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Abstract
This chapter discusses the types of common
head and brain injuries that may be seen in
sports and outlines the clinical assessment
and return to play issues that need to be con-
sidered. The approach is based on the most
recent 2013 Zurich Concussion in Sport
Guidelines, and the assessment tools derived
from those guidelines are included in the
chapter.

Introduction

Sports medicine physicians, trainers, and others
involved in athletic care have to both recognize
and manage a wide range of head injuries ranging
from the mildest form of concussion to fatal brain
injury. A key knowledge requirement for all
healthcare providers is to have a thorough under-
standing of the early management of the head
injuries and the potential sequelae of such injuries
that may impact upon the athlete’s ability to return
to sports.

Definition

Head trauma is the description applied to injuries
to the brain or its coverings, the skull, as well as
the soft tissues and vascular structures of the head
and neck. In this chapter, when considering such
injuries, the term traumatic brain injury (TBI) will
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be applied to the injuries of the brain or central
nervous system and head to incorporate injuries to
other structures of the head including the skull and
craniofacial bones. Orofacial and ocular injuries
will not be discussed in this chapter.

Although a number of general classification
schemes for TBI have been proposed, the most
widely used system is the Glasgow Coma Scale
(GCS) (Jennett and Bond 1975). The GCS is
incorporated in the SCAT3 tool (Fig. 1).
The GCS has two distinct and separate uses:
(a) for serial measurement of brain injury status
and (b) to separate TBI into a clinically and
prognostically useful injury severity grading.

In the former role, an immediate GCS is
performed at the time of the initial assessment of
an injured patient and then serially to monitor
progress. In the latter role, the separation of mild
(GCS 12–15), moderate (GCS 9–11), and severe
(GCS�8) TBI is based upon a scoring system that
uses eye opening, verbal response, and motor
response to standard stimuli and should be mea-
sured 6 h post-injury after resuscitation has been
completed. It is important to note that the term
concussion (or commotio cerebri) refers to a dif-
ferent injury construct and is not synonymous
with the term “mild TBI,” that is, a concussed
athlete may have a normal GCS.

Epidemiology

The crude incidence for all traumatic brain inju-
ries is estimated at approximately 300 per 100,000
population per year with the majority (80–90 %)
of those suffering a mild TBI. The Center for
Disease Control estimates that 1.6–3.8 million
sports-related concussions occur each year in the
United States (Langlois et al. 2006). Sporting
injuries contribute approximately 10–15 % of
all cases.

Diagnostic Thinking

The key objectives when assessing any athlete
who has sustained an acute head or brain injury
are to:

1. Institute an appropriate first aid sideline assess-
ment of the injured athlete

2. Make an accurate diagnosis
3. Manage the injury appropriately, minimizing

the risk of any “secondary” injury, such as
might be seen with coexistent hypoxia or
hypotension

4. Safely remove the athlete from the field of play
to an appropriate medical facility for further
investigation and assessment

5. Determine subsequently when it is safe for the
athlete to return to play

Initial Assessment of Head and Brain
Injury

Usually, the fact that an athlete has suffered a head
injury is obvious to the team medical staff. Head
injuries in collision sports are usually the result of
direct trauma to the athlete’s head and should also
be considered when there has been a rapid accel-
eration and deceleration type of injury, but no
direct head contact. Information about the event
and about the immediate clinical findings should
be conveyed to the medical staff looking after the
patient.

The major priorities at this early stage are the
basic principles of first aid, e.g., ensure a
patent airway with adequate oxygenation,
ventilation, and circulation. Once these basic
aspects of first aid care have been achieved and
the patient stabilized, then consideration of
removing the patient from the field to an
appropriate facility is necessary. It is essential
that all team physicians who have an on-field
injury management role in their sports have
formal training and certification for both first aid
and trauma management.

At this time, careful assessment for the pres-
ence of a cervical spine or other injury is neces-
sary. If an alert patient complains of neck pain, has
evidence of neck tenderness or deformity, or has
neurological signs suggestive of a spinal injury,
then cervical immobilization and transportation
with suitable spinal frame is required. If the
patient is unconscious, then a cervical injury
should be assumed until proven otherwise.
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Fig. 1 (continued)
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Fig. 1 (continued)
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Fig. 1 (continued)
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Fig. 1 SCAT3 assessment tool
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The clinical management may involve the
treatment of a disorientated, confused, uncon-
scious, uncooperative, or convulsing patient. The
immediate treatment priorities remain the basic
first aid principles. Once this has been established
and the patient stabilized, a full medical and neu-
rological assessment should follow. On-site phy-
sicians are in an ideal position to initiate the
critical early steps in medical care to ensure opti-
mal recovery from a head injury.

When examining a head-injured athlete, a
structured and focused neurological examination
is important. Because the major management pri-
orities at this stage are to establish an accurate
diagnosis and exclude a catastrophic intracranial
injury, the examination should focus on key clin-
ical findings such as (a) the level of consciousness
(measured using the GCS), (b) pupil response and
conjugate eye movement, (c) motor function, and
(d) thorough examination of the skull and scalp
for evidence of trauma.

A baseline measurement of the GCS, prefera-
bly after initial resuscitation but before additional
medications such as sedatives or paralytics are
given, should be performed in all head-injured
patients. The importance of this initial neurologi-
cal exam is that it serves as a reference to which
other repeated neurological examinations may be
compared. It is necessary to record all clinical

findings so that an overall trend in improving or
deteriorating mental function can be clearly and
objectively documented.

Vital signs must be recorded following an
injury. Hypotension is rarely due to brain injury,
except as a terminal event, and alternate sources
for the decrease in blood pressure should be
aggressively sought and treated. This includes
major scalp lacerations especially in young chil-
dren or a cervical spinal cord injury. Restlessness
is a frequent accompaniment of brain injury and
can be an early indicator of increased ICP, intra-
cranial bleeding, or hypoxia, all of which can
aggravate any underlying brain injury. If the
patient is unconscious but restless, attention
should be given to the possibility of increasing
hypoxia, a distended bladder, or painful injuries
elsewhere. When time permits, a more thorough
physical exam should be performed to exclude
coexistent injuries elsewhere in the body, a sen-
sory evaluation, and to detect the late developing
signs of skull injury.

Who Should Be Referred to a Hospital?

The treating clinician at a sporting event also must
decide who should be referred to a hospital emer-
gency facility or neurosurgical center. There are a
number of urgent indications that are listed in
Table 1. While it is acknowledged that a number
of these indications are based on anecdotal rather
than evidence-based information, these are widely
accepted. The overall approach should be “when
in doubt, refer.” Where no physician is present
and the initial management is in the hands of an
athletic trainer, physical therapist, or paramedic,
then an urgent medical referral should be consid-
ered mandatory in all cases of head injury.

Who Needs Diagnostic Investigations?

The indications for emergent cranial computer-
ized tomography (CT) imaging in the initial eval-
uation of the head-injured patient are outlined in
Table 1. The primary goal of imaging is to estab-
lish whether there is an intracranial hemorrhage.

Table 1 Indications for urgent hospital referral and/or
neuroimaging

Fractured skull Confusion or impairment of
consciousness >30 min

Penetrating skull
trauma

Loss of consciousness >5 min

Deterioration in
conscious state
following injury

Persistent vomiting or increasing
headache post-injury

Focal neurological
signs

Any convulsive movements

More than one
episode of
concussive injury
in a session

Where there is assessment
difficulty (e.g., an intoxicated
patient)

Children with head
injuries

High-risk patients (e.g.,
hemophilia, anticoagulant use)

Inadequate post-
injury supervision

High-risk injury mechanism
(e.g., high-velocity impact)
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A depressed level of consciousness and, in partic-
ular, a GCS �8 are the strongest predictors of
intracranial hemorrhage. Other signs that suggest
surgical pathology include focal motor weakness
and an asymmetrical pupil exam. There may be
situations however where the clinical examination
is obscured by alcohol, drugs, metabolic derange-
ment, or postictal state or where the ability to
access the patient for serial neurological examina-
tions is problematic. In such cases, early CT or
MR imaging is recommended to enable accurate
decision-making.

An important and more difficult question is
who needs a head CT scan when their level of
consciousness is normal (i.e., GCS is 15). Guide-
lines such as the Canadian Head CT Rules and the
New Orleans Criteria suggest that factors such as
age >60 years, headache, vomiting, intoxication,
retrograde amnesia, confusion, loss of conscious-
ness, seizures, visible trauma above the clavicles,
and injury mechanism indicate a need for a head
CT (Stiell et al. 2005). However, a normal head
CT scan does not always exclude a TBI or the
need for neurosurgical consultation. About 20 %
of patients admitted to a hospital after even mild
TBI may develop posttraumatic abnormalities on
subsequent imaging even after the initial head CT
scan was normal.

Skull radiographic series (AP, Caldwell,
Waters, and lateral views) have been replaced by
the use of head CT and are very rarely obtained.
However, plain skull radiographs are inexpensive
and can easily be obtained in an emergency room,
and if a fracture is present particularly when there
is a focal finding or depressed level of conscious-
ness, it suggests an extradural hemorrhage. The
overall predictive value of skull radiographs is low.

Differential Diagnoses

When considering an athlete who has suffered an
acute head or brain injury, the differential diagno-
sis is limited, and the critical diagnostic problem is
to sort out the different types of intracranial injury
(e.g., subdural hematoma) that may initially pre-
sent with identical clinical features and then deter-
mine the most appropriate management priorities.

In mild brain injury and, in particular, sports
concussion, the diagnosis is often missed because
the symptoms are subtle, the athlete does not seek
medical attention, or the athlete recovers rapidly
before a full assessment can bemade. Most sports-
related head injuries occur without loss of con-
sciousness. In this situation, the most common
differential diagnosis is that of posttraumatic
migraine that may manifest similar early symp-
toms. The key clinical symptom of concussion
used to establish the presence of this injury is
cognitive disturbance that may include altered
memory, reaction time, or judgment.

Specific Diagnoses

Brain Concussion: Commotio Cerebri

Concussion is defined as a complex pathophysio-
logical process affecting the brain, induced by
traumatic biomechanical forces, either by a direct
blow to the head, face, neck, or elsewhere on the
body with an “impulsive” force transmitted to the
head (McCrory et al. 2013). Research suggests
that linear acceleration or rotational shearing
forces may result in short-lived neurochemical,
metabolic, or gene-expression changes (Giza and
Hovda 2001). Concussion typically results in the
rapid onset of short-lived impairment of neurolog-
ical function that resolves spontaneously.
Although concussion may result in neuropatho-
logical changes, the acute clinical symptoms
reflect a functional disturbance rather than an
underlying structural injury. As part of the defini-
tion, no abnormality is seen on standard structural
neuroimaging studies although more detailed
functional imaging modalities may reveal patho-
physiological disturbance in some cases. Concus-
sion results in a graded set of clinical symptoms
that may or may not involve loss of conscious-
ness. Resolution of the clinical and cognitive
symptoms typically follows a sequential course;
however, it is important to note that in a small
percentage of cases, post-concussive symptoms
may be prolonged (McCrory et al. 2013).

Frequently, in episodes of mild concussion
(“bell ringers”), the athlete will be dazed or
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stunned for a period of seconds only and continue
playing. Alert medical and training staff should
closely observe the actions of a player who has
received a knock to the head for any signs of
impaired performance.

Common symptoms of concussion include
headache, nausea, dizziness and balance prob-
lems, blurred vision, memory loss, and a feeling
of slowness or fatigue. A more complete list of
symptoms is shown in the SCAT3 (Fig. 1). These
symptoms are not specific to concussion and in
some cases may present in a delayed fashion.
Clinical features that are more specific to a diag-
nosis of concussion include loss of consciousness/
impaired conscious state, concussive convulsions/
impact seizures, confusion or attention deficit,
memory disturbance (unaware of period, opposi-
tion, game score), and balance disturbance. These
features however may not be present in all cases
and in some cases may present in a delayed
fashion.

The Pocket Concussion Recognition Tool
(CRT) (Fig. 2) can be used by lay people (e.g.,
parents, coaches, trainers, etc.) on the sideline to
screen for concussion, and once concussion is
suspected, then the player is removed for medical
assessment. The SCAT3 assessment tool (Fig. 1)
is then used by a physician for the formal medical
assessment. The SCAT3 is a more detailed medi-
cal assessment form that also incorporates addi-
tional cognitive questions and physical
examination findings. This tool incorporates the
Maddocks questions (Maddocks et al. 1995) and
the SAC (McCrea 2001). Any abnormality on any
component of this test would indicate a concus-
sive injury. Generally, an uncomplicated concus-
sion does not need routine neuroimaging.
However, imaging has a role in the exclusion of
suspected intracranial injury (Table 1).

Once concussion is diagnosed, then the player
should be removed from the game or training and
not return to play on that day. A variety of imme-
diate motor phenomena (e.g., tonic posturing) or
convulsive movements may accompany a concus-
sion. Although dramatic, these are generally
benign and require no specific management
beyond the standard treatment of the underlying
concussive injury. The principal concern of

premature return to play of a concussed athlete is
that due to the impaired cognitive function (e.g.,
slowed information processing, reduced atten-
tion), the athlete will sustain further injury (both
concussive and other) when returning to a danger-
ous playing environment (Makdissi et al. 2009).

Furthermore, if a player recommences playing
while symptomatic, post-concussive symptoms
may be prolonged. This may also increase the
chance of developing the “post-concussive syn-
drome,” in which fatigue, difficulty in concentra-
tion, and headaches persist for some time, often
months, following the original injury. This syn-
drome is uncommon in sports. These patients
should undergo formal neuropsychological test-
ing as well as an MRI brain scan. If these tests are
normal, there is no specific treatment other than
rest and reassurance. Following a concussive
injury, players should be returned to play in a
graduated fashion once clinical features have
resolved and cognitive function returned to “base-
line.”When considering return to play, the athlete
should be off all medications at the time of com-
mencement of the rehabilitation phase or at the
final medical clearance.

Most sports-related concussive injuries are
uncomplicated and recover fully over 1–3
weeks. However, it is worth noting that detailed
neuropsychological testing shows that 20 % of
athletes will still have unrecognized cognitive
deficits 10 days after concussion. For this reason,
reliance on nonscientific nostrums (“miss a
week”) or symptoms alone to guide return to
play is not recommended as best practice care.
This fact highlights the important role of neuro-
psychological testing to inform clinical decision-
making and as one of the cornerstones of manage-
ment. In post-concussive athletes with persistent
symptoms or cognitive deficits (>14 days), con-
sideration of referral to a multidisciplinary con-
cussion program may be worthwhile. At the end
of the day, good clinical judgment should prevail
over written guidelines.

One of the key problems to consider in this
setting is mental health issues (such as depression,
anxiety, and suicide) that have been reported as
consequence of TBI including sports concussion.
Neuroimaging studies using functional MRI
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Fig. 2 (continued)
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Fig. 2 Concussion Recognition Tool (CRT)
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suggest that chronic symptoms and depressed
mood following concussion may reflect an under-
lying pathophysiological abnormality consistent
with a limbic-frontal model of depression. All
players with ongoing symptoms or a prolonged
clinical course should be screened for depression
using standard clinical tools, for example, Hospi-
tal Anxiety and Depression Scale, Beck Depres-
sion Inventory, etc. (Golden et al. 2007).

Return to Sports After Concussion
Return-to-play decisions remain difficult. Expert
consensus guidelines recommend that players
should not be returned to competition until they
have recovered completely from their concussive
injury. Currently, however, there is no single gold
standard measure of brain disturbance and recov-
ery following concussion. Instead, clinicians must
rely on a number of indirect measures to form a
clinical judgment. In practical terms, this involves
a multifaceted clinical approach, which includes
assessment of symptoms, physical signs (such as
balance), and cognitive function.

The general management principle is that no
return to play on the day of injury should be
contemplated for a concussed athlete. It is not
within the scope or expertise of a physiotherapist,
trainer, or other nonmedical person to manage a
concussive injury or determine the timing of return
to play. A player should never return to play while
symptomatic. “When in doubt, sit them out!”

The cornerstone of concussion management is
physical and cognitive rest until the acute symp-
toms resolve and a graded program of exertion
prior to medical clearance and return to play (see
SCAT3 form; Fig. 1). Similarly, the use of alcohol,
narcotic analgesics, anti-inflammatory medica-
tion, or sedatives can exacerbate symptoms fol-
lowing head trauma, delay recovery, or mask
deterioration and should also be avoided. Specific
advice should also be given on avoidance of activ-
ities that place the individual at risk of further
injury (e.g., driving).

Following a concussive injury, players should
be returned to play in a graduated fashion once
clinical features have resolved and cognitive func-
tion returned to “baseline.” When considering
return to play, the athlete should be off all

medications at the time of considering commence-
ment of the rehabilitation phase (depending on the
medical assessment) or must be off all medica-
tions at the final medical assessment and return to
play. In every case, the decision regarding the
timing of return to training should be made by a
medical doctor with experience in concussive inju-
ries. There is no mandatory period of time that a
player must be withheld from play following a
concussion. However, at the very minimum, a
player must be symptom-free at rest and with exer-
tion and determined to have returned to baseline
level of cognitive performance. A stepwise Grad-
uated Return to Play Protocol is recommended.
This is outlined in the SCAT3 (Fig. 1).

Children younger than 15 years may report
different symptoms, so age and developmentally
appropriate evaluation is recommended. An addi-
tional consideration in assessing the child or ado-
lescent athlete with a concussion is that in the
clinical evaluation by the healthcare professional,
there may be the need to include parent input as
well as teacher and school input when appropri-
ate. Children should not be returned to practice or
play until clinically completely symptom-free,
which may require a longer time frame than for
adults. Moreover, children should “return to
school” successfully before “return to play” is
contemplated. In addition, the concept of “cogni-
tive rest” is highlighted with special reference to a
child’s need to limit exertion with activities of
daily living and to limit scholastic and other cog-
nitive stressors (e.g., text messaging, videogames)
while symptomatic. School attendance and activ-
ities may also need to be modified to avoid prov-
ocation of symptoms.

Screening computerized cognitive tests are
strongly encouraged in the routine management
of concussion in sports. Computerized tests
provide a quick, valid, and reliable measure of
cognitive recovery following a concussive
injury. These include test platforms such as
Axon CCST (www.axonsports.com), ImPACT
(www.impacttest.com), Headminders (www.
headminders.com), and a tool developed by the
US military – Automated Neuropsychological
Assessment Metrics (www.armymedicine.army.
mil/prr/anam.html). Overall, it is important to
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remember that neuropsychological testing is
only one component of assessment and, therefore,
should not be the sole basis of management
decisions.

Preventing Reinjury
It has become a widely held belief that having
sustained a concussive injury, one is then more
prone to future concussive injury. The evidence
for this contention is limited at best. It would seem
obvious that in any collision or contact sports, the
risk of concussion is directly proportional to the
amount of time playing the sports. Therefore, the
likelihood of repeat injury may simply reflect the
level of exposure to injury risk. The association of
an increased risk of subsequent concussions
reported in players with a past history of concus-
sion is thought to reflect a player’s style of play
where his risk of injury may be increased by
utilizing dangerous game strategies and illegal
tackling techniques (Benson et al. 2013).

When assessing an injured player, details
regarding protective equipment employed at the
time of injury should be sought. The benefit of this
approach allows for modification and optimiza-
tion of protective behavior and an opportunity for
head injury education. There are relatively few
methods by which brain injury may be minimized
in sports. The brain is not an organ that can be
conditioned to withstand injury. Thus, extrinsic
mechanisms of injury prevention must be sought.
There is no good clinical evidence that currently
available protective equipment will prevent con-
cussion although mouth-guards have a definite
role in preventing dental and orofacial injury
(Benson et al. 2009). Biomechanical studies
have shown a reduction in impact forces to the
brain with the use of head gear and helmets, but
these findings have not been translated to show a
reduction in concussion incidence in published
randomized controlled trials (McIntosh
et al. 2009). For skiing and snowboarding, there
are a number of studies to suggest that helmets
provide protection against head and facial injury
and hence should be recommended for partici-
pants in alpine sports. In specific sports such as
cycling, motor, and equestrian sports, protective
helmets may prevent other forms of head injury

(e.g., skull fracture) that are related to falling on
hard road surfaces, and these may be an important
injury preventive issue for those sports.

Neck muscle conditioning may be of value in
reducing impact forces transmitted to the brain.
Biomechanical concepts dictate that the energy
from an impacting object is dispersed over the
greater mass of an athlete if the head is held
rigidly. Although attractive from a theoretical
standpoint, there is little scientific evidence to
demonstrate the effectiveness of such measures.

The major concern with the recommendation
for helmet use in sports is the phenomenon known
as “risk compensation,” whereby helmeted ath-
letes change their playing behavior in the mis-
guided belief that the protective equipment will
stop all injury. This is where the use of protective
equipment results in behavioral change such as
the adoption of more dangerous playing tech-
niques, which can result in a paradoxical increase
in injury rates. This may be a particular concern in
child and adolescent athletes where head injury
rates are often higher than in adult athletes.

As the ability to treat or reduce the effects of
concussive injury after the event is minimal, edu-
cation of athletes, colleagues, and those working
with them as well as the general public is a main-
stay of progress in this field. Athletes and their
healthcare providers must be educated regarding
the detection of concussion, its clinical features,
assessment techniques, and principles of safe
return to play. Methods to improve education
including various web-based resources (e.g.,
www.concussionsafety.com), educational videos,
outreach programs, concussion working groups,
and the support and endorsement of enlightened
sports groups must be pursued vigorously.

Other Specific Diagnoses

Diffuse Cerebral Swelling and Second-
Impact Syndrome

Second-impact syndrome is frequently mentioned
in the concussion literature but, surprisingly, has
little scientific evidence for its existence. It is a
term used to describe the potential catastrophic

237 Head Injuries in Sports 2947

http://www.concussionsafety.com/
Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight

Reviewer
Highlight



consequences resulting from a second concussive
blow to the head before an individual has fully
recovered from the symptoms of a previous concus-
sion (Cantu 1998). The second head injury is
believed to result in loss of cerebrovascular
autoregulation, which in turn leads to brain swelling
secondary to increased cerebral blood flow. There is
a lack of evidence to support the claim that the
second impact is a risk factor for diffuse cerebral
swelling. However, there is evidence that acute (and
delayed) brain swelling may occur following a sin-
gle blow to the head, in association with a structural
injury such as a subdural hematoma and also in
disorders of calciumchannels, suggesting a possible
genetic basis for some of these cases. Such events
are virtually only seen in children and adolescents
(McCrory et al. 2012). The diagnosis is usually
made with an urgent CT brain scan or MRI.
Clinical examination, for example, papilledema on
fundoscopy and decerebrate posturing, may also
provide a clue to the diagnosis. If cerebral swelling
is suspected or noted on imaging studies, an urgent
neurosurgical consultation is required. Mortality in
this condition approaches 100 %.

Chronic Traumatic Encephalopathy

Tremendous media attention surrounding sports-
related concussion has been directed toward the
potential for long-term problems in athletes with
high exposure to head contact (i.e., both concus-
sive and sub-concussive impacts) during a career
in contact sports. This attention has been fuelled
by the publication of autopsy case studies of
retired professional athletes and research
reporting increased mortality rate due to neurode-
generative diseases in former professional ath-
letes. There is also evidence from retrospective
surveys supporting an association between long-
term cognitive, psychiatric, and neurobehavioral
problems and participation in sports. In this set-
ting, there is limited neurophysiological and
radiological evidence to suggest that persistent
disturbance of brain function in the absence of
overt pathological change may occur following
concussive injury. In recent years, chronic trau-
matic encephalopathy (CTE) has been redefined

from the original condition resembling
Alzheimer’s disease in professional boxers to a
new condition observed in athletes, military per-
sonnel, and other non-sporting individuals that
shares many features with known psychiatric dis-
orders and other forms of dementia. Although the
clinical phenotype is not yet clarified, CTE is
characterized by distinct neuropathological find-
ings. The strongly presented causal assumptions
in the literature relating to concussive and
sub-concussive brain impact exposure derived
from the case studies are scientifically premature,
especially given the absence of cross-sectional,
epidemiological, prospective, or longitudinal
studies on the topic. In addition to the limitations
associated with verifying clinicopathological cor-
relation, further research is required in order to
better delineate this putative disease process.

Cranial Fracture: Skull Fracture

All types of athletic activity in which trauma to the
head occurs have the potential to cause a cranial
fracture. Cranial fractures can be divided into three
broad categories: linear fractures, skull base frac-
tures, and depressed fractures. Skull fractures can
be further classified as open (associated with an
overlying scalp laceration) or closed. Fractures
that involve air sinuses or overlie venous
sinuses in the skull require special consideration.
A depressed fracture caused by a blow to the head
from even a relatively small object may cause the
bone fragments to impact or tear the dura mater or
the brain. These fractures can be associated with
brain contusions, CSF leaks, and seizures. Basal
skull fractures involve the floor of the anterior and
middle cranial fossas. These fractures may be
associated with cranial nerve and vascular injuries.

Athletes with a cranial fracture usually have a
headache and may or may not have symptoms of
an underlying brain injury. The scalp should be
carefully inspected and palpated to establish
whether the skull fracture is open or closed.
Rhinorrhea and otorrhea indicate that skull frac-
ture is associated with torn dural membranes. The
diagnosis is usually made with a plain skull radio-
graphs or CT of the brain.
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In all cases of a skull fracture, especially if
a CSF leak is present, an urgent neurosurgical
consultation is required. When a skull fracture is
suspected, the patient should always be hospital-
ized for observation and neurosurgical evaluation.
Linear fractures heal in a few months to a year,
and if no additional injury occurs, the athlete can
often return to sports activity. The grade of brain
injury will usually determine the outcome. The
prognosis is often good when the brain and its
membranes are uninjured.

Acute Subdural Hematoma

Subdural hematomas are typically associated with
rapid acceleration and deceleration impact forces
that tear small bridging veins between the brain
and dura. Extravasation of blood into the subdural
space causes hematoma formation. In addition,
subdural hematomas frequently are associated
with underlying brain injury, for example, contu-
sions. These injuries are typically seen following
falls on hard surfaces or assaults with
non-deformable objects rather than low-velocity
injuries. They are also more common in elderly
subjects and should be considered into those tak-
ing medications such as anticoagulants. Acute
subdural hematomas are the most common trau-
matic mass lesions and occur in 30 % of severely
head-injured patients.

The clinical signs and symptoms depend on the
size and location of the subdural hematoma and
how quickly it developed. In general, the more
severe the head injury, the more likely the pres-
ence of an acute subdural hematoma. Impaired
alertness and cognitive function are frequently
found on initial examination. Enlargement of the
hematoma or an increase in edema surrounding
the hematoma produces additional mass effect,
with further depression of the patient’s level of
consciousness, increases in motor or speech defi-
cit, and eventually ipsilateral compression of the
third nerve and midbrain (i.e., herniation). The
diagnosis is usually made with an MR or CT
scan of the brain. A patient with a subdural hema-
toma requires urgent neurosurgical consultation
and often surgical evacuation of the hematoma.

Acute subdural hematoma is usually associated
with underlying injury to the cerebral parenchyma
and consequently the prognosis is poor.

Extradural Hematoma

Extradural hematomas are found in 10% of coma-
tose TBI patients. They generally result from head
impact in the temporal region that deforms or
fractures the skull. The adherent dura is forcefully
detached and hemorrhage occurs, arterial
(the middle meningeal artery), venous, or both
sources. Injury to the brain under an extradural
hematoma is rare. Extradural hematomas may
have a varied clinical presentation that depends
on the size and site of the hematoma, the rate of
expansion, and the presence of associated
intradural pathology. On brain CT scan, acute
extradural hematomas are classically hyperdense
and lenticular or biconvex in shape. Urgent
neurosurgical consultation is required when an
extradural hematoma is suspected. Rapid
diagnosis and prompt surgical evacuation through
a craniotomy are indicated when there are
neurological findings and depressed conscious-
ness. When rapidly treated, the chances of a full
functional recovery are excellent even in patients
with profoundly abnormal neurological findings
before surgery.

Traumatic Intracerebral Hematoma/
Contusion

Intracerebral hematomas and contusions are
bleeding within the brain that appears as mass
lesions. Acute traumatic intracerebral hematomas
occur at the time of the initial head injury, but in
some cases, the bleeding may develop in the hours
or days after initial injury. Intracerebral hemato-
mas are more likely in more severe TBI, but the
clinical signs and symptoms depend on the size
and location of the intracerebral hematoma as well
as the rapidity of its development. In many cases,
there is a period of confusion or loss of conscious-
ness, but only one-third of the patients remain
lucid throughout their course. Focal findings are
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frequent and depend on lesion location. The diag-
nosis is usually made with an MRI or CT of the
brain. When this condition is suspected or diag-
nosed on imaging studies, an urgent neurosurgical
consultation is required. Overall, mortality after
traumatic intracerebral hematoma from all causes
is about 30 %.

Traumatic Subarachnoid Hemorrhage

Subarachnoid hemorrhage often is found follow-
ing severe or moderate head injury. Traumatic
subarachnoid hemorrhage may occur in isolation
but often occurs with other intracranial pathology.
In addition, traumatic subarachnoid hemorrhage
may result from blood vessel injury, for example,
a vertebral artery dissection. Subarachnoid hem-
orrhage typically presents with meningeal symp-
toms such as headache, neck stiffness, and
photophobia. When traumatic subarachnoid hem-
orrhage is suspected or diagnosed using imaging
studies, an urgent neurosurgical consultation is
required. Vascular imaging may be necessary to
exclude a vascular injury particularly when there is
penetrating injury or suspected vessel dissection
that involves either the carotid or vertebral arteries.
There is no specific treatment of traumatic sub-
arachnoid hemorrhage although there is some sug-
gestion that calcium channel antagonists may be
useful in some patients. Subarachnoid hemorrhage
is associated with the development of vasospasm
(delayed narrowing of cerebral vessels) that can
contribute to delayed cerebral ischemia. These
patients therefore require very careful fluid man-
agement. In addition, hydrocephalus may occur
and require ventricular drainage or a shunt. The
presence of traumatic subarachnoid hemorrhage is
a factor associated with poor outcome after TBI.

Return to Sports Following Catastrophic
or Severe Head Injury
Return to sports following a severe of potentially
life-threatening brain injury is controversial, and a
few guidelines exist for the clinician to follow
(Davis et al. 2009, 2010 Table 2). There are
some situations where the athlete could place
himself at an unacceptably high risk of sustaining

further injury and hence should be counseled
against participation in collision sports. In such
situations, common sense should prevail.

Although sports physicians should keep an
open mind when assessing neurological recovery
from severe brain injuries, nevertheless, it is
recommended that at least 12 months pass before
such a decision is contemplated. Thoughtful delib-
eration and analysis of all the available medical
evidence should occur when making such a deci-
sion. It is also recommended that the counsel of a
neurologist or neurosurgeon experienced in sport-
ing head injury management besought. This is an
important point because a number of individuals
who suffer a TBI may be left with a lack of insight
and impaired judgment over and above their other
neurological injuries. This in turn may make such
an individual unreliable in gauging recovery.
The assessment of cognitive performance and/or
clinical symptoms when fatigued is often useful.
The use of neuropsychological assessment as well
as information from family and friends may assist
the clinician in his deliberation.

Return to collision sports is relatively
contraindicated in almost any situation where sur-
gical craniotomy has been performed. In such
situations, the subarachnoid space is traumatized,
thus setting up scarring of the pia-arachnoid of the
brain to the dura with both loss of the normal
cushioning effect of the CSF and vascular adhe-
sions that may subsequently bleed if torn during
head impact. Even if neurological recovery is
complete, a craniotomy for anything other than
an extradural hematoma effectively precludes

Table 2 Conditions contraindicating return to contact
sport

Persistent post-
concussional or post-
injury symptoms

Hydrocephalus with or
without shunting

Permanent neurological
sequelae – hemiplegia,
visual deficit, dementia, or
cognitive impairment

Spontaneous subarachnoid
hemorrhage from any
cause

Symptomatic
neurological or pain
producing abnormalities
about the foramen
magnum

Craniotomy for evacuation
of intracerebral or subdural
hematoma
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return to collision sports. With an extradural
hematoma without brain injury or other condition
where surgery is not required, return to sports may
be contemplated in selected cases as per the
discussion in the preceding text after a minimum
of 12 months assuming neurological recovery is
complete.

Conclusion

Management of head injury in sports is a critical
aspect of sports medicine care. The use of inter-
nationally accepted assessment tools for the
assessment and management of concussion is crit-
ical. For more severe injury, while neurosurgical
management is often required, the sports physi-
cian should have an understanding of the princi-
ples of management.
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