
Pediatric athletic head injuries are a significant problem,
especially for emergency medicine physicians. The dedication of
many young athletes to performance and their avoidance of
restrictions makes it imperative that ED physicians recognize
and give appropriate recommendations to parents and coaches
of young athletes. The cumula-
tive damage that may result
from repetitive minor head
trauma is not recognized by the
majority of athletes, and the ED
physician has the burden of
conveying these potential risks
to the family. This article pro-
vides a comprehensive review
of sports-related head injuries
and recommendations on grad-
ing of concussions, imaging,
and the safe return of the ath-
lete to competition.

—The Editor

Introduction
There are approximately 300,000 sports-related head

injuries each year in the United States.1-3 Most of these head
injuries are considered mild to moderate in severity, and many
go unrecognized and untreated. Increasingly, team trainers,
coaches, and parents are utilizing the emergency department to

provide care and management recommendations. Optimal care
of the head-injured athlete requires an appreciation of the types
of head injuries that occur and a firm understanding of the
treatment options. It is equally important to understand and rec-
ognize the constellation of signs and symptoms that diagnose a

post-concussion syndrome.
Prevention of the potentially
fatal second-impact syndrome
(SIS) by accurate assessment
of the athlete who has suffered
a concussion and ensuring the
resolution of his signs and
symptoms prior to his return to
play is mandatory.4,5

Sports-related head injuries
commonly are seen in the pedi-
atric population. Children with
mild head injuries comprise up
to 93% of all head-injured chil-
dren admitted to the hospital.6 As

many as 20% of all pediatric head injuries have been reported to be
sports related.7 As in the adult population, it is incumbent upon
health care professionals, trainers, and coaches to properly identify
the severity of a child’s head injury and provide the appropriate
medical management before clearing him to return to competition.

Despite the high frequency of athletic-related head injuries in
both the pediatric and adult populations, research on the topic is
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scarce.8-10 The fact that there is a dearth of Class I evidence (evi-
dence provided by one or more well-designed randomized con-
trolled clinical trials) attests to this. Management recommenda-
tions and current guidelines are based on Class II and Class III evi-
dence only. At least 25 different guidelines for the evaluation of
concussion have been published.1,11 Although there is a common
thread in each of these guidelines, there is no uniform consensus
as to which of the published guidelines is most appropriate.

This manuscript provides a review of athletic head injuries
and suggested methods of grading of concussions. A method of
sideline neurological assessment, including a mini-mental status
exam, also is presented. Discussions of post-concussion syn-
drome and SIS, as well as current recommendations for return to
competition, are included.

Epidemiology
The incidence of sports-related head injury varies regionally,

and is influenced by the types of sports played (contact vs non-
contact, organized vs non-organized, officiated vs non-officiat-
ed), the age of the population, and the existence of active injury
prevention programs.

Sports are categorized by their probability for collision or
contact.12 In “collision” sports (e.g., boxing, ice hockey, football,
and rodeo), athletes purposely hit or collide with each other or
inanimate objects, including the ground, with great force. In
“contact” sports (e.g., basketball and soccer), athletes routinely
make contact with each other or inanimate objects, but usually
with less force than in collision sports. Efforts usually are not
made to separate collision and contact sports, because there is no
clear dividing line between them. In “limited-contact” sports
(e.g., softball and squash), contact with other athletes or inani-
mate objects is infrequent or inadvertent. Some limited-contact
sports (e.g., downhill skiing and gymnastics) can be as danger-
ous as contact or collision sports. The categorization, however,
gives an idea of the comparative likelihood that participation in a
particular sport will result in acute traumatic injuries resulting
from blows to the body.12

Certain sports, in particular, have a higher incidence of head
injuries. These include football, boxing, rugby, ice hockey, soc-
cer, martial arts, equestrian sports, and wrestling.

In the United States, football injuries far exceed other sports
injuries. Football, because of the number of participants and the
nature of the game, has the highest incidence of head injuries.
With approximately 1.5 million participants yearly and up to 20%
of the players sustaining a concussion, the issue of appropriate
management is not inconsequential.13,14 There are up to eight foot-
ball-related head injury deaths each year in the United States.15

One group reported that 19% of high school athletes experi-
ence at least one minor head injury.16 Alarmingly, the author stat-
ed that 70% of the injured players returned to competition the
same day as an injury that resulted in loss of consciousness.

The National Athletic Trainer’s Association (NATA) conduct-
ed a three-year study of the frequency, type, and severity of
injuries in high school football for the 1986-1988 seasons.17 This
study involved 351 teams with more than 21,000 players, 5260
games, and 27,288 practices. There were 12,786 injuries report-
ed; 598 (4.7%) were identified as concussions.

Types of Athletic Head Injuries
Sports should contribute to the physical and mental health of

children. Unfortunately, head injuries occur in sports and can cause
permanent, irreversible damage to the central nervous system.18

Most acute head injuries are caused by a combination of rota-
tional (angular) and translational (linear) acceleration, as well as
the force of impact to the head.18 Rotational acceleration of the
brain (caused by rapid turning of the head) can result in diffuse
shearing forces deep in the brain, causing axonal injury. Rota-
tional vectors applied to the head often produce injury in the
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brain at anatomical sites of fixation of the brain, particularly in
the midbrain as it passes through the tentorial opening at the
foramen magnum. Translational acceleration will cause tensile
(pulling apart) and compressive forces, which usually result in
skull fractures and injury to the adjacent structures (i.e., blood
vessels, brain parenchyma, dura). Brain acceleration can occur
without impact to the head; 35% of concussions in college foot-
ball involved no impact to the head.18 Because adolescents are
larger, faster, stronger, and more skilled at delivering a forceful
impact than their younger counterparts, the incidence of head
injury is higher in adolescents.18,19

Acute brain injuries can be divided into two categories: 1)
focal brain injuries, including epidural hematomas (EDH) and
subdural hematomas (SDH) as well as cerebral contusions; and
2) diffuse axonal damage, ranging from concussions to diffuse
axonal injuries (DAI). DAI pathophysiologically results from
shearing of white matter tracts from the cortex through the brain-
stem, producing coma in the most severe form. Recognition of
focal brain injuries is crucial, because they potentially are the
most life-threatening and require emergency transport and neu-
rosurgical evaluation.20 The most common focal brain injury and
etiology of sports-related fatality (87% of all head-related foot-
ball fatalities) is the SDH.7,18,19

The most common sports-related head injury is the concus-
sion, the syndrome characterized by immediate and transient
impairment of neural function due to mechanical force.9,15,21 A
concussion can occur even if there is no loss of consciousness
(LOC).18 The most common signs and symptoms include confu-
sion, memory loss (antegrade and retrograde), decreased level of
consciousness, headache, slowed information processing, dimin-
ished attention span, and decreased coordination immediately or
within minutes of the head injury.15,18

Repeat head injury is of special concern because the effects of
repeated concussion now are being recognized as cumulative in
nature.1,15,22-24 SIS results when a second concussive injury occurs
prior to the resolution of symptoms from the first head injury.1,4 The
mechanism of SIS is believed to be loss of vascular autoregulation,
which may result in cerebral edema and increased intracranial pres-
sure (ICP).23 Cognitive impairment and diminished neuropsycho-
logical functioning can result from repeated concussions.23,24

Sports-related mild traumatic brain injuries (MTBI) in still-devel-
oping young athletes can have significant long-term consequences
involving cognitive, memory, and fine motor functions.25-27

Concussion. Derived from the Latin concussus (“a shaking”),
concussion is the most common type of head injury that occurs
in athletes. There is no universal agreement on the standard defi-
nition or nature of concussion.1,2,28 A frequently used definition
of a concussion is a trauma-induced alteration in mental status
that may or may not involve LOC.15,29

Concussions are sometimes described as MTBI.1,26 The
American Congress of Rehabilitation Medicine has proposed
this definition of MTBI: A traumatically induced physiologic
disruption of brain function with at least one of the following: 1)

any period of documented loss of consciousness; 2) memory loss
of events just before or just after the injury event; 3) any alter-
ation of mental state at the time of injury event; 4) focal neuro-
logic deficits that may or may not be transient.30

There are several common features of concussions that help
define the nature of the concussive head injury. The features of
concussion as listed by one group include: 1) it is caused by either
a direct blow to the head or elsewhere on the body with an “impul-
sive” force transmitted to the head; 2) it results in an immediate
and short-lived impairment of neurologic function; 3) it may result
in neuropathologic changes, although the acute clinical symptoms
largely reflect a functional disturbance rather than structural
injury; and 4) it may result in a graded set of clinical syndromes
that may or may not involve LOC.31 The resolution of the clinical
and cognitive symptoms typically follows a sequential course.

The hallmarks of cerebral concussion are confusion and
amnesia.15,29 The athlete with a concussion may demonstrate
easy distractibility and poor vigilance. He or she may be unable
to maintain a coherent stream of thought or carry out a sequence
of goal-directed actions. The confusion and memory disturbance
can be of immediate or delayed onset, necessitating close obser-
vation of the head-injured athlete.29,32

Consciousness is a multifaceted function of the brain depend-
ent on alertness and awareness of self and the environment. These
functions likewise involve sensation, perception, memory, atten-
tion, and cognition. Consciousness is not localized to a specific
brain region, but permeates the entire brain.33 Alteration of con-
sciousness results when the integrity of the reticular activating
system located throughout the brainstem is disrupted.33 Other
anatomical areas involved in consciousness include the lamina
terminalis and the anterior frontal lobe. Historically, grading of
concussions had been based on the presence or absence of a loss
of consciousness. By definition, an athlete does not have to expe-
rience a loss of consciousness to have suffered a concussion.29

Any immediate post-traumatic impairment of neural function,
including an altered mental status, qualifies as a concussion.

Different schools of thought exist on grading the severity of
concussion. (See Table 1.)1,2,34-37 Some classifications place
greater emphasis on the duration of confusion and post-traumatic
amnesia, while others place more emphasis on the presence of a
loss of consciousness.28 All classifications of concussion are in
agreement that the hallmarks of cerebral concussion are confu-
sion and amnesia. No system of grading is foolproof.18 Often the
history obtained from the athlete is distorted by the very pres-
ence of the head injury, which produces confusion of the specific
detail of the injury and is compounded by the athlete’s willing-
ness to under-report signs and symptoms in hopes of an earlier
return to competition.

Recognition of a head injury is easy if the athlete has lost con-
sciousness.4 It is much more difficult to recognize the far more
frequent head injuries in which there is no loss of consciousness,
but rather only a transient loss of alertness. More than 90% of all
cerebral concussions fall into this mild category, in which there
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has not been an LOC but only a brief period of post-traumatic
amnesia or loss of mental alertness.4 Because SIS can occur after
a mild concussion, just as it can after a more serious head injury,
it becomes important to recognize all grades of concussion.4,15

Attempts to qualify post-traumatic amnesia to determine the
severity of head injury can be arduous. Post-traumatic amnesia
(PTA) is the term used to describe the period following head
injury in which the athlete is unable to remember. The duration
of amnesia is determined by questioning the athlete after he or
she has fully recovered. In practice, quantification of the dura-
tion of PTA can be unsatisfactory. Problems include the fact that
it is determined retrospectively and depends on the athlete’s own
judgment of the time memory returned and his or her recollec-
tions of the associated events which allow it to be timed. Consid-
eration of the duration of post-traumatic disorientation has been
considered as an alternative to post-traumatic amnesia; however,
research studies have not found the two to be coterminous. Other
problems associated with determining PTA include variability
from one examiner to another; whether PTA estimates include
the time elapsed since the injury or time from clinical assess-
ment; and variability of estimates from the athlete, if he or she is
questioned more than once. Head-injured athletes commonly
will experience a return of “islands of memory” before the return
of continuous memory. Estimates of PTA duration made in the
first hours after the injury have been reported to change in more
than 25% of cases when athletes were interviewed after com-
plete recovery.38

The importance of careful questioning to establish the precise
return of continuous memory cannot be over-estimated. One group
hypothesizes that there are two phases in the amnestic changes due
to concussion; one occurs immediately after impact, and the sec-
ond phase develops up to an hour later.39 The return of “memory
islands” could represent recovery of the first phase before the sec-

ond has developed. Explanations of the second phase are specula-
tive; however, localized cortical edema and biochemical changes
have been proposed. “Islands of memory,” as described by one
research team, are considered to occur when a strong stimulus is
applied during recovery from the immediate injury.40

A mild cerebral concussion does not result in an LOC. Athletes
often have confusion and amnesia and can be distracted easily,
demonstrating an inability to focus their attention and carry out
goal-specific tasks. They often continue to play, as their gross
motor skills usually are not impaired. This particular type of head
injury is difficult to diagnose unless the athlete complains of symp-
toms, or a vigilant team of health care providers appreciates the
occurrence of a head injury, often through an altered mental status.

A classic cerebral concussion is associated with a transient loss
of consciousness. Unconsciousness occurs at the time of impact
and recovery occurs within minutes. After regaining conscious-
ness, athletes often will be confused and amnestic and can com-
plain of headache, nausea, dizziness, and visual changes. Neu-
ropsychological signs and symptoms that often are present include
poor concentration, reduced attention span, reduced capacity to
process information, and difficulty in integrative and abstract
thinking. Unless the athlete is observed, questioned, and exam-
ined, a team physician or trainer could easily be misled that the
athlete has had a complete recovery. Physically, the player may
demonstrate nothing more than a vacant stare and some minor
motor incoordination. It is imperative that an athlete with this type
of injury not be allowed to return to competition because of the
increased risk of re-injury and potential for development of SIS.28

Returning an athlete to competition following a head injury is
determined by the severity of the injury and the history of previ-
ous head injuries. This implies the need for some form of med-
ical record for each and every athlete that documents a history of
antecedent injury. Studies have demonstrated that a player who
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Severity of Grade

Guideline 1 2 3

Cantu 1) No loss of consciousness 1) Loss of consciousness lasts 1) Loss of consciousness lasts
2) Post-traumatic amnesia lasts fewer than 5 min longer than 5 min 

fewer than 30 min OR OR
2) Post-traumatic amnesia lasts 2) Post-traumatic amnesia lasts

longer than 30 min longer than 24 hr

Colorado 1) Confusion without amnesia 1) Confusion with amnesia 1) Loss of consciousness 
2) No loss of consciousness 2) No loss of consciousness (of any duration)

Practice 1) Transient confusion 1) Transient confusion 1) Loss of consciousness 
Parameter, 2) No loss of consciousness 2) No loss of consciousness (brief or prolonged)
American 3) Concussion symptoms or 3) Concussion symptoms or 
Academy  mental status change mental status change 
of Neurology resolve in fewer than 15 min last longer than 15 min

Table 1. Diagnostic Grading Scales for Sports-Related Concussion



has suffered a concussion has a four times greater likelihood of
having a second one, when compared to the athlete who has
never had a concussion.34

Generally, the decision to return the athlete to active competi-
tion will be based on several factors, including:

•  Presence of head injury;
•  Presence of LOC;
•  The length of the LOC;
•  The presence of altered mental status (i.e., confusion, agita-

tion, disorientation);
•  The presence and length of amnesia;
•  A period of observation and re-evaluation;
•  The clearance of all concussive symptoms and sensorium;

and
•  A medical history with no previous head injuries or 

concussions.
In 1986, Robert Cantu proposed a set of guidelines for the

safe return to competition for athletes who have suffered a con-
cussion.35,41 (See Table 2.) His guidelines, which have become
widely accepted, are based on a grading of the concussion that is
determined by the presence or absence of a loss of conscious-
ness, the length of time of unconsciousness, and by the presence
and length of post-traumatic amnesia. Numerous other classifica-
tions and guidelines for return to competition have subsequently
been published. The Colorado Medical Society and the Ameri-
can Academy of Neurology guidelines are two that have been
well accepted. It is important that one system be adopted and uti-
lized by a team and that records are maintained on each individ-
ual player suffering a traumatic brain injury. The effect of con-
cussion can be cumulative and if return to competition occurs
too early, it can render the athlete vulnerable to repeat injury.22

Recognizing and managing Grade 2 and Grade 3 level con-
cussions (per any grading system) require removal from the
game or practice and a period of observation and retesting before
return to competition. Generally, return to competition after con-
cussion must be deferred until all symptoms have abated and
diagnostic studies are normal.28 Head computed tomography
(CT) may be required if neurological symptoms continue. In the
pediatric population, those who have suffered a sports-related
head injury with an associated LOC; are amnestic at the time of
evaluation; or who have continued headache, vomiting, or focal
neurological deficit have a prevalence of intracranial injury
detectable on CT that ranges from 0-7%.10

After any form of concussion, continued headache or associated
concussive symptoms would require further evaluation and CT
scanning. Any CT-documented post-traumatic pathology (i.e., con-
tusion, hemorrhage, or edema) would conclude the player’s season.

Post-Concussion Syndrome. Patients with minor head injuries
may continue to have residual complaints stemming from their ini-
tial concussion.8 Symptoms such as continued headache (especially
with exertion), nausea, vertigo, dizziness, irritability, impaired mem-
ory, and impaired concentration and attention that fail to resolve
after a head injury may represent a post-concussion syndrome.18,28

Proposed diagnostic criteria for the diagnosis of a post concus-
sion syndrome have been published in the Diagnostic and Statisti-
cal Manual (1994) of the American Psychiatric Association
(DSM-IV). The DSM-IV proposal criteria requires that two of
three major criteria be present for the diagnosis of a post concus-
sion syndrome. However, a significant number of concussions of
the mild to moderate type (Cantu/Colorado classification) would
not satisfy the DSM-IV criteria and, therefore, would not be eligi-
ble for the diagnosis of a post-concussion syndrome. Perhaps the
presence of continued signs and symptoms after head injury
should support a diagnosis of post-concussion syndrome.

Physicians and trainers should be alerted to continued com-
plaints and symptoms in the head-injured athlete. Referral for
further neurological evaluation and, possibly, imaging is recom-
mended. Formal neuropsychological assessment can be benefi-
cial in managing these patients.22 A large number of patients with
a post concussion syndrome have no neurological deficits on
clinical examination, yet their symptoms can be disabling and
may preclude them from participation in sports. Neuropsycho-
logical testing can detect subtle but significant cognitive abnor-
malities with much greater sensitivity than a standard neurologi-
cal examination.24

Second-Impact Syndrome. SIS refers to a condition in
which a fatal brain swelling, at times subclinical, can develop
after a minor head injury in an athlete who still is symptomatic
from a previous concussion.4,28,32,42,43 What one group44 called the
“second-impact syndrome of catastrophic head injury” in 1984
was first described in 1973.4,45 SIS underscores the need for strict
adherence to return to competition guidelines, circumventing this
potentially catastrophic occurrence. 

Typically, the athlete suffers post-concussion symptoms after
the first head injury. These may include headache, labyrinthine
dysfunction, visual, motor, sensory changes, or mental difficulty,
especially thought and memory process.4 Before these symptoms
resolve, which may take days to weeks, the athlete returns to
competition and receives a second blow to the head. Affected
athletes may appear stunned, but usually remain on their feet.
What happens in the next seconds to minutes sets this syndrome
apart from a concussion or even a SDH.4,28 The athlete, con-
scious yet stunned, quite precipitously collapses to the ground,
semicomatose with dilating pupils, loss of eye movement, and
evidence of respiratory failure or apnea.28

Pathophysiologically, it is believed that subclinical brain edema
from a previous head injury renders the brain more susceptive to
further injury, even minor in nature. Current understanding of this
syndrome is that the initial injury/concussion deranges the brain’s
autoregulatory and metabolic systems enough to produce vascular
engorgement and poor brain compliance, allowing for marked
changes in ICP with small changes in intracranial volume.4,32

Brain compliance refers to the intracranial relationship of volume
change to pressure change. Essential to this discussion is the fact
that during the minutes to few days after concussion injury, brain
cells that are not irreversibly destroyed remain alive but exist in a
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vulnerable state. This concept of injury-induced vulnerability
describes the fact that patients suffering from head injury are
extremely vulnerable to the consequences of even minor changes
in cerebral blood flow and increases in ICP and apnea.32 When
head injury occurs, major compensatory mechanisms are set into
action to accommodate for any increase in intracranial volume. If
the limits of these compensatory mechanisms are exceeded, ICP
begins to rise; a substantial increase in pressure with any subtle
change in volume occurs. This increased ICP can result in hernia-
tion, cerebral ischemia, and brain death.43,46

The risk factors for SIS currently are not understood. Limited
knowledge suggests that children and adolescents are at higher
risk; hence, increased clinical vigilance may be necessary after
all head injuries in this age group.43

Approximately 50 cases of SIS have been reported since
1980. The National Institute for Catastrophic Sports Injury

Research reported 35 football-related cases between 1980 and
1993.4

The treatment of SIS should be prevention by adherence to
return-to-competition guidelines after an initial head injury. Any
athlete sustaining a second head injury prior to the resolution of
symptoms from the antecedent injury has the potential to devel-
op SIS.4,32 An athlete who is symptomatic from a head injury
must not participate in contact or collision sports until all cere-
bral symptoms have subsided, and preferably for at least one
week after. Whether it takes days, weeks, or months to reach the
asymptomatic state, the athlete must never be allowed to practice
or compete while still suffering post concussion symptoms.32

Recognition of the condition on the field and initiating meas-
ures to reduce ICP is indicated. This form of head injury should be
managed as a severe head injury, including control of the airway
and rapid sequence intubation.9 If signs of raised ICP are apparent,
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CANTU GUIDELINES

COLORADO MEDICAL SOCIETY GUIDELINES

Table 2. Examples of Differing Concussion Classification Systems and Return-to-Play 
Recommendations

First Concussion

May return to play if
asymptomatic

Return after asymptomatic
for 1 week

Wait at least 1 month; may 
return then if asymptomatic
for one week

Second Concussion

May return in 2 weeks if
asymptomatic at that time
for 1 week

Wait at least 1 month; may
return if asymptomatic for 1
week; consider terminating
season

Terminate season; may 
return next year if asympto-
matic

Third Concussion

Terminate season; may
return next year if asympto-
matic

Terminate season; may
return next year if asympto-
matic

Severity

Grade 1 (mild):
No loss of consciousness;
post-traumatic amnesia < 30 min

Grade 2 (moderate):
Loss of consciousness < 5 min or
post-traumatic amnesia  > 30 min

Grade 3 (severe):
Loss of consciousness > 5 min or
post-traumatic amnesia > 24 hr

Severity

Grade 1 (mild):
Confusion without amnesia; no
loss of consciousness

Grade 2 (moderate):
Confusion with amnesia; no loss
of consciousness

Grade 3 (severe):
Loss of consciousness

First Concussion

May return to play if
asymptomatic for at least
20 min

Terminate contest/practice;
may return if asymptomatic
for at least 1 week

May return after 1 month if
asymptomatic for 2 weeks
at that time; may resume
conditioning sooner if
asymptomatic for 2 weeks

Second Concussion

Terminate contest or prac-
tice for the day

Consider termination of
season, but may return if
asymptomatic for 1 month

Terminate season; discour-
age any return to contact
sports

Third Concussion

Terminate season; may
return in 3 months if
asymptomatic

Terminate season; may
return to play next season if
asymptomatic

Cantu guidelines adapted from: Cantu RC. Guidelines for return to contact sports after a cerebral concussion. Phys Sports Med 1986;14:75-83.
Colorado Medical Society guidelines adapted from: Colorado Medical Society. Report of the Sports Medicine Committee: Guidelines for the Management of
Concussions in Sports (revised). Denver:Colorado Medical Society;1991.



or there is clinical evidence of herniation, hyperventilation and
intravenous administration of mannitol should be considered until
more definitive treatment is available at a medical facility. Preven-
tion of hypotension and hypoxia is crucial. Rapid transport to a
hospital with neurosurgical capabilities is mandatory.

Diffuse Axonal Injury. Diffuse axonal injury (DAI) is most
common in victims of motor vehicle accidents but occasionally is
seen in severe athletic-related head trauma. Severe DAI unaccom-
panied by a mass lesion occurs in almost half of patients with
severe head injury and is responsible for one-third of all head-
injury-related deaths.15 It is the most common cause of persistent
vegetative state and significant disability following head injury.

DAI is believed to be caused by angular or rotational forces
applied to the head that result in a shearing type injury that
stretches and tears axons diffusely.1,47 When the reticular activat-
ing system of the brainstem is disrupted, consciousness is lost.
Unconsciousness also can be produced by a diffuse injury to
both cerebral hemispheres. The cerebral impairment may be so
severe that the respiratory drive is affected, and the athlete
hypoventilates or becomes apneic, hypoxic, and hypercapnic.47,48

The extent of apnea is directly related to the amount of energy
transmitted to the brainstem.48

The number of axons injured and degree of edema increase
with the traumatic force. Less severe axonal injury is reversible;
more severe injury can be permanent.47

Cerebral concussion is considered a mild form of DAI. Mag-
netic resonance imaging (MRI) can be helpful in demonstrating
characteristic lesions (tissue tear hemorrhages) commonly associ-
ated with more severe forms of DAI; however, it does not deter-
mine the severity of DAI, which remains a clinical determination.

Intracranial Hemorrhage. Intracranial hemorrhage is the most
common cause of death in athletes.28 The four types of primary
intracranial hemorrhages are epidural hematoma (EDH), SDH,
intraparenchymal hematoma, and subarachnoid hematoma (SAH).

An athlete who has sustained severe head trauma can develop
any form of intracranial hemorrhage. SAH is the most common
post-traumatic hemorrhage; however, acute SDH is the most
lethal and is the most common cause of death in athletes.

Epidural Hematoma. EDH is a hemorrhage that occurs
between the periosteal layer of the dura mater and the skull. EDHs
often are associated with skull fractures, usually are arterial in ori-
gin, and most commonly occur in the middle cranial fossa. The
high incidence in the middle cranial fossa arises from the fact that
the middle meningeal artery is located close to the squamous tem-
poral bone, which easily fractures with trauma. The bony frag-
ments can tear the vessel, resulting in an EDH. (See Figure 1.)15

An EDH usually is the most rapidly progressing intracranial
hematoma; it may reach a fatal size in 30-60 minutes.28 The ath-
lete may have a lucid interval, although this does not always
occur. Thus, the athlete initially may remain conscious or regain
consciousness after the head trauma and then experience an
increasing headache and progressive decline in level of con-
sciousness. This occurs as the clot accumulates and the ICP

increases. This lesion, if present, almost always will declare
itself within 1-2 hours from the time of injury.20,28 Usually, the
brain substance is free from direct injury; thus, if the clot is evac-
uated promptly, full recovery may be expected.

Subdural Hematoma. SDHs are located between the dura
mater and the arachnoid and usually are crescentic-shaped and
associated with a high mortality. Athletes who suffer a severe
impact at the time of injury generate brain acceleration within the
skull, with over-stretching and rupture of the parasagittal bridging
veins. Unlike EDH, with this injury there often is associated
injury to the brain tissue.

An acute SDH generally becomes apparent immediately fol-
lowing impact to the head.20 After contact to the head, or in some
instances a blow to another part of the body that shakes the brain
sufficiently, the athlete becomes disoriented, nauseated, and
loses consciousness. In severe cases, the athlete develops postur-
ing and may have pupillary changes. These patients need imme-
diate treatment, hospitalization, and, often, surgical intervention.

The majority of SDHs are supratentorial in location and most
commonly are found in the frontoparietal region. (See Figure 2.)
The high degree of mortality associated with an acute SDH, even
those treated surgically, arises from the significant amount of
associated underlying brain injury.15,28,41 This underscores the
need to rapidly transport severely head-injured athletes to hospi-
tals with neurosurgical capabilities to diagnose and surgically
evacuate those with significant mass effect. This form of
intracranial hemorrhage usually renders an athlete unconscious
from the time of impact, and emergent resuscitation may be nec-
essary.28 Improved outcome has been achieved by resuscitation,
rapid transport, and early surgery (within four hours of injury).18

Intraparenchymal Hemorrhage. This usually is a well-defined
hematoma within the brain parenchyma that occurs post-trau-
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matically as a result of a disruption of a cerebral blood vessel.
Progression in size or severity of the hemorrhage occurs in up to
30% of patients within 24 hours.28

Differentiation from a hemorrhagic contusion can be difficult,
owing to the fact that contusions can evolve and coalesce into a col-
lection of blood. The mechanism of injury is acceleration of the
brain within the calvarium occurring at the time of impact, resulting
in disruption of one or more parenchymal vessels. (See Figure 3.)

Subarachnoid Hematoma. Extravasation of blood into the sub-
arachnoid space may appear as a high density collection within
the cerebrospinal fluid spaces, including sulci, cisterns, and fis-
sures. The irritative properties of the blood may precipitate a
seizure. CT demonstration of post-traumatic SAH is limited to a
few days as a result of erythrocyte lysis and rapid absorption.
SAH in excess of the degree of trauma may signify an underlying
brain anomaly (i.e., aneurysm or arteriovenous malformation).28,41

If clinical suspicion exists, further investigation may be indicated.
Cerebral Contusion. A cerebral contusion, or bruising of the

brain, usually is cortical in location.49 It represents a combination
of necrosis, hemorrhage, infarction and edema of the brain
involved. Cortical contusions usually are direct coup or contre-
coup injuries that occur when the brain impacts against the bony
prominences of the skull. Contusions commonly involve the
inferior aspect of the frontal lobes and the anterior temporal
lobes, where they lie buttressed against the greater wing of the
sphenoid bone. Signs and symptoms of contusion are uncon-
sciousness, disturbance in strength or sensation, changes in visu-
al awareness, or focal neurologic signs such as seizures.

Emergency Sports Head Injury Assessment
After an athlete is injured, the examiner must take control of

the situation, both on the field during the immediate post-injury
period and on the sideline subsequent to transport off the field. A
systematic head-to-toe evaluation should be completed. Proper
cervical spine precautions should be exercised, and a cervical

spine injury must be assumed until proven otherwise, especially
in anyone who has had an LOC or has a post-traumatic altered
mental status.18 In dealing with a helmeted unconscious athlete,
the helmet should be left in place until adequate assistance is
available and insurance that a medical team familiar with a tech-
nique for removal of helmets is in place. Those providing medical
coverage at athletic events can develop and practice the safe
removal of helmets in injured athletes with available protocols.
(See Table 3.) Sports medicine experts advise against removal of
the helmet in the field, to prevent neurological injury. Removal of
the helmet is a high-risk maneuver, and when performed by an
inadequately trained medical staff can lead to further neurological
injury.50,51 One study estimated that up to 25% of spinal cord
injuries occur after the initial traumatic event, during transfer and
early management.52 If cardiopulmonary resuscitation is neces-
sary, removal of the face mask will allow access to the airway.

Common situations that increase morbidity and mortality in
the injured athlete include airway obstruction, respiratory failure,
cardiac arrest or arrhythmia, severe head injury, cervical spine
injury, hyperthermia, and coagulopathy. 

Proper assessment and management of head-injured athletes
require adherence to guidelines presented in the Advance Trau-
ma Life Support (ATLS) protocols prepared by the American
College of Surgeons Committee on Trauma. As recommended,
these guidelines include the primary survey, resuscitation, a sec-
ondary survey, and re-evaluation and definitive care.

The key to assessment of vital signs is to constantly be vigi-
lant for change from baseline values. Be aware of trends in
parameter changes (i.e., How has it changed? What does the
change imply?).

The respondent’s initial obligation is to determine whether the
injured player is breathing spontaneously, has an unobstructed
airway, and has a pulse. Second, medical personnel should
quickly determine whether further evaluation on the sidelines is
appropriate or whether emergent transport to a hospital is need-
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ed. If the athlete has an adequate airway, respiration, and pulse,
the initial evaluation of the level of consciousness should be per-
formed in the position in which the athlete lies.

In the absence of a pulse and adequate respiration, the neck
should be stabilized by an experienced person. With the assis-
tance of two or three trained personnel, the athlete may be log-
rolled into a supine position so that cardiopulmonary resuscita-
tion can be initiated effectively.

Athletes with head injuries frequently have a blank expression,
may appear confused, exhibit delayed verbal responses, and seem
emotionally labile.32 The standard method of assessing the level
of consciousness is by establishing a Glasgow Coma Score
(GCS). By observing the patient’s eyes and motor and verbal
responses, one can quantify the level of consciousness. A GCS of
13 or greater is classified as a mild head injury and usually has an
excellent prognosis for recovery. By far, the most common sports-
related head injury is the mild variety known as concussion.15

Some authors have objected to the term “mild head injury,” stat-
ing that no injury to the brain should be considered minor.2,41,53

On the other hand, a GCS of 8 or less is considered severe.

Management of Concussion
The guidelines for the management of concussion in sports

adapted by the American Academy of Neurology (AAN) specifi-
cally called for the development of a standardized, systematic
sideline evaluation for the immediate assessment of concussion
in athletes.37,54 The AAN guidelines, in line with the concussion
literature, stress that a sideline examination should test orienta-
tion and probe for deficits in attention, concentration, and memo-
ry.54 (See Table 4.)

The player also should be questioned about the symptoms of
dizziness, light-headedness, vertigo, blurring or double vision,
photophobia, ringing in the ears, headache, nausea, and vomiting.
Many of these symptoms may be present initially after an acute
head injury, while headache, nausea, and vomiting may not
become evident for several minutes after the precipitating trauma.
Vomiting is not very common after athletic injuries, but when it is
present, it suggests significant injury with elevated ICP.

A player initially should be observed for a minimum of 15
minutes on the sidelines and reevaluated as needed. If any symp-
toms develop, the athlete should not return to competition that day.
If the player has not lost consciousness, is oriented, and is asymp-
tomatic, provocative testing should be performed to determine
whether symptoms will occur with physical stress. (See Table 4.)

The following recommendations for management of concus-
sion are based on the AAN guidelines.37,53 Recommendations by
Cantu and the Colorado Medical Society have been discussed
and are presented in Table 2. 

Grade 1 Concussion. Grade 1 concussions are defined by
symptoms of transient confusion without amnesia, no LOC, and
concussion symptoms and/or mental status abnormalities that
resolve in fewer than 15 minutes. This is both the most common
and most difficult form of concussion to recognize, as the individ-

ual is not rendered unconscious and experiences only momentary
confusion. The majority of concussions sustained in sports and
recreational activities are this type. Although this type of concus-
sion is often downplayed and referred to in terms of “being
dinged” or “having their bell rung,” an athlete who sustains a
Grade 1 concussion should be removed from the game and
reevaluated before reentering the playing area. 

A second Grade 1 concussion on the same day will result in
the player being removed from the contest for the remainder of
the day and undergoing evaluation by a physician. It also is rec-
ommended that a player who has sustained three Grade 1 con-
cussions not be allowed to return to play until he or she is symp-
tom-free for at least one week. In addition, no further contact
sports are permitted for at least three months, and then only if the
individual is asymptomatic at rest and with exertion. CT or MRI
scanning is recommended in all instances in which headache or
other associated symptom either worsens or persists longer than
one week after the concussion.

Grade 2 Concussion. Grade 2 concussion is defined by the
presence of transient confusion with amnesia and concussion
symptoms and/or mental status abnormalities lasting more than
15 minutes, although there is no LOC. With this type of concus-
sion, the individual exhibits confusion and may have post-trau-
matic amnesia of the events following the impact. In more severe
cases, the individual may experience retrograde amnesia of
events preceding the injury. After an individual has sustained a
Grade 2 concussion, he or she should be removed from play and
not allowed to return to the playing area.

After the first Grade 2 concussion, the individual should
refrain from playing any contact sport for at least one week,
again only after the player is asymptomatic at rest and during
exertion. Additionally, a physician should perform a neurological
exam before the individual is allowed to return to play. If the
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• After arrival at a medical facility, protective equipment should 
be removed before x-ray and must follow strict protocol.

• A minimum of two people, preferably three, are needed to 
assist.

• Person A stabilizes the head and neck while person B 
removes the chin strap and cheek pads, and if applicable, 
deflates the helmet’s inner surface air cells.

• Person B then stabilizes the head and neck while person A 
spreads the helmet open and gently slides the helmet off 
the head. Person B carefully supports the head to prevent it 
from dropping posteriorly.

• Person A then resumes control of the head and neck, the 
head being maintained at the same level of the torso.

Adapted from: Gastel JA, Palumbo MA, Hulstyn MJ, et al.
Emergency removal of football equipment: A cadaveric cervical
spine injury model. Ann Emerg Med 1998;32:411-417.

Table 3. Emergency Removal of a Football
Helmet



individual experiences worsening headaches and other associat-
ed symptoms, and/or these symptoms last longer than a week, a
CT or MRI is recommended. Return to contact play after a sec-
ond Grade 2 concussion should be deferred for at least two
weeks or, in most cases, a month. After three or more Grade 2
concussions, the individual seriously should consider terminat-
ing play for the remainder of the season, and perhaps beyond
when any abnormality (i.e., brain swelling or contusions)
appears on the CT or MRI scan.

Grade 3 Concussion. It usually is quite easy to recognize a
Grade 3 concussion, and this level of concussion is applied to
anyone who experiences LOC no matter how brief. Initial treat-
ment for Grade 3 concussion—the most severe and serious of the
grades—calls for the individual to be transported to the nearest
hospital for neurological evaluation and observation.

One month should be the minimum period the individual is
barred from contact sports after sustaining a Grade 3 concussion.
With multiple Grade 3 concussions, the individual must remain

out of play for the remainder of the season and should be strong-
ly discouraged from returning to playing any contact sports.

Management of Moderate and Severe Head
Injury

The priority in managing the patient who has moderate (GCS
12-9) or severe (GCS < 8) head injury is to minimize secondary
brain injury, with evaluation and treatment occurring simultane-
ously. Maintenance of adequate hemodynamics and oxygenation
are of utmost importance. If hypoxic or ischemic injury occurs in
addition to the traumatic injury, the prognosis worsens.47,55 The
ABCs (airway, breathing, circulation) of emergency medical care
apply as in every life-threatening situation. Endotracheal intuba-
tion and mechanical ventilation should be performed in patients
who have a GCS of 8 or less, hypoventilation, apnea, cardiorespi-
ratory arrest, or other significant injury.55,56 Hypoxia and hypercar-
bia should be avoided through the use of supplemental oxygen and
controlled ventilation, because even mild-to-moderate hypoxia or
hypercarbia can affect cerebral blood flow and result in further
brain injury. Patients who exhibit signs of impaired cardiac output,
such as tachycardia or borderline or low blood pressures, should
receive a bolus of isotonic fluid intravenously to ensure adequate
circulating volume to maintain blood flow to the compromised
brain. The neurologic status of the patient must be followed during
the period of resuscitation using the GCS to evaluate the response
to therapy. The use of hyperventilation (PCO

2
of 30-35 torr) and

mannitol (0.25-0.50 mg/kg) is appropriate for patients in whom
herniation is impending until the neurologic evaluation is complet-
ed and the patient is stabilized. Seizures are common after trau-
matic and hypoxic brain injury and should be treated with benzo-
diazepines, phenytoin, and phenobarbital as needed.

After initial evaluation and stabilization, all athletes who have
moderate or severe head injury require CT of the head. Significant
SDH or EDH requires urgent or emergent evacuation to prevent
secondary injury. Severe cerebral edema identified by CT may
require placement of an ICP monitor, which necessitates consulta-
tion with a pediatric neurosurgeon. In the patient whose mental sta-
tus is altered, there is a significant possibility of a spinal cord injury
that requires appropriate immobilization. Spinal cord immobiliza-
tion must be continued until proper evaluation is completed.

Conclusion 
Head injuries in sports cause acute—and in some instances

long-term—serious problems. The symptoms of mild head
injury may be transient, but the cumulative effect may have per-
manent sequelae. Appropriate acute and subacute management
can prevent secondary potentially disabling or fatal injury.

It is essential that all individuals who participate in sports and
recreational activities take into consideration the risk of traumat-
ic brain injury and make every effort to prevent such potentially
catastrophic injury. Physicians, athletic trainers and coaches
must work together as partners and become attuned to the prob-
lems and recognize even the mildest forms of concussion in ath-
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MENTAL STATUS TESTING

Orientation: The individual is questioned about the time, 
place, and people involved, and the situation 
(circumstances of the injury).

Concentration: The individual can recite numbers (i.e., a tele-
phone number) backward. Individual can recite
the months of the year in reverse order.

Memory: The individual can recall, for example, teams 
played in prior contests; the name of the 
President or other public figures; and recent 
news-worthy events.

The athlete can recite three words and three 
objects, and then remember and repeat the 
same three words and three objects five min-
utes later.

The individual can remember details of the 
contest (i.e., plays, moves, strategies), if appli-
cable, and can recall all events since the 
injury (i.e., how he/she got off the field).

EXERTIONAL PROVOCATIVE TESTS

Individual can perform
•  a 40-yard sprint •  five sit-ups
•  five push-ups •  five knee bends

(Any appearance of associated symptoms is abnormal; e.g.,  
headache, dizziness, nausea, photophobia, blurred or double 
vision, emotional lability, and/or mental status change.)

Coordination: Athlete can perform finger-nose-finger 
exercise and tandem walking.

Sensation: Individual performs finger-nose-finger exercise 
with eyes closed (Romberg test).

Strength: Individual is fully strong in all muscle groups.

Table 4. Sideline Evaluation



letes. Most importantly, athletes need to be educated and aware
of the recognition and management of concussions so they can
participate in their own care from an informed perspective.
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conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

historical and physical examination findings associated with the
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c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.
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Physician CME Questions

61. Most acute head injuries are caused by a combination of rotational

and translational acceleration.

A. True

B. False

62. What is the most common type of head injury that occurs in athletes?

A. EDH

B. Concussion

C. SDH

D. Intracerebral hematoma

E. SAH

63. Which of the following is a common feature of a concussion?

A. It is caused by either a direct blow to the head or elsewhere on

the body with an impulsive force transmitted to the head.

B. It results in an immediate and short-lived impairment of neuro-

logic function.

C. It may result in neuropathologic changes.

D. It may result in a graded set of clinical syndromes that may or

may not involve LOC.

E. All of the above

64. Post-traumatic amnesia is defined as the period following the head

injury in which the athlete is unable to remember anything.

A. True

B. False

65. Which of the following symptoms following a concussion may be

indicative of a post-concussion syndrome?

A. Impaired memory

B. Impaired concentration

C. Impaired attention

D. All of the above

66. SIS refers to a condition in which fatal brain swelling occurs after a

minor head injury in a patient who was still symptomatic from a pre-

vious concussion.

A. True

B. False

67. A CT scan obtained on an athlete following a head injury shows a

crescent-shaped bleed with underlying brain injury. This most likely

represents which of the following?

A. EDH

B. SDH

C. SAH

D. DAI

68. In a patient with normal neurologic status, what type of injury results

in a full recovery in the majority of patients if the clot is evacuated

immediately?

A. EDH

B. SDH

C. SAH

D. DAI

69. Which of the following is true regarding an SAH? 

A. It is usually cortical in nature.

B. It represents a combination of necrosis, hemorrhage, infarction,

and edema.

C. These lesions may be coup or contrecoup.

D. All of the above

70. A GCS of 12 is classified as a minor head injury.

A. True

B. False
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Answer Key

61. A
62. B
63. E
64. A
65. D

66. A
67. B
68. A
69. D
70. B
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Diagnostic Grading Scales for Sports-Related Concussion

Severity of Grade

Guideline 1 2 3

Cantu 1) No loss of consciousness 1) Loss of consciousness lasts 1) Loss of consciousness lasts
2) Post-traumatic amnesia lasts fewer than 5 min longer than 5 min 

fewer than 30 min OR OR
2) Post-traumatic amnesia lasts 2) Post-traumatic amnesia lasts

longer than 30 min longer than 24 hr

Colorado 1) Confusion without amnesia 1) Confusion with amnesia 1) Loss of consciousness 
2) No loss of consciousness 2) No loss of consciousness (of any duration)

Practice 1) Transient confusion 1) Transient confusion 1) Loss of consciousness 
Parameter, 2) No loss of consciousness 2) No loss of consciousness (brief or prolonged)
American 3) Concussion symptoms or 3) Concussion symptoms or 
Academy  mental status change mental status change 
of Neurology resolve in fewer than 15 min last longer than 15 min

Examples of Differing Concussion Classification Systems 
and Return-to- Play Recommendations

CANTU GUIDELINES

COLORADO MEDICAL SOCIETY GUIDELINES

First Concussion

May return to play if
asymptomatic

Return after asymptomatic
for 1 week

Wait at least 1 month; may 
return then if asymptomatic
for one week

Second Concussion

May return in 2 weeks if
asymptomatic at that time
for 1 week

Wait at least 1 month; may
return if asymptomatic for
1 week; consider terminat-
ing season

Terminate season; may 
return next year if asymp-
tomatic

Third Concussion

Terminate season; may
return next year if asymp-
tomatic

Terminate season; may
return next year if asymp-
tomatic

Severity

Grade 1 (mild):
No loss of consciousness;
post-traumatic amnesia < 30 min

Grade 2 (moderate):
Loss of consciousness < 5 min or

post-traumatic amnesia  > 30 min

Grade 3 (severe):
Loss of consciousness > 5 min or

post-traumatic amnesia > 24 hr

Severity

Grade 1 (mild):
Confusion without amnesia; no

loss of consciousness

Grade 2 (moderate):
Confusion with amnesia; no loss

of consciousness

Grade 3 (severe):
Loss of consciousness

First Concussion

May return to play if
asymptomatic for at least
20 min

Terminate contest/practice;
may return if asymptomatic
for at least 1 week

May return after 1 month if
asymptomatic for 2 weeks
at that time; may resume
conditioning sooner if
asymptomatic for 2 weeks

Second Concussion

Terminate contest or prac-
tice for the day

Consider termination of
season, but may return if
asymptomatic for 1 month

Terminate season; discour-
age any return to contact
sports

Third Concussion

Terminate season; may
return in 3 months if
asymptomatic

Terminate season; may
return to play next season
if asymptomatic

Cantu guidelines adapted from: Cantu RC. Guidelines for return to contact sports after a cerebral concussion. Phys Sports Med 1986;14:75-83.
Colorado Medical Society guidelines adapted from: Colorado Medical Society. Report of the Sports Medicine Committee: Guidelines for the Management of
Concussions in Sports (revised). Denver:Colorado Medical Society;1991.



Supplement to Pediatric Emergency Medicine Reports, July 2003: “Sports-Related Head Injuries: Learn the Rules of this
Serious Game.” Authors: Don W. Penney, MD, MSc, FACEP, Neurological Surgeon; Professor, Department of
Emergency Medicine, Medical College of Georgia, Augusta; and Ronald M. Perkin, MD, MA, FAAP, FCCM, Professor
and Chairman, Department of Pediatrics, The Brody School of Medicine at East Carolina University, Greenville, NC.
Pediatric Emergency Medicine Reports’ “Rapid Access Guidelines.” Copyright © 2003 American Health Consultants, Atlanta, GA. Vice

President and Group Publisher: Brenda Mooney. Editor-in-Chief: Ann Dietrich, MD, FAAP, FACEP. Editorial Group Head: Valerie

Loner. Managing Editor: Allison Mechem. For customer service, call: 1-800-688-2421. This is an educational publication designed to pre-

sent scientific information and opinion to health care professionals. It does not provide advice regarding medical diagnosis or treatment for

any individual case. Not intended for use by the layman.

Contusion/
clot

• After arrival at a medical facility, protective equipment should 
be removed before x-ray and must follow strict protocol.

• A minimum of two people, preferably three, are needed to 
assist.

• Person A stabilizes the head and neck while person B 
removes the chin strap and cheek pads, and if applicable, 
deflates the helmet’s inner surface air cells.

• Person B then stabilizes the head and neck while person A 
spreads the helmet open and gently slides the helmet off 
the head. Person B carefully supports the head to prevent it 
from dropping posteriorly.

• Person A then resumes control of the head and neck, the 
head being maintained at the same level of the torso.

Adapted from: Gastel JA, Palumbo MA, Hulstyn MJ, et al.
Emergency removal of football equipment: A cadaveric cervical
spine injury model. Ann Emerg Med 1998;32:411-417.

MENTAL STATUS TESTING

Orientation: The individual is questioned about the time, 
place, and people involved, and the situation 
(circumstances of the injury).

Concentration: The individual can recite numbers (i.e., a tele-
phone number) backward. Individual can recite
the months of the year in reverse order.

Memory: The individual can recall, for example, teams 
played in prior contests; the name of the 
President or other public figures; and recent 
news-worthy events.

The athlete can recite three words and three 
objects, and then remember and repeat the 
same three words and three objects five min-
utes later.

The individual can remember details of the 
contest (i.e., plays, moves, strategies), if appli-
cable, and can recall all events since the 
injury (i.e., how he/she got off the field).

EXERTIONAL PROVOCATIVE TESTS

Individual can perform
•  a 40-yard sprint •  five sit-ups
•  five push-ups •  five knee bends

(Any appearance of associated symptoms is abnormal; e.g.,  
headache, dizziness, nausea, photophobia, blurred or double 
vision, emotional lability, and/or mental status change.)

Coordination: Athlete can perform finger-nose-finger 
exercise and tandem walking.

Sensation: Individual performs finger-nose-finger exercise 
with eyes closed (Romberg test).

Strength: Individual is fully strong in all muscle groups.

Intraparenchymal Hemorrhage
Emergency Removal of a Football 
Helmet

Sideline Evaluation

Subfalcial
herniation
(midline
shift)

Acute
epidural
hematoma

Epidural Hematoma

Acute 
subdural
hematoma

Subdural Hemorrhage



Although cervical spine injuries (CSIs) are uncommon in chil-
dren, a missed or delayed diagnosis may have devastating conse-
quences for the patient. A thorough understanding of normal
pediatric anatomy, injury patterns, and children who are at
increased risk for injury is critical for the physician caring for
the acutely injured child. The author provides an overview of the
unique features of the pediatric
spine, and fracture patterns that
occur commonly in children.
The author also offers guide-
lines on instances when a child
is at increased risk for sustain-
ing a CSI.

—The Editor

Introduction
The diagnoses of CSIs in

children deserves special atten-
tion and distinction from
injuries in adults. The anatomy, biomechanics, and injury pat-
tern of the infant are different than those of the school-age child
and the adolescent. By adolescence, the cervical spine has
assumed the same mechanical response as the adult spinal col-
umn. This review will describe the anatomy of the cervical
spine from infancy through adolescence and discuss the varying
injury patterns that may occur through childhood. A general
sense of the biomechanical tolerance of the pediatric spine will
be developed through a review of injury-producing impacts.

Additionally, limitations of data will be acknowledged that will
necessitate practical management recommendations.

Anatomy of the Cervical Spine
The cervical spine is composed of seven vertebrae, each sepa-

rated by an intervertebral disc. The cranium rests upon the atlas
(C

1
) while C

7
rests upon the first

thoracic vertebra (T
1
). See Fig-

ure 1 for the landmarks of the
lower cervical vertebrae. 

Tethering ligaments and their
associated attachments are listed
in Table 1. The transverse liga-
ment is unique to C

1
and main-

tains the relationship between C
1

and C
2
. This ligament attaches to

the posterior dens (odontoid
process of C

2
) from the inner, lat-

eral aspect of C
1
. The other teth-

ering ligaments, as well as the facets and interfacet joints, limit hori-
zontal motion between the vertebral bodies. Additionally, the tether-
ing ligaments limit axial, or vertical, elongation of the spinal col-
umn. When the mechanical properties of these structures are over-
come by the forced neck motion of impact, an injury will result.

Developmental Biology of the Cervical Spine
The ossification centers of the vertebral bodies appear during

the second month of gestation as sclerodermal mesoderm
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migrates and thickens into the vertebral column. The vertebral
bodies are formed by two lateral neural arches and a centra. The
centra and the anterior portion of the lateral arches fuse to form
the vertebral body. The posterior portions of the neural arches
fuse to form the transverse processes, facets, and spinous
process. The anterior and posterior arches are radiographically
evident at birth, while the spinous, articular, and transverse
processes do not fuse until approximately 8 years of age.

Ossification of the dens is not complete until 6-8 years of age.
The dens is formed by union of two lateral globular masses,
achieving a conical shape at an age of viability.1 This ossified
dens retains a cartilaginous association with the body of C

2
until

fusion occurs at age 6-8 years. The tip of the dens is formed by a
separate ossification center. The superior portion of the dens is
calcified by age 4 years.

In the newborn cervical spine, the facet joints are flatter than
those in the mature teenage spine, therefore, anterior-posterior
relative motion is not limited in the newborn’s cervical spine as

well as it is in the mature spine. One study found that the facet
joint angle does not assume an adult angle until age 10 years.2

Additionally, potential voluntary anterior-posterior motion of one
vertebral body upon another is increased until age 12 years. 

Although no biomechanical data exist to quantify the differ-
ence, the musculature supporting the pediatric cervical spine is
assumed to be laxer than in adults. In addition to a weaker neck,
infants have a relatively larger head, per body weight, than adults
do. In summary, in young children, a weaker neck that has less
restriction to mechanical motion must support a heavier head.
Being at an anatomic disadvantage, the cervical spine in infants
and children may be at risk for injury at lower impact energies
than would cause injury in adults.

Cervical Spine Malformations and Anomalies. As
described above, embryologic formation of the vertebral column
starts during the third to fourth week of gestation. Additionally,
the major structures of the face and neck develop between weeks
4 and 12.3 Children who have abnormal embryologic develop-
ment of facial or neck features are at risk for abnormal cervical
spine development as embryologic development of these two
structures occurs simultaneously.4 See Table 2 for a list of associ-
ated abnormalities. While the emergency physician often will not
be able to identify the specific malformation syndrome, patients
with face and neck anomalies should be considered at risk of
having a congenitally abnormal cervical spine.

When examining cervical spine radiographs, it is necessary
to look for any signs of congenital abnormality. Fusion of adja-
cent posterior elements commonly is associated with fusion of
the vertebral bodies. Identification of the posterior fusion will
appear earlier, as the complete ossification of the vertebral bod-
ies is delayed in children. Fusions are most common above C

4
,

yet can occur throughout the cervical spine. Other common
abnormalities include occiptoatlantal fusion, hypoplastic or
anomalous portions of the atlas, ligamentous laxity, and malfor-
mations of the dens.3,5

Studies of U.S. football players have demonstrated that con-
genital cervical stenosis commonly is detected in athletes with
transient neuropraxias. However, this anomaly does not predis-
pose athletes to catastrophic neurological injury.6
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Figure 1. Anatomy of the Cervical Vertebra
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Even though it would seem logical, neuromuscular disorders
typically do not affect the cervical spine. Instead, neuromuscular
disorders tend to result in thoracolumbar scoliosis.7 Examples of
these disorders include cerebral palsy, muscular dystrophy, spinal
muscular atrophy, and Rett’s syndrome.

Cervical Spine Injury Distribution 
(Age/Location)

CSIs are less common in pediatric trauma patients than in
adult patients. The NEXUS group found 30 injuries in 3065
(1%) pediatric patients, compared to injuries in 2.5% of adult
patients (788/31,004).8 Approximately two-thirds of pediatric
CSI occur in patients older than 8 years of age.9 These data
reflect patients who arrived to emergency departments, and do
not include those who died prior to transport. In a series of 102
patients, 42% of those younger than 10 years of age arrived neu-
rologically intact, 42% had an incomplete spinal cord injury and
16% had a complete lesion.10 Of those between 10 and 16 years,
41% (26 of 64 patients) arrived neurologically intact, 47% had
partial spinal cord lesions, and 12% had complete spinal cord
injury on arrival.

Types of injuries to the pediatric cervical spine include frac-
tures, dislocations, or SCIWORA (Spinal Cord Injury Without
Radiographic Abnormality). In one review of the National Pedi-
atric Trauma Registry, 25-30% of all CSI were SCIWORA in
children younger than 11 years.11 In patients between 11 and 18
years, 15-20% of all CSI were SCIWORA. Fractures accounted
for 35-40% of CSI in children younger than 7 years, 45-50%
between 7 and 11 years, 60-70% from 12 to 16 years, and 70-
75% in those older than 16 years. Dislocations caused 30-40% of
the injuries in those younger than 7 years, 20-30% in those 7-11
years, and 15-25% in those 12-16 years. In summary, fractures
are the most common injury seen and increase in frequency
through childhood. Dislocations also are more common in
younger children, but the difference between young and old is
not as dramatic. SCIWORA is common in younger children, but
may occur in any age group.

Younger children with CSI most commonly are injured in the
upper cervical spine. (See Figure 2.) By the end of the teenage
years, injuries are distributed more evenly between the upper and
lower cervical spine. In children younger than 11 years of age,
15-20% of all CSI are below C

4
. In the ages 11-15, 35-40% of

CSI are below C
4
. Upper and lower CSI are equally as likely in

the child older than 15 years.11 Series published through individ-

ual institutions have presented differing distribution of injuries,
but one paper11 included 408 children, the largest data set of
pediatric CSI.12-22

Some data exist regarding the prevalence of CSI as an isolated
injury. In a group of 72 children with CSI from Utah, one study
notes that the median Glasgow Coma Score (GCS) was 15.22

Fourteen percent of the children had a GCS less than 13. The
mean injury severity score was 15, with a range of 4-54.22 In
another series, 37 children younger than 9 years had a mean
injury severity score of 26, while the 36 children older than 8
years had a mean injury severity score of 12.1.18 These data sug-
gest that children may sustain an isolated CSI .

Combining the data presented in two studies allows some
description of outcomes in children with CSI.12,19 Eleven of 18
children younger than 5 years with CSI died. Fourteen of 19 chil-
dren between the ages of 5 and 10 died. Of those older than 10
years, four of 42 children died. In one of the two studies, all chil-
dren survived if they had an isolated cervical spine fracture. One
child out of nine with a fracture/subluxation died. All 15 children
with distraction injuries died (eight of which were occipito-cervi-
cal injuries).

Injury Etiology
CSI in young children tends to result from motor vehicle col-

lisions (MVCs), falls, pedestrian injuries, or child abuse. Older
children are more active in sports and activities and may endure a
CSI due to MVCs, sports, falls or bicycle accidents.9-12,16-18,20-22

To further clarify the force of impact necessary to cause CSIs
in children, it is tempting to read injury reports regarding specific
mechanisms of trauma. Many authors have published series of
papers dealing with the injuries seen after specific types of trau-
ma, including falls,24-27 crashes,28-31 and animal attacks.32 These
data series tend to reinforce to the clinician that a specific impact
may be an injury-producing impact. Potentially more useful are
series that emphasize mechanisms that did not result in a CSI
from a specific type of trauma. CSI did not occur in any child in
a series of 432 falls down stairs reported in two series.33,34 One
child died after a fall down stairs in a walker after suffering a
CSI, skull fracture, and subdural hematoma.35,36

Similarly, a CSI did not occur in any child after falling from
bed (207 children),37 high chairs (103 children),38 or shopping
carts (62 children).39 One author reported 151 falls from heights,
none resulted in CSI.40 Another group reported a series of 101
children admitted to the hospital with a skull fracture. None of
these children had a concurrent CSI.41

One author published a series of eight children who sustained
CSI after short falls.42 All were symptomatic at the time of pres-
entation (although the time from injury to symptom onset is not
reported). In this series, a 4-year-old had a C

1
-C

2
subluxation

after falling out of bed. A 9-month-old fell while pulling herself
up and suffered a subluxation of C

1
-C

2
with an odontoid fracture.

A 3½-year-old fell while running and suffered a fracture of the
neural arch of C

2
with subluxation of the inferior articulating

facet. The other children had rotary subluxations after falling or
somersaulting.
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Vertebral bodies and discs Anterior and posterior longitudinal 
ligaments

Facets Interfacet capsular ligaments
Spinous processes Interspinous and supraspinous 

ligaments
Transverse processes Intertransverse ligaments
Adjacent lamina Ligamentum flavum

Table 1. Tethering Ligaments in the Cervical
Spine



A general summary of the above data is necessary to give the
clinician a sense of the type of impact that may cause a spine
injury. Collisions in which a child impacts an object with a clos-
ing speed faster than a child can run or more than twice the
child’s height are greater-risk impacts. This is especially true in
situations where the child may initiate contact with the skull, as
is common in sports injuries. While falls can result in CSI, the
injury-producing falls tend to be higher, or there are extenuating
circumstances. One such circumstance occurs when a child falls
down stairs with the extra weight of a walker attached. Unfortu-
nately, as demonstrated by one group,42 these guidelines are not
completely reliable, and CSI may result from minimal trauma.

Diagnostic Evaluation
After understanding the epidemiology of CSI and the perti-

nent anatomy, it is necessary to discuss the appropriate evalua-
tion of the potentially injured child. The evaluation of a child
with a potential neck injury involves a clinical and radiographic
evaluation.

Clinical Evaluation. When faced with a child who has sus-
tained a traumatic impact, the clinician must determine whether
the child is at risk for having sustained a CSI. The clinician must
make a decision regarding the need for immobilization of the
child and the need to pursue diagnostic radiographic evaluation
of the cervical spine. Recent work has narrowed the focus of
physical examination findings that are present in adults with
CSI.43,44 Two published series identify low-risk criteria that

include a normal physical examination of the neck and no history
from the patient of neck complaints. The Canadian group charac-
terized low-risk clinical criteria as being the victim of a low-
speed rear end crash, being ambulatory prior to transport, or sit-
ting in the department. The U.S. group included criteria requiring
a clear sensorium and absence of a distracting injury (as defined
by the treating physician). These clinical criteria did well in
excluding the likelihood of an unstable cervical spine fracture in
adults.

Unfortunately, there are no data in children to identify low-
risk patients who do not require cervical spine radiographic
evaluation. The Canadian study did not enroll children. The U.S.
study identified 30 children with CSI (none younger than 2
years old, and four children younger than 9 years), and thus,
lacks the power to support clinical guidelines. Therefore, while
these clinical criteria are very similar to published guidelines
and recommendations made after retrospective study of injured
children, there are no prospective data to validate these recom-
mendations.15,25,26,45

Emergency physicians continuously are faced with injured
children and must make decisions regarding immobilization,
imaging, and management, despite a paucity of clear criteria to
use to evaluate these patients. Therefore, careful clinical judgment
and evaluation are required. It is hoped that the emergency physi-
cian can refine clinical judgment by reviewing the aggregate of
clinical presentations of published series of children with CSIs.

In the 30 pediatric patients with CSI from the U.S. trial, all
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Table 2. Malformation Syndromes with Associated Cervical Spine Abnormalities 

SYNDROME SIGNS CERVICAL SPINE ABNORMALITIES

Klippel-Feil Short, webbed neck; low posterior hairline; sensorineural hearing loss Cervical fusion, cervical ribs

Turner Syndrome Female; short stature; webbed neck; low posterior hairline; small mandible; Cervical hypoplasia
epicanthal folds; high arched palate; broad chest, cardiac abnormalities

Goldenhar Syndrome Hyperplasia of malar, maxillary, and mandibular face; ear abnormalities; Cervical fusion, vertebral mal-
hearing loss; cleft lip or palate formations (including posterior

fusion); Chiari malformation

Crouzon Syndrome Premature craniosynostosis; hypoplasia of maxilla; hypertelorism; proptosis; Cervical fusion; foramen magnum
cleft lip and palate stenosis w/Chiari malformation

Apert’s Syndrome Asymmetric face; proptosis; syndactyly of hands and feet; hypoplastic Cervical fusion; progressive 
midface; beak nose; cleft palate calcifications; foramen 

magnum stenosis

VATER* Anal atresia; tracheo-esophageal fistula; radial side malformations; renal Cervical defects
defects

Larsen’s Prominent forehead; flat face; hypertelorism; multiple dislocations; cleft 
palate; kyphosis

Mucopolysaccharidosis Coarse features; corneal clouding and other ophthalmologic abnormalities; Joint laxity with cervical instability-
short stature; hirsutism; hydrocephalus; macroglossia (especially MPS type IV);

vertebral anomalies

Ehlers-Danlos Skin hyperelasticity; fragile skin and blood vessels Cervical ligament instability

Fetal Alcohol Syndrome Short palpebral fissures; epicanthal folds; maxillary hypoplasia; micro- Cervical fusion
gnathia; thin upper lip; cardiac defects; delayed cognitive development

* VATER = Vertebral defects, Anal atresia, Tracheo-esophageal fistula with Esophageal atresia, and Radial and renal anomalies.



were not low-risk by clinical criteria.8 Twenty-one of 25 (five
were unable to be evaluated for this criterion) patients had mid-
line neck tenderness. Eleven of 28 had a distracting injury. Only
eight of 27 had neurologic findings, while none had SCIWORA.

A retrospective review of 72 patients included information on
the neck examination of 61.22 Thirty had radiographically appar-
ent CSI (RACSI) and 30 had SCIWORA. Sixteen of the 31
(51%) with RASCI reported midline neck tenderness, while 24
of 30 (80%) of those with SCIWORA had midline neck tender-
ness documented.

One review of 50 children with CSI noted that all 30 of the
children awake at the time of ED arrival had neck pain or tender-
ness.12 Another author reported the retrospective review of 25
children with CSIs.23 She reported that the criteria of any history
of neck pain or vehicle crash with head injury identified all chil-
dren with CSI.

The retrospective review of children with low falls described
eight children who had CSI after a low fall.42 All eight patients
had neck symptoms at the time of diagnosis. Unfortunately, the
time of onset of these symptoms was not reported in the series.

Additionally, the data on SCIWORA reveal that any neuro-
logic symptoms can be markers of SCIWORA. The data from
one group report that all 32 patients in that series with SCIWO-
RA had symptoms upon initial presentation, although some were
isolated sensory deficits.22 The data by another author note a per-
centage of children with SCIWORA that had a normal examina-
tion on presentation yet had neurologic deterioration days
later.46,47

In summation, a review of all the significant published series
of children with CSI does not identify any criteria or criterion
that will assure that a child, especially a pre-verbal or pre-coop-
erative child, is at low risk of an unstable CSI. Because SCIWO-
RA exhibits a spectrum of presentations, the clinician must main-
tain diagnostic vigilance in any child with any neurologic symp-
toms. This is in contrast to the adult, in which one may consider
transient, painful, radicular symptoms to be markers of peripher-
al nerve injury due to neck loading (i.e., the football player with
a “stinger”).

While noting from the above information that neck tenderness
and possibly pain suggest a high-risk group, the converse is not
true. How shall the clinician identify a high-risk group deserving
radiographic evaluation among those without neck symptoms,
those without neurologic symptoms, or those who are pre-verbal
or pre-cooperative? The clinician must have a rough idea of the
type of impact necessary to cause CSI, especially in the infant
and toddler. Table 3 combines an arbitrary definition of high
impact with somewhat arbitrary clinical criteria to produce
guidelines for identifying children who may need radiographic
evaluation of the cervical spine. 

Radiographic Evaluation. Once the decision is made to
obtain radiographic imaging, what are the appropriate studies to
obtain? Authors vary on the routine studies for evaluation of the
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Figure 2. Severe Upper Cervical Spine Injury
(AO and C1-C2)

PRE-VERBAL OR PRE-COOPERATIVE CHILD AT RISK OF CSI

High Risk
• Fall in which the body weight lands on the head
• Head-on motor vehicle crash with child in a forward-facing seat
• Abnormal posture of the head and neck
• Anomaly of the face, head, or neck
• Any suspicion of non-accidental trauma
• Evidence of intracranial injury or significant facial trauma
• High speed, rear-end impact with an infant in a rear-facing seat
• Risky mechanism with distracting pain
• Neck tenderness
• Neurologic deficit
• Fall while in an infant walker

Low Risk
• Head-on motor vehicle crash with child in a rear-facing seat
• Short fall in which impact is evenly distributed between trunk 

and head
• Unwitnessed short fall with no scalp hematoma or soft-tissue 

injury
• Lateral impact motor vehicle crash with the child in appropriate

restraint and no evidence of intracranial injury or concussion

VERBAL AND COOPERATIVE CHILD AT RISK FOR CSI

• Neck tenderness
• Neurologic abnormality
• Distracting pain with adequate mechanism
• Altered mental status
• High-energy impact involving a child younger than 8 years

Table 3. Suggestions for Radiographic 
Evaluation 



cervical spine. Some authors recommend a lateral view that visu-
alizes the atlanto-occipital joint to the C

7
-T

1
joint, an antero-pos-

terior (AP) view, and an open-mouth odontoid in the cooperative
patient.12,48 Others advocate the three-view series for all
patients.10 A recently published survey of 432 pediatric radiolo-
gists notes that 40% of responders do not obtain the odontoid
view in children younger than 5 years of age.49 Another 25%
only make one attempt at obtaining that view. Older recommen-
dations suggested a five-view series for all patients, which
included oblique views in addition to the standard three views.50

New data are available that suggest that computed tomogra-
phy (CT) scanning of the cervical spine may be faster than
obtaining plain films, especially in the patient who is to have a
post-traumatic CT scan of another body region.51-53 However, the
role and accuracy of this technique have not been defined outside
the multiple trauma patient.

The use of flexion-extension (FE) radiographs in evaluating
alert trauma patients remains controversial. The FE views are
imaging techniques that are used to delineate the endpoints of the
patient’s active neck flexion and extension that would radi-
ographically identify any ligamentous injury. (See Figure 3.) The
concern with FE views is that the patient will injure his or her
spinal cord during performance of the test. Therefore, the utility
of and indications for FE views are not clear. Data by two
authors demonstrate that static radiography is adequate to diag-
nose CSI in 95% of patients.12,22 (See Figure 4.) Three retrospec-

tive series suggest that FE films do not identify injuries in
patients with normal static radiographic series.48,54,55 In patients
with subtle spine abnormalities, there was some diagnostic value
to performing FE radiographs. In the only study of injury caused
during FE studies, one patient of 129 had transient tingling in the
upper extremities during positioning that resolved spontaneously
after relaxation.48

When ordering FE radiographs in the trauma patient, it is
important to clarify whether the patient demonstrated adequate
neck motion (FE) during the study.56 In case of an inadequate
study, a patient should be immobilized pending repeat radio-
graphic evaluation in five days. Providing time for pain and
muscle spasm to resolve should allow for a repeat, adequate
radiographic study. However, it is unclear how often an FE
study is inadequate. Up to one-third of FE radiographs ordered
in adults acutely after trauma may be inadequate.57 These data
note that angular motion of approximately 40º is necessary
between C

2
and C

7
for an adequate study. There is no clear defi-

nition of adequate motion on pediatric FE films. Specifically,
the normal degree of tilting and relative motion between verte-
bral bodies changes throughout childhood. One author has
demonstrated that tilting angles during flexion decrease with
age at the C

2-3
and C

3-4
junctions.2 Extension tilting increases

with age at the C
4-5

and C
5-6

joints. These tilting changes are
changes of approximately 3-5º throughout childhood. Sliding
motion during flexion decreases with age at the C

2-3
, C

3-4
, and
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Figure 3. C6-C7 Ligamentous Injury Figure 4. C5 Fracture with Subluxation

A lateral cervical spine radiograph identifies a C5 fracture
with subluxation.



C
4-5

joints. This motion decreases from 18-25% down to 5-10%
of vertebral width. 

Acute FE magnetic resonance imaging (MRI) may have a role
in identifying pediatric operative candidates sustaining ligamen-
tous injury.58

Specific Injuries that Occur in Children
Occipitoatlantal Dislocation. The outcome of children with

occipitoatlantal dislocation is uniformly poor.12 This injury usual-
ly results from a high-energy impact, as seen in motor vehicle
crashes. Examination of the cervical spine radiographs must
include assurance of an appropriate relationship between the
occiput and the atlas. The distance between the basion and the
dens should not exceed 10 mm in children and 5 mm in adults.59

It is not uncommon for normal patients to exceed these criteria.60

The Powers ratio can be calculated. The ratio of the distance from
the basion to the anterior edge of the posterior arch of the atlas
divided by the distance from the opisthion to the posterior portion
of the anterior arch of the atlas should be less than 0.9. A ratio
greater than 1.0 is abnormal. The Wackenheim clivis line is anoth-
er technique to inspect for integrity of the atlanto-occipital joint.
In this test, a line drawn along the posterior clivus should intersect
or be tangential to the odontoid.61-63 (See Figures 5 and 6.)

Atlas Fractures. Burst fractures of the C
1

ring can occur in
children, just as in adults. The fracture may occur through the
synchondroses, which may remain unfused until age 7.64 CT scan
may assist in securing the diagnosis.

Atlantoaxial Injuries. Authors differ over the relative fre-
quency of transverse ligament injuries compared to dens frac-
tures. Although fractures through the base of the dens do occur at
the synchondrosis, transverse ligament tears also are commonly

seen. An atlantodens interval of 5 mm may suggest injury to the
transverse ligament. 

Surprisingly, children with dens fractures frequently are neu-
rologically intact upon presentation. One series quotes seven of
15 children without weakness on presentation. Four of 15 had
thoracic level symptoms, and three had low cervical symptoms
(C

6
and C

7
).65 Thirteen of the 15 had anterior displacement rang-

ing from 10-100% (mean 40%). One patient had a fracture, C
2

tetraplegia, and no displacement of the dens. Two patients with
20% displacement had a delay in diagnosis of four and six
months. Tomograms may show widening of the growth plate not
evident on plain radiographs.7 CT scans require coronal and
sagittal plane reconstruction because axial scanning may miss
fractures.66,67 As the growth plates close, it is important not to
confuse the epiphyseal scar at the base of the dens with an acute
fracture.

Os Odontoideum. Os odontoideum refers to an oval or round
ossicle of variable size with a smooth cortical border located in
the position of the odontoid process. Authors differ, but suspect
that this is an acquired lesion after an undiagnosed odontoid frac-
ture. These lesions commonly are unstable.68,69

Hangman’s Fracture. Hangman’s fracture, or C
2

pedicle
fractures, can occur in children with a hyperextension injury, just
as with adults. (See Figure 7.) The diagnosis of a hangman’s
fracture may be confused with physiologic subluxation of C

2
on

C
3
. Evaluating the alignment of the posterior laminar line can

assist with clarifying the diagnosis. 
Atlantoaxial Rotary Subluxation. Atlantoaxial rotary sub-

luxation may occur spontaneously (Grisel’s syndrome) or after
minor trauma. The classic clinical presentation is torticollis in the
“cock-robin” position, with the head rotated to one side and tilted
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Figure 5. Calculating Powers Ratio 

Powers ratio is determined by the ratio of distance from the
basion to posterior arch of C1 to the distance from the opisthion
to the anterior arch of C1.

Basion
Opisthion

Figure 6. An AO Injury Diagnosed by Powers
Ratio

Powers ratio is determined by the ratio of distance from the basion
to posterior arch of C1 to the distance from the opisthion to the
anterior arch of C1.



to the other, like a bird listening for a worm.70 This usually stable
injury is truly a pediatric injury, as up to 80% of these injuries
occur in children younger than 13 years of age.71,72 This type of
rotary subluxation occurs most frequently at the C

1
-C

2
joint,

where most of the rotation of the neck occurs. The facets are flat-
ter at this joint than at any other joint.

The diagnosis of rotary subluxation is difficult to secure with
plain films alone. The abnormalities seen can be present in
patients with torticollis not due to subluxation and in volunteers
holding their head in the “cock-robin” position.7,73,74 CT scan-
ning, with 3D reconstruction, often is necessary to make the
diagnosis.

Normal Radiographic Variants Simulating Injury
There are several common variations in the pediatric cervical

spine radiograph that may simulate injury. This section will
describe the pattern of variation and describe how to distinguish
it from pathology.

Pseudosubluxation. Anterior displacement of C
2

on C
3

of up
to 4 mm is common in children younger than 7 years, but fre-
quently can be noted in children up to 16 years of age. A line
drawn from the anterior cortex of the spinous process of C

1
to C

3

should come within 1.5 mm of the anterior spinous process of
C

2
. This misalignment may improve with FE views, but certainly

isn’t exaggerated by FE study. Pseudosubluxation also can occur
at the level of C

3
-C

4
.

Apparent Anterior Vertebral Wedging. Anterior wedging of
the vertebral body may be seen on pediatric radiographs. This
wedging represents non-uniform calcification of the vertebral

body, not an asymmetric shape. Wedging is most common at C
3

and may account for up to 3 mm difference between the anterior
and posterior height of the vertebral body. The vertebral bodies
should assume an adult shape by age 8. This variant can be noted
in Figure 8 at C

3
and C

4
.

Overriding Anterior Arch of C
1
. Up to two-thirds of the

anterior arch of C
1

may override the tip of the dens. This occurs
in up to 20% of children younger than 7 years.75

Increased Predental Space. The predental space in children
can be up to 5 mm. Ligamentous laxity (of the transverse and
anterior atlanto-axial ligaments) may allow for an increased gap
compared to the adult measurement of 3 mm.

Apical Odontoid Epiphysis. The odontoid tip has an epiph-
ysis that usually is present at age 7, but may persist through age
16.75,76

Persistent Synchondrosis of the Dens. The growth plate at
the base of the dens persists beyond age 7. This linear scarring
may be confused with a fracture. This line is typically linear,
occurs in a predictable location, and may have associated sclero-
sis. A fracture more commonly presents in an unpredictable loca-
tion without sclerosis and with irregular edges.

Non-uniform  Angulation During Flexion. There may be
non-uniform angulation between adjacent vertebral bodies dur-
ing flexion. This may appear as marked flexion at a single joint.
Although this can be a normal variant, it is difficult to distinguish
from acute trauma in the correct clinical setting.75

Asymmetric Odontoid. The odontoid may be centered asym-
metrically between the lateral masses of C

1
. Ligamentous laxity

may cause this variant. While this can be a normal variant, it may
be difficult to distinguish from an acute fracture in the correct
clinical setting.77
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Figure 7. Hangman’s Fracture Figure 8. Apparent Anterior Vertebral 
Wedging



Delayed Calcification of Anterior Arch of Axis. The anteri-
or arch of C

1
frequently is not visible on plain film radiographs

until 6 months of age. Before this, the axis is calcified insuffi-
ciently to be visible radiographically.

Treatment and Disposition
When treating patients with CSIs, emergency medicine physi-

cians must remain focused on three goals. First, the emergency
medicine physician must identify all significant injuries, including
the CSI. The emergency physician, as the initial physician con-
tact, must keep the complete patient clinical picture in mind to
allow subspecialists to concentrate on specific injuries. Second,
the emergency medicine physician must take steps to prevent
worsening of any neurologic function associated with the spinal
cord injury. Basic fundamentals must be addressed to complete
this goal. Spinal immobilization of unstable injuries is imperative.
Care must be taken during intubation to prevent further cord
injury. Identification and treatment of shock is important to main-
tain adequate perfusion to the injured spinal cord. Finally, the
emergency physician must expedite therapy for any CSI and asso-
ciated spinal cord injury. Adult data suggest that urgent release of
spinal cord compression may improve outcome. Urgent MRI may
be necessary to identify cord compression. Intravenous steroids
may be indicated for treatment of a spinal cord injury.

Steroids in Children. The use of steroids has been advocated
for the treatment of patients with acute spinal cord injuries.78,79

The indication for treatment in the quoted NASCIS trials was
“having a spinal cord injury” as defined by study physicians.
Approximately 8% of patients had normal neurologic function
on enrollment in NASCIS 3.79 No patient younger than age 14
was enrolled in this series. Patients with gunshot wounds were
excluded, but patients with other forms of penetrating trauma
were not excluded from study. Outcomes were not reported
according to the type of cord injury sustained.

While steroid dosing in adults with acute spinal cord injuries
may or may not provide benefit, the benefit and indications of
this therapy in young children has not been proven. Centers
should establish a consensus for the treatment of children after
spinal trauma. Communication between emergency physicians
and accepting subspecialists should be done so that all mem-
bers of the treatment team will have a common understanding
when a patient arrives in the ED. Controversy may arise about
the treatment of a child with sensory deficits of an isolated cer-
vical level or the treatment of a very young child with an appar-
ently normal neurological examination with an abnormal cervi-
cal spine radiograph.

Conclusion
Evaluation of the pediatric patient with a potential CSI is a

complicated process. The emergency physician must exercise
thoughtful clinical judgment in evaluating a pre-cooperative
patient at a low risk of a potentially catastrophic injury. A com-
plete understanding of the pertinent anatomy, radiographic fea-
tures, and biomechanical tolerance of the pediatric spine is nec-
essary to provide this care.
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CE/CME Questions

1. At what age is ossification of the dens usually complete in a pediatric

patient?

A. 1 year

B. 3 years

C. 4 years

D. 5 years 

E. 6-8 years 

2. Which of the following increases a child’s risk for abnormal cervical

spine development?

A. Neuromuscular diseases

B. Cerebral palsy

C. Apert’s syndrome

D. Muscular dystrophy

E. Rett’s syndrome

3. A 4-year-old child presents after falling off a horse and landing on his

head. The child has midline cervical pain with a normal neurologic

examination. What would be your radiographic recommendation?

A. No radiographs are necessary

B. Flexion extension views only

C. MRI of the spine

D. Lateral cervical spine radiograph

4. Significant CSI does not occur as an isolated injury.

A. True

B. False

5. Which of the following is true regarding occipitoatlantal dislocations?

A. Outcome usually is  poor.

B. The injury usually results from a high-energy impact.

C. The Powers ratio is useful for assessing the existence of this type

of injury.

D. The Wackenheim clivus line also may be used to diagnose this

injury.

E. All of the above

6. An atlantodens interval of 5 mm may suggest injury to the transverse

ligament.

A. True

B. False

7. Which of the following is not true regarding flexion extension films in

pediatric patients?

A. There is no clear definition of adequate motion of pediatric flex-

ion extension films.

B. Up to one-third of adult flexion extension films may be inade-

quate.

C. In adults, approximately 40 degrees of motion between C
6

and

C
7

is necessary for an adequate film.

D. Flexion extension films may result in spinal cord injury.

E. The normal degree of tilting and relative motion between verte-

bral bodies changes through childhood.

8. A Powers ratio of greater than 1.0 is abnormal.

A. True

B. False 

9. Which of the following is true regarding Os odontoideum?

A. It usually is a rectangular-shaped, irregularly margined bone

fragment.
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B. It usually is located in the position of the odontoid process.

C. It is a congenital lesion.

D. These lesions commonly are stable. 

10. Which of the following is not true regarding atlantoaxial rotary 

subluxation?

A. It usually is associated with major trauma.

B. Patients classically present with torticollus.

C. Up to 80% of these injuries occur in children younger than 13

years of age.

D. The injury most frequently occurs at the C
1
-C

2
joint.

E. The diagnosis may be difficult to make with plain radiographs.

Answer key:
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d.) Understand both likely and rare complications that may

occur.
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ED Legal Letter helps you 
minimize needless litigation.

I
n this month’s issue, we consider the effect that a patient’s failure to return

as directed for follow-up care may have on that patient’s subsequent mal-

practice lawsuit against the original treating physician. Most physicians

probably correctly recognize that responsibility for a patient’s medical out-

come is not an entirely one-way street. That is, the responsibility for the result

is not exclusively the physician’s. Rather, the patient shares the responsibility

for his or her care. This patient responsibility includes, for example, responsi-

bility to provide an honest and complete history, to cooperate during examina-

tion, to be compliant with the physician’s treatment plan, and to follow the

physician’s instructions, including when to return for follow-up.

Many physicians have also probably heard the term “contributory negli-

gence” and might understand that it refers to a defense that the physician may

assert in answer to a claim of malpractice. In essence, contributory negligence

is an assertion that the bad outcome was not the defendant physician’s fault;

rather, it was actually caused by the negligence of the patient. For example:

“If she had taken the medication as directed, everything would have been

fine”; or “If he had returned for a recheck in two days as I instructed him, we

would have detected the complication at an early stage, and we would have

been able to treat it such that everything would have been fine.”

Most states no longer follow the unduly harsh doctrine of contributory negli-

gence that serves to deny a plaintiff any recovery if the patient has been at all

negligent, however minor that negligence might have been. The doctrine of con-

tributory negligence has now largely been replaced by the comparative negli-

gence rule, whereby damages are prorated among all parties whose negligence

collectively resulted in the injury. For example, if a defendant was 10% responsi-

ble for plaintiff’s injury, that defendant will be held responsible for 10% of the

total damages. 

Another legal doctrine, avoidable consequences, is theoretically quite different
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