers. He noted that those who carried this particular gene,
APOE4, had worse brain function than those who did not. Boxers who had
fought in more bouts, and were therefore exposed to a greater number of blows
to the head, had worse brain function than those boxers who fought in less
bouts over their careers. Those boxers who carried the APOE4 gene and fought
in a high number of bouts, had the worst brain function.

Other medical studies, conducted outside of the realm of athletics, suggest
that people who carry this particular gene and who also sustain a concussion
or other traumatic brain injury at some point during their lifetime are at
increased risk of poor outcomes, including an increased risk of Alzheimer’s
disease.

These studies are preliminary, however. The effects of carrying APOE4 on
neurological function after brain injury are poorly understood. Some studies
show that APOE4 has no effect on outcome after sustainment of head injury.
In fact, in some patients, having the APOE4 gene may be beneficial.
APOE4 may be beneficial for children who sustain an injury to the brain. Com-
bined, these studies suggest that the effects of APOE4 after a traumatic brain
injury may be different depending on how old a person is at the time of injury.

In order to help further understand the role age may play in determining the
effects of APOE4 after traumatic brain injury, investigators have taken to the
laboratory. One of my colleagues, Rebekah Mannix, M.D., conducted an experi-
ment in mice that was published in the Journal of Cerebral Blood Flow and
Metabolism. Some of the mice had the APOE4 gene, others did not. All mice
underwent a traumatic brain injury. Adult mice that had the APOE4 gene had
worse brain function after injury than mice without the APOE4 gene. However,
immature or “pediatric” mice with the APOE4 gene had the same brain func-
tion after injury as mice without the APOE4 gene. The results suggest that the
APOE4 gene may have harmful effects for adult mice who sustain a traumatic
brain injury, while in pediatric mice that sustain a traumatic brain injury the
gene may have no effect. Experiments continue to try and determine exactly
what APOE4 does after brain injury that seems to effect outcome, and why
the effects seem to be different based on the age at the time of injury.

These experiments are exciting. They offer hope, that one day we may be
able to predict which athletes are at risk for poor outcomes after a concussion.
However, until we learn more about APOE, its function after brain injury, whether
or not the results are consistent, and how age affects outcome, it cannot be used

The Future 167



clinically to treat athletes. Currently, APOE4 is not a useful test, and should not
be measured in patients, athletes or otherwise, for the purpose of trying to assess
outcome after traumatic brain injury.

MARKERS OF INJURY

In addition to genes, researchers have also searched for blood tests that
might be associated with concussive brain injury or brain function after injury
and perhaps used to monitor recovery from injury. “Serum markers” are pro-
teins, chemicals, or other molecules in the blood that can be used to identify a
certain disease or disease process. Two of the most commonly discussed serum
markers that have been investigated for the assessment of concussive brain
injury are the “S-100B” protein and “neuron specific enolase” (NSE). In a study
out of Germany published in 2001 in the Journal of Neurology, Neurosurgery
and Psychiatry, Herrmann and colleagues measured S-100B and NSE in
patients who had sustained traumatic brain injuries, mostly concussions. Both
serum markers, S-100b and NSE, were measured on the first, second, and third
days after injury. Patients had their brain function measured two weeks after
admission to the hospital and again six months later. Those patients who had
more S-100B and NSE in their blood after injury had worse brain function,
both in the tests performed soon after injury, and those performed six months
later. These finding suggest that these two serum markers might prove useful
in determining which athletes will suffer significant and prolonged losses of
brain function after concussion. Other studies have also found that theses
serum markers may be useful in identifying patients who have sustained a trau-
matic brain injury, or in identifying those at risk for prolonged recovery after
injury.

However, these findings have not been consistent. Some studies have failed
to reveal any utility in testing for S-100B or NSE. Some studies show elevations
in these serum markers in patients without brain injury. This suggests that there
may be other reasons why these markers are elevated. Until further research
has been conducted, neither of these serum markers can be used clinically, to
assess and treat patients, with reliability.

Other factors, have also been studies as potentially leading to poor outcomes
after concussion. In particular, researchers have investigated whether or not ath-
letes who experience certain symptoms after their concussion have larger defi-
cits in brain function or take longer to recover. A study performed at the
University of Pittsburgh and led by neuropsychologist Micky Collins that was
published in the American Journal of Sports Medicine in 2003, separated
athletes who sustained a concussion into two groups: 1) those reporting a head-
ache one week after their injury, and 2) those without a headache after the same
interval. Their results showed that those athletes still reporting a headache one
week after injury had worse memory and slower reaction times than those ath-
letes not reporting a headache. The study also found that athletes reporting
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headaches were more likely to have suffered amnesia at the time of their injury.
An additional study by many of the same investigators showed that athletes
who suffered migraine headache symptoms after their concussions took longer
to recover from their injuries than those athletes who did not report migraine
headache–type symptoms.

This correlation, between headaches—migraine headaches in particular—and
recovery from concussion led some researchers to wonder whether athletes
who have suffered from migraine headaches in the past might be at increased
risk of sustaining a concussion. Indeed, a study out of Canada, published in
the British Journal of Sports Medicine in 2006, analyzed data collected by the
Canadian Community Health Survey. Those athletes who were diagnosed as
having migraine headaches by a health professional were more likely to have
sustained a sport-related concussion in the previous 12 months than those ath-
letes not diagnosed with migraines. Currently, a joint study between Children’s
Hospital Boston and the University of Pittsburgh is analyzing the effects of
migraines on recovery from sport-related concussion.

Headaches and migraines in particular are not the only symptoms being
investigated as possible determinants of sport-related concussion recovery.
After sustaining a concussion, many athletes will complain of feeling “in a
fog.” This is a subjective symptom, meaning it cannot be easily measured or
quantified. Although many athletes use this term, and have an inherent under-
standing of its meaning, it is difficult to define. Still, several clinicians have
observed associations between this symptom, “fogginess,” and poor outcome
after sport-related concussion. A study published in the Journal of the
International Neuropsychological Society in 2004, measured overall concussion
symptoms and neuropsychological test scores of athletes who reported feeling
foggy, and compared the findings to athletes who did not report feeling foggy.
Athletes who reported fogginess experienced a larger number of other post-
concussion symptoms than those not reporting fogginess. Furthermore, athletes
who reported feeling foggy had slower reaction times, worse memory, and
took more time to complete neurocognitive tasks than athletes not reporting
fogginess.

Many other factors are being considered as potentially increasing an athlete’s
risk of either sustaining a concussion, suffering a long recovery after a concus-
sion, or suffering long-term effects later in life after sustaining a concussion or
multiple concussions earlier in life. Other illnesses or diseases such as attention
deficit/hyperactivity disorder, post-traumatic stress disorder, anxiety and
depression are all being investigated currently. Perhaps certain medications that
athletes are taking at the time of their injury may protect against the effects of
concussion, or worsen the outcome after concussion. The shape of the skull,
musculature of the neck and shoulders, or other anatomic considerations may
affect one’s risk of concussion or recovery from concussion. Studies to look for
these potential risk factors will hopefully lead to a better understanding of
which athletes are at greatest risk.
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IMAGING

Earlier in this book we learned that pictures of the brain, such as computed
tomograms of the head (head CTs) or magnetic resonance images (MRIs),
appear normal in athletes who have sustained concussions. But there are other
types of pictures available. Some investigators seek to discover ways of picturing
or imaging the brain that can allow us to “see” a concussion in an injured
athlete. Several such methods of imaging have been studied.

Functional MRI (fMRI)

Functional MRI is somewhat complicated to explain. Perhaps the easiest way
to think about it is as a picture of the brain that allows doctors to see which parts
of the brain are in use, receiving increased amounts of blood flow, while the
patient is completing certain tasks. In other words, an athlete who is undergoing
an fMRI after a concussion is asked to complete certain mathematical tasks.
While the athlete completes these tasks, images or pictures are taken of the
brain. These pictures show various parts of the brain lit up in different colors,
based on how vigorously that part of the brain is being used, and how much
blood flow that part of the brain is receiving. It allows doctors to see which part
of the brain is “activated” and how hard a given part of the brain is working.

Studies have shown that athletes who have sustained sport-related concus-
sions use different parts of the brain to a higher degree than athletes who are
not concussed. In addition, as athletes recover from their concussions, and
regain their previous levels of brain functioning, the changes in their fMRIs go
away. Once athletes have recovered, their fMRIs look similar to those of athletes
who have not sustained a concussion.

Diffusion Tensor Imaging (DTI)

DTI is another variation on traditional MRI scanning. Again, DTI can be
somewhat difficult to understand for readers without scientific or medical train-
ing. Perhaps the easiest way to think about it is as a picture or image of the brain
that allows doctors to see the movement of water in the brain. Recall earlier in
the book when we discussed the cells of the brain known as neurons. Each
neuron had a long, narrow section known as the axon. Well, water inside of a
neuron can travel down the length of the axon. But it can also travel
perpendicular to the axon, across the cell membrane. Doctors can detect certain
changes in the brain cells by measuring the direction in which the water of the
brain is traveling. Studies in children and adolescents after concussive brain
injury have shown abnormal DTIs of the brain, even though CT scans and tradi-
tional MRIs appear normal. Thus, DTI may help diagnose a concussion, even
though the more traditional forms of brain imaging show normal results.
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TREATMENTS

Currently, there are no known effective treatments for traumatic brain injury.
Physicians provide “supportive care” for patients with major injuries. These
patients are often comatose, or have such pronounced brain dysfunction that
they cannot think clearly. “Supportive care” means that doctors help the
patients breathe, maintain blood pressure, relieve pressure build-up in the brain
due to swelling or bleeding, provide nutrition, and basically, keep patients alive
until they are able to recover from the injury on their own.

For patients with milder injury, as is more common for athletes, we can treat
some of the symptoms of concussion. Therapies like the physical and cognitive
rest discussed previously, help to treat many of the symptoms. Academic accom-
modations can be used to help athletes obtain cognitive rest while in school.
Some medications can be used to treat headaches, insomnia, poor cognitive
function, and other specific symptoms of concussion. But ultimately, there is
no direct treatment for the concussion itself, no treatment that helps athletes
recover faster. Discovering such a treatment is the main goal of many of us
currently caring for concussed athletes.

There are several potential options.
Three years ago, I attended a lecture given by Michael Whalen, M.D.

Dr. Whalen is the head of a laboratory in the neuroscience center of the Massa-
chusetts General Hospital that investigates traumatic brain injury. I approached
him about developing a model of concussion that would allow us to study
potential therapies. Since that time, we have developed models of severe, mod-
erate, and mild concussive brain injuries. These models can now be used to test
potential treatments. In fact, by using these models, we have found a molecule
that spares the loss of cognitive function after traumatic brain injury.
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In Their Own Words: Athletes from

the Sports Concussion Clinic of

Children’s Hospital Boston

Since cofounding the Sports Concussion Clinic in the Division of Sports Medi-
cine at Children’s Hospital Boston in 2007, I have been privileged to care for
some wonderful young athletes. Fortunately, many have recovered quickly,
without complications. But others have suffered through long, frustrating recov-
eries. Some were plagued by repetitive head injuries, despite refraining from
contact and collision sports. For some, their injuries changed their lives, their
network of friends, and their academic performance. I can think of no better
way to conclude this book than to have three exceptional athletes describe their
own experiences with concussions and relay to the readers how their injuries
affected their lives.

MAGGIE HICKEY

Heading into October of my sophomore year of high school, I was pretty typ-
ical. I had a fun group of friends. I was a good student. I was looking forward to
another great season of rowing on the crew team. I was excited to no longer be a
lowly freshman and entered the school with confidence on the first day. The
teachers I had were going to be challenging, but I had always been able to main-
tain good grades. So keeping up with academics never entered my mind.

On October 3, 2008, everything I knew to be my life began to unravel. It was
a Friday. My friends and I had planned to go to the football game. We were get-
ting ready at a friend’s house. I remember not feeling well. I called my mom to
come and get me. Before she could drive the mile between our house and my
friend’s she got a call from my friend’s mother telling her that I had fainted



and had a gash on my head. Although I had passed out, they had been able to
wake me up. My friends found me on the stone floor on the way to the bath-
room, apparently having hit my head on the doorknob as I went down. When
I woke up, I was disoriented and didn’t remember what had happened. After
a trip to the emergency room I came home with stitches that went through my
eyebrow. I had a normal CAT scan of my brain. So the biggest worry I had
was covering up the stitches, and hoping there was not a large scar remaining
once it healed. I don’t remember calling my mom before I fainted. I figured
the memory loss probably meant I hit my head pretty hard. The ER staff recom-
mended that my parents wake me up periodically that night, “just in case I had a
concussion.” But other than that I was fine. I was acting normally and we were
sent on our way.

The next day we had a regatta and the ER staff had cleared me to row if the
stitches weren’t bothering me. I chose to sit out because I had been up really
late the night before, and my headache had not subsided. I was committed to
rowing, and was looking forward to a strong season. So by Tuesday I was back
at practice, running, using the ergometer machines, and on the water rowing.
But I began to have debilitating headaches from exercising, reading, and being
in the sunlight. I started having trouble finding homework papers. I forgot my
books for class. I was chronically exhausted. At home, I hoped to sleep. But
my headaches were so bad, and I was so queasy by the end of the day, that
I wasn’t’ able to put my head down. I had been raised to muscle through. So
for a while I would just take Motrin, and hope the pain would go away and
not come back. I missed a few practices. But for the most part, during the first
three weeks after the injury, I tried as hard as I could to maintain my normal
schedule. During that time, school became extremely difficult. The lights at
the school caused me to get headaches. My eyes were so sensitive it was difficult
to keep them open. The noise confused me, although I don’t think I recognized
it as confusion at the time. I was scattered, and not able to keep my work organ-
ized. I had been an avid reader, and now, could not read a page without diffi-
culty. I was exhausted and in a constant state of “headache.”

My mother says that physically I became nearly unrecognizable to her. My
eyes were barely able to open, my skin color was off. I was dragging through
my days. The constant nausea made it hard to eat anything. I began to sink
deeper into a dazed trance. I went to the pediatrician twice during the first three
weeks. Each time we came home having been told to take it easy. On the third
visit, my pediatrician, who has known me since I was seven years old, could
see the changes in my face. She sent me immediately to the emergency room.
They ran a few tests and hooked me up to an IV to try to end the headache in
hopes that if they could stop the cycle my headaches would end altogether.
However, the medication they gave me caused an allergic reaction. So, it only
made things worse. After realizing that nothing was working, the hospital
referred me to a local doctor that tested for concussions. The studies that were
done later that week showed that I had a pretty severe concussion. I scored less
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than the first percentile on one of the tests, and not much better on the rest.
So finally, weeks after the injury we knew why I was having so much trouble
doing the things that had been so easy for me before my concussion. I was given
a few weeks to go easy at school. Half days were suggested. Exercise stopped
completely. I was told if I felt better in a few weeks to redo the concussion test.
I did take a second test. When this one wasn’t any better, I was referred up to
Children’s Hospital Boston, and Dr. Meehan.

By the time I was in to see Dr. Meehan, it was just before Christmas. I had
spent a month navigating my schoolwork. I had missed a few days after the ini-
tial testing came back. I went back to school as soon as I felt a little better. As
soon as I was back in the school, the symptoms would kick in again. I couldn’t
do the smallest amount of homework. I couldn’t read one page, let along three
chapters. I was frustrated and getting worried. I remember other kids in school
with concussions, and how everyone would say they were fine. The other stu-
dents would gossip talk about them, complaining about how they got to skip a
test because they said they had a “concussion.” I didn’t want to be the kid that
people were talking about. So I tried to keep up with everything: taking tests
I wasn’t ready for, trying to read for all of my classes, staying after school for
extra math help. I took a lot of half days, but tried to stay in school as much as
I could. I wasn’t rowing. So I had time to regroup after school. But often, by
the time I came home, my headaches were crippling. I cried a lot, wondering
when I’d feel better and asking my mother why I wasn’t getting better. Keeping
up with everything was too overwhelming. I wasn’t resting enough to help my
symptoms. During this time the headaches were never-ending. It was becoming
too much to handle. Then we went to Dr. Meehan, and the healing began.

Dr. Meehan told me to put my brain on rest. He helped me understand that,
ultimately, I would heal and feel better. But it would take time and patience. We
needed to manage my brain activity, and the best way for that to happen would
be to shut my brain down for a while. I was told to cut my schoolwork down to
a minimum, avoid crew practice, and take it easy with regards to my social life.
That’s not particularly easy for a 16-year-old student and athlete. But I felt great
relief knowing that I would ultimately be back to normal. I tried not to feel sorry
for myself while my family was skiing every day over winter break, or that my
friends were together, or that I couldn’t read. I watched a full season of One Tree
Hill and watched a ton of other movies and television shows. I had trouble on
the computer. So I couldn’t use that too much. For a solid two-week period my
parents and doctor insisted I do nothing. Sounds like a dream, but it was more
of a nightmare. It’s hard to shut down like that when you’re not used to it. I had
high hopes that if I did truly shut down, then after two weeks this would all be
over. That wasn’t how it would go for me. But it became clear that the less my
brain did, the fewer symptoms I had. It wasn’t until April that I would finally be
symptom-free. A full six months after the fainting spell that caused the concussion.

During the three months after Christmas, we had a meeting with all of my
teachers, my guidance counselor, and the school nurse to keep everyone on
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board with how the concussion would affect my schoolwork. We talked about
the possibility of my being placed on a special education plan. It would have
required that I be given more academic accommodations. As it turned out,
I was not able to take advantage of this because I had compensated so well.
I managed to keep my grades above the need for concern. That was by the
school’s standards, not my standards or those of my parents. My straight A’s
were becoming C’s. And there were tons of assignments that were incomplete.
I could only manage half of a regular school day, and could only do part of most
assignments. I was still expected, at some point, to get everything done. The
nurse at the meeting made sure I understood that if I needed a break, there
was a place for me in her office. I appreciated that everyone was willing to
be patient, and did their best to accommodate me. But the reality was that
I was still responsible for a lot of work that I was unable to do.

I don’t like to have attention drawn to me. I was very uncomfortable being in
the classroom when everyone else was taking a test or presenting a project that
I wasn’t participating in. I perceived that my peers thought I should be done
with my symptoms and back to normal, that I was somehow using the concus-
sion as a continued excuse to not have to do the work. Actually I would
have given anything to be able to complete the work. My close friends would
joke about how I “got out of going to school,” or how I “conveniently” couldn’t
take a test. I found myself asking to miss the classes when I knew they would
be working on something I hadn’t completed yet. I didn’t want to be singled
out as a kid that people think is taking the easy way out. I felt that the only
accommodation my teachers had given was more time to complete the same
amount of work. They put it all back on me to navigate my way through the
work. They often said, “Do what you can.” Well, what I could do and what
was actually necessary for me to do were two different things. I remember hav-
ing a poem to memorize in English. After struggling for 40 minutes with the
first line, my mother told me to put it away. She insisted that I no longer try to
memorize it, and tell the teacher that I couldn’t. It was hard, but in retrospect
I wish I’d had the courage to do that more often. My knowledge on subjects
could have been assessed with a lot less work. Half of the math problems for
homework might have been sufficient. But I didn’t reach out for that help. If it
was assigned, I did it. Sometimes slowly, mostly late, but it got done. Dr. Meehan
gave the analogy that if someone had a broken arm, they wouldn’t be required
to do push-ups in gym class. They would be obviously injured, and temporarily
incapable of doing push-ups until they recovered. He said it’s the same for a
concussion and an academic class. The few times I reluctantly agreed to miss
things, it was because my parents insisted or intervened with a teacher.

I remember one day in February I went to the nurse’s office for Motrin. She
wouldn’t give it to me, because I told her I had taken some earlier that morning.
I was sent away. Remember that a member of the Health Office was at the meet-
ing with the guidance counsellor and my teachers. They had repeatedly offered
the Health Office as a place to go for relief. But evidently this nurse was
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unaware of my condition. I texted my mom and told her about the nurse’s reac-
tion. She was on the phone in minutes. But she too got attitude from the nurse,
who said that my injury was months ago, and I should have only had symptoms
for two weeks at most. She went on to say that we were now months later, and
any headaches couldn’t be from the concussion. Well, my mom handled that in
a hurry with another note from Dr. Meehan saying that I was to have accommo-
dations until he notified everyone that I had fully recovered. We had already
handed in several notes just like this. But they continued to request this in writ-
ing. Bottom line, if the school nurse doesn’t know how serious a concussion can
be, how severe a concussion can be, and the length of time it can take to recover
from a concussion, we could hardly expect the teachers and my peers to know.
I wasn’t aware of it until I was living it. And neither were my parents or siblings.
It’s not something that you wear a cast for, or use crutches to help you. So the
people around you have no idea why you can’t do normal daily activities.

To a certain extent my friends were beginning to realize that maybe this
wasn’t just a big excuse to take the easy way out. My social life screeched to a
halt. I missed dances, football games, parties, and practices. I felt like I was
essentially losing a year of my high school experience. My friends were going
about their lives, while I was home, dealing with difficult symptoms. The few
times I did try and get out for something social, even on a small scale, it would
set me back. Having my friends go about their lives and enjoy high school and
rowing while I sat in my house was hard for me to deal with. My concussion
was holding me back in every aspect of life.

In April of 2009 I was finally free of my symptoms. I remember having my
first day that was symptom-free. Then there were a few in a row. I was able to
get back to my normal activities. I ran three miles the day Dr. Meehan deemed
I was ready for exercise. It felt good to be able to engage in any physical activity
I wanted. The good news for me was that I knew none of my symptoms were
permanent. I took comfort throughout this time knowing that I would be my
normal self again, although, I had plenty of periods of being impatient, unhappy
about the length of my recovery. I gained an appreciation and compassion for
people who need permanent accommodations at school and outside of school.
I went back to rowing. I completed all of my schoolwork by the end of the
school year. I was fortunate to have parents, who would advocate for me, and
a doctor who was able to guide me through the healing progression. I am a
senior in high school now, going through the college application process. I’m
grateful for what I’ve been able to take away from this experience. I’ve become
more organized and determined because of my concussion. For many of my
peers it is tough juggling all that needs to be done. Applications, sports, school-
work, SAT’s all need to be completed. I became a master at prioritizing and stay-
ing organized under difficult circumstances. This is a breeze by comparison. At
the time, I was worried that my trying sophomore year would affect everything
in my future. Looking back now, it feels like a lifetime ago. But I will never
forget what it felt like to be so affected by a concussive brain injury.
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My best advice to someone going through a severe concussion is not to get
too discouraged or frustrated with the time it may take to recover. It’s often a
long and grueling process. But things will get back to normal in time. It’s not
the sort of injury you can rush to heal from. So take it easy. It does get better.

SEAN FOLAN

My name is Sean Folan. I am 17 years old and a junior at Catholic Memorial
High School. For as long as I can remember, sports have been part of my life in
some shape or form. I was three years old the first time my parents put a pair of
skates on me and sent me off on the ice for the first time. I remember having a
baseball glove that was probably bigger than me. But I tried to catch the ball
anyway. I was encouraged to play all types of sports: hockey, baseball, soccer,
and lacrosse. I really never could imagine that someday sports would not be a
part of my day-to-day life.

I entered Catholic Memorial in seventh grade and was thrilled when I made
the middle school soccer team. I remember being both excited and nervous about
being at such a big school. I was excited because Catholic Memorial, or “CM” as it
is often referred to, is known as a school that prides itself on having a great sports
program. I wanted nothing more than to play sports for CM. The first few weeks
of school were tough. Trying to figure out how I was going to go to practice every
day and also get all of my homework done before I passed out from exhaustion
was challenging. But somehow I figured it out. When it was time for hockey sea-
son, I had mastered what I needed to do. I looked forward to many years ahead of
me involved in soccer, hockey, and baseball.

Little did I know those plans would all change for me. In a matter of three
years, I suffered four concussions. The first was minor. It was followed by a sec-
ond while playing hockey that left me unconscious and in the hospital for a
week. I struggled with the complications that come from a serious concussion:
headaches, not being able to concentrate, not being able to sleep at night, going
to school, and having to go home because my head hurt too much. At times,
I was just too tired to function. But with time, rest, and the great care I received
at the Sports Concussion Clinic at Children’s Hospital, I was eventually cleared
to play hockey again.

Unfortunately, the thrill of returning to hockey would not last for long. After
only being back for a couple of weeks, I again suffered a serious concussion, my
third. I could not believe it. Why was this happening to me again? All I wanted
was to play hockey and stay healthy. There was no mention of when I would
return to sports. But I was hopeful it would happen. Six weeks later, however,
while cheering on Catholic Memorial’s varsity soccer team as they brought home
the state championship, I fell off a fence and suffered my fourth concussion.

I was then told that, because of the number of concussions I had sustained,
and the unusually long, complicated recoveries I suffered, I would never be
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cleared to play contact or collision sports again. WHAT?! I was only 16 years
old. I went to Catholic Memorial, a school well known for its sports programs.
I played sports for my town. And now, I can never play hockey, soccer, or base-
ball on a team again. Needless to say it was devastating news. It is something
that I still have a hard time accepting. Dr. Meehan explained the reasons behind
this decision. That doctors are worried about my apparent susceptibility to
injury, future damage to my brain, and other things that may affect me in the
future. My parents agreed with the decision. But I can tell you that I did not.
felt like I was fine and that there was nothing wrong with me. Why couldn’t
I play? How was I going to cope with this?

Well, I can honestly say that it has not been easy. I have been forced to face the
fact that I will not be involved in sports like I have been in the past. There is not a
day that goes by that I don’t wish that things had gone differently for me. I miss
playing sports and being part of a team. But I have to believe that this all has a
purpose in my life. Hopefully, in the future, I will be involved in sports by coach-
ing a team. My mother always says that things happen for a reason. When she
says that, it really drives me crazy. But I believe that maybe she is right. I am still
trying to figure out how I can fit sports into my life in other ways. I hope that in
the future I can figure out a way to do this. These injuries have changed my life
dramatically. They have forced me to live my life differently than I had expected.
But I know that it is for my health and well-being. I know that avoiding contact
and collision sports is something that I have to do to stay well.

NATHAN KESSEL

My name is Nathan Kessel. I suffered a traumatic brain injury, or concussion,
which has changed my life and impacted what I am able to do. I suffered the
concussion on July 9, 2009, when I was 12 years old. It happened while attend-
ing sailing camp with my two best friends. I was sailing back to the dock and all
of a sudden I found myself waking up on the dock and I could see everybody’s
faces staring at my two bruised, swollen eyes, bloody nose, and bloody fat lip.
I panicked because I couldn’t focus. There were huge black spots blocking out
my vision. My friends told me that someone else had crashed into our boat.
The aluminum boom from their boat had swung and hit me across the right side
of my head. The impact was so hard that I was launched forward and fell, crush-
ing my face on one of the hard fiberglass seats. After I awoke, I was very con-
fused; I could not remember anything about sailing or the accident in those
first 30 or so minutes after regaining consciousness. The sailing counselor
asked me very kindly if I was OK. I said that I wasn’t. He called my mom and
dad. He was yelling at my mother because she said to call 911 and get me an
ambulance and he yelled, “NO, HE’S FINE!”

My friend’s mom came to pick me up since my dad was an hour away. My
mother was out of town taking care of my ill grandmother, who was hospitalized
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at the time. I was taken to the emergency department. When I arrived, I was put
in a neck brace. The doctors evaluated me. They took X-rays, CAT scans, and
an MRI of my head. My mom and brother arrived first, my father, soon after.
Miraculously there was nothing broken. I was there for eight hours, waiting
and waiting. When I finally returned home late that night, my cousin came over
to see how I was feeling. She seemed glad that I was talking. Then she left. Half
an hour later my aunt called and told us that my cousin was crying. She was
scared and upset because I had no concept of what was going on. I couldn’t
remember the accident. I didn’t remember being at the hospital. I couldn’t
remember the details of the conversation we were having. I was talking, but
not making sense. I went to bed that night with a headache, feeling dizzy.

I slept about twenty hours that night and about twenty hours a day for the
next few days, even weeks, which scared my family. After the concussion, I
had sensitivity to lights and noise. I had short-term memory loss, frequent
severe headaches, dizziness, and confusion. I did strange thing like wash my
hands obsessively. I would put items in weird places around the house. When
my dad would ask me to put the portable phone on its base, I would put it in
anything that had a door. I would put it in the microwave, the cupboard with
the dishes, or in the refrigerator. Cell phones, remote controls for the television
also would go missing for several days until we were able to find them. I could
understand that things should be put away, that they should be put in cabinets.
But I couldn’t identify a cabinet from an appliance. At first this behavior was
quite scary. But now we think that it is hilarious. My brother Sam really helped
me by tutoring me and by keeping me laughing, always.

Because of the tremendous support of my incredible pediatrician, Dr. Christine
Freemer, I was sent to see Dr. William Meehan at Children’s Hospital in Boston,
five days after my concussion. Both doctors were adamant that I do as little cogni-
tive activity as possible early on in my recovery. I remained in dim light, whenever
possible. I was restricted from participating in swimming, tennis, and strenuous
activities. I slept as much as I needed. But it was summer. I wanted to play music,
go swimming, play tennis, go bicycling, play video games, go on vacation with my
family and hang out with my friends. Dr. Meehan wanted me to recover from the
head injury first, and help me get ready to go back to school in two months; to
restore my short-term memory, reduce the headaches, and spend more time
being wakeful; to help me to become who I once was. So everything was
restricted, except hanging out, watching television, listening to music, and talking
with my friends!

The first two weeks after my concussion I slept for 20–22 hours at a time;
then I would wake up for 30 minutes and go back to sleep. My Bar Mitzvah
tutor came to my house two weeks after the concussion to review part of my les-
son. She said that I could not do anything because I was taking too long to chant
a prayer. I would begin complaining of a headache. So, I had to stop and rest.
My mom called Dr. Meehan at the Concussion Clinic. He explained that I could
only spend twenty minutes trying to practice my prayers. Then I would develop
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headaches and sleep for four to six hours. Dr. Meehan always made sure that
my mom understood what was happening directly or through his excellent
nursing staff.

Dr. Meehan explained that too much cognitive activity was the equivalent of
running a marathon. He further explained that I should not be doing cognitive
activity because it was like running on a sprained ankle that was constantly
being reinjured, never allowing it to fully heal. A concussion affects the brain
as though it is sprained. Thinking, reasoning, and other cognitive activities were
stressing the brain and causing me to feel exhausted and have headaches, sig-
nals from the brain that it was overexerted. Dr. Meehan explained that rehears-
ing for my Bar Mitzvah was a form of cognitive exertion. He said I needed more
time to heal. It was hard to comply as a young, active teenager. But I didn’t want
to disappoint Dr. Meehan or hinder my progress. So I followed his instructions.

The good thing is I can’t remember giving my mom a hard time that first
month. I also can’t remember that my friends came to visit me during that
month. I had a few of my friends over to visit. When we came back inside from
playing Frisbee, I have been told I washed my hands for about ten minutes. I am
not sure why. I just couldn’t stop washing my hands. One of my friends said
I was like her grandfather, who has Alzheimer’s disease, because I forgot what
was going on every five minutes. I had difficulty carrying on a conversation.
I needed things repeated constantly. I really don’t remember much of that
summer.

Things seemed to get back to normal in the fall because of the school rou-
tine. But it wasn’t easy. When the school year started, I could only go for half
days. I would fall asleep in class and then, when it was time to go to my next
class, I would go to the wrong one. My friends were so great. They would always
help me. I couldn’t stay for a full day in the beginning of the year. I needed to do
my assignments. But I would sometimes forget to write down my homework. It
was my friends who rescued me. The school I attended at the time was not very
helpful or cooperative. The principal didn’t believe that I needed accommoda-
tions as recommended by Dr. Meehan. Some of my teachers were different.
They were nice and did try to help. But it was hard for them to believe the
symptoms I was suffering and understand my learning difficulties resulted from
the concussion. I looked fine. There were no visible indications that I had a con-
cussion. There were no crutches to use, no braces or bandages to wear, no signs
that I was healing. There was only documents from Dr. Meehan, his proactive
staff, and multiple conversations that fell on deaf ears.

I lived through eighth grade without remembering much of the day-to-day
things. My second summer suffering concussive symptoms was the summer
before high school. As school had let out for summer, Dr. Meehan recom-
mended another long period of cognitive rest. Well, I had to get creative this
time. I had to develop new hobbies and activities. I discovered that I loved golf-
ing. And golf received the stamp of approval from Dr. Meehan. So did bicycling
and swimming, without the competitive component. I learned that I have a
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phenomenal musical proclivity, playing piano, guitar and saxophone well. I was
restricted from lessons. But I could listen to anything, and do simple basics
playing, as long as it didn’t make my symptoms worse.

My concussion has affected me dramatically. I have been forced to repeat
and relearn things. But I have learned so many new things that I love to do.
Now, I am 14 years old. I recently started high school this fall with a little bump
of exhaustion. But Dr. Meehan is available to explain things to me and keep
things in perspective. I am still sensitive to loud noises, so I had to drop my
favorite course: Concert Band. But my band director is still trying to include
me in creative ways. I am also not allowed to be involved in any contact sports,
like basketball or volleyball, as I am still recovering.

I know I will have a complete recovery soon. I am truly grateful to my
doctors, nurses, and family for their care, patience, and continued support.

SUGGESTED READINGS

Bailes, J., Sports-Related Concussion. 1999, St. Louis, MO: Quality Medical Publishing.
Mason, M., Head Cases: Stories of Brain Injury and Its Aftermath. 2008, New York: Farrar,

Straus and Giroux.
Nowinski, C., Head Games: Football’s Concussion Crisis. 2007, East Bridgewater, MA: The

Drummond Publishing Group.
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