
ARTICIPATION in contact and collision sports involves
an inherent risk of injury to the athlete, with injuries
to the nervous system bearing the most potential for

significant morbidity and death. In fact, head and neck
injuries account for up to 70% of deaths from trauma and
20% of cases of permanent disability in athletes,52,82 and
have been described in virtually every sport. This associa-
tion often necessitates involvement of the neurosurgical
community in the field of sports medicine. 

Differentiation between minor and serious damage is
the foundation of sideline/ringside management of the
injury. A seemingly minor blow to the head can result in a
slowly developing SDH, whereas, paradoxically, a more
severe impact can cause LOC but only a “minor” concus-
sion. This article can be used as a guide to the sideline or
ringside identification and management of head and spinal
injuries.

Head Injuries

It is estimated that 750,000 Americans per year suffer
injuries while engaging in unorganized recreational activ-
ities, with 82,000 (10.9%) sustaining some form of head
injury. The frequency of concussions related to organized
sports has been estimated to be up to 300,000 annually in
the US alone.19 Severe sports-related head injuries include
EDH, SDH, brain contusion and parenchymal hemor-
rhage, DAI, traumatic SAH, and cerebral edema. Mild
TBI is a more common injury that poses difficulty with its
management, particularly when consideration of the ath-
lete’s return to competition is necessary.

American football, ice hockey, and boxing are usually
referenced when discussing sports-related head injury be-
cause of the frequent and obvious violent contact. Nev-
ertheless, head injuries are often observed in sporting ac-
tivities that are considered less violent. The US Consumer
Product Safety Commission reported in 1990 that four of
the top five sports that cause head injury requiring hospi-
talization are not the traditional “collision” games. These
four were basketball, bicycling, baseball, and playground
activities (football was the only collision sport to break the
top five).27 Although sports such as gymnastics and cheer-
leading have traditionally been responsible for the highest
number of head injuries in the female athlete,49 women are
now participating in previously male-dominated sports
such as boxing, and an increasing number of serious head
injuries are being incurred by women in contact and colli-
sion sports.50

During the last century, our level of understanding of the
types of cerebral insults, their causes, and their treatment
advanced significantly. Recent research has better defined
the epidemiological issues related to sports injuries involv-
ing the central nervous system, and has also led to classi-
fication and management paradigms that help guide deci-
sions regarding athletes’ return to play. 

Epidural Hematoma

A common TBI in the athletic population, EDHs are
found especially in sports in which the players do not wear
helmets. These injuries have been described in baseball
players and golfers struck on the head by a ball traveling
at a high velocity.31,39,55,57 Although the “lucid interval”
associated with this injury only occurs in one third of ath-
letes, an understanding of this clinical picture is crucial for
all caregivers, especially athletic trainers, coaches, and
team physicians.12 A typical example of this situation
would be a pole vaulter who strikes his or her head on the
ground outside the landing pit. After being stunned for a
brief period, the athlete may walk off the field fully alert.
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Within 15 to 30 minutes they experience a sudden, excru-
ciating headache accompanied by progressive neurologi-
cal deterioration. This eventuality requires that an adequate
observation period be planned for athletes who display
potential for delayed hematoma formation and neurological
deterioration. Early recognition and management are es-
sential, and if treated early, complete neurological recovery
can be expected, because EDHs are not usually associated
with other brain injuries.

Subdural Hematoma

The most common form of sports-related intracranial
bleeding, SDHs account for the majority of lethal brain
injuries.4,16 It is important to understand that SDHs in ath-
letes are not the same as those usually seen in the elderly
population; the athlete usually does not have the large
potential subdural space that an elderly patient possesses,
so mass effect and increases in ICP occur more rapidly. In
addition to injury from the mass effect of blood under the
dura mater, there is often significant associated damage to
the underlying brain (contusion or edema). Therefore, even
with prompt treatment, the prognosis is less favorable than
for an EDH, with mortality rates as high as 60%. An SDH
can occur at any location in the brain, and presentation is
usually within 72 hours of injury. Athletes who suffer an
SDH may immediately become unconscious and/or expe-
rience focal neurological deficits, or the symptomatology
may develop insidiously over days or even weeks.

Brain Contusion and Parenchymal Hemorrhage

Brain contusions and parenchymal hemorrhages repre-
sent regions of primary neuronal and vascular injury. They
contain edematous, punctate parenchymal hemorrhages
that may extend into the white matter and the subdural and
subarachnoid spaces and are usually the result of either
direct trauma or an acceleration/deceleration injury. The
latter causes the brain to strike the skull, most often result-
ing in damage to the inferior frontal and temporal lobes.
The areas of the brain adjacent to the floor of the anterior
or posterior cranial fossa, the sphenoid wing, the petrous
ridge, the convexity of the skull, and the falx or tentorium
are also vulnerable. Contusions can also be observed in
the lateral midbrain, inferior cerebellum and adjacent ton-
sil, and in the midline superior cerebral cortex.

Importantly, these types of injuries often demonstrate
progression over time with respect to the size and number
of contusions and the amount of hemorrhage within them.
This progression usually occurs during the first 24 to 48
hours, with one fourth of cases demonstrating delayed hem-
orrhage in areas that were previously free of blood. Ad-
ditionally, initial CT findings can be normal or minimally
abnormal because the partial volumes between the dense
microhemorrhages and the hypodense associated edema
can render contusions isoattenuating relative to the sur-
rounding brain.

Diffuse Axonal Injury

Diffuse axonal injury plays a significant role in sports-
related head injury. It occurs in nearly half of athletes who
have suffered a severe head injury and is partially respon-

sible for one third of all head injury–related fatalities.29

Radiographically, DAI typically consists of several focal
white matter lesions in a characteristic distribution.

The pathophysiological features of DAI were first de-
scribed in 1943. It is the result of the shearing of multiple
axons secondary to rotational forces on the brain, usually
from lateral rotation of the head. These forces exert more
effect on areas of the brain in which tissue density is great-
est, such as at the gray–white junction. A DAI was classi-
cally believed to represent a primary injury (one occurring
at the instant of the trauma). However, it is apparent that
the axoplasmic membrane alteration, transport impair-
ment, and retraction ball formation may represent secon-
dary (or delayed) components of the disease process. Al-
though the initial trauma may not completely tear the
axon, it can still produce focal alteration of the membrane,
resulting in subsequent impairment of axoplasmic trans-
port. This results in axoplasmic swelling and rupture. A
retraction ball forms, which is a pathological hallmark of
shearing injury, followed by wallerian degeneration.

Although areas of the brain with different tissue densities
have a predilection for DAI, the exact location depends on
the plane of rotation and is independent of the distance
from the center of rotation. The magnitude of injury de-
pends on the distance from the center of rotation, the arc of
rotation, and the duration and intensity of the force. 

Traumatic SAH

Sports-related head trauma can result in SAH. Some
degree of SAH is usually present in any serious head in-
jury. Although this usually results in meningeal irritation
from blood between the pia mater and the arachnoid layer,
the condition is usually not life threatening and immediate
treatment is not required for a good outcome.58 In large
amounts, subarachnoid blood may lead to vasospasm.
Also, SAH may result in the development of a communi-
cating hydrocephalus, which can present clinically with a
slower than expected recovery or late clinical deteriora-
tion. 

Second-Impact Syndrome

In 1984, the death of a college football player was re-
ported that was thought to have resulted from a seeming-
ly minor blow to the head following a more severe blow
that had occurred days earlier. At the time it was hypo-
thesized that this fatality was the result of “a repeat blow
to an already compliance-compromised brain which pre-
cipitated a catastrophic increase in intracranial pressure,
perhaps through a loss of vasomotor tone.”63 The term
“vascular congestion syndrome” was coined in 1991 fol-
lowing the death of a 17-year-old high school football
player due to an uncontrollable increase in ICP.36 Both of
these deaths are thought to have been the result of what is
now known as “second-impact syndrome.” This syn-
drome is defined as a fatal, uncontrollable increase in ICP
caused by diffuse brain swelling that occurs after a blow
to the head is sustained, before recovery from a previous
blow to the head.37 Significant controversy exists about
the validity of this condition, due to problems with docu-
mentation of the initial event, persistent symptoms, and
severity of the second impact.47
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The pathophysiological mechanism of second-impact
syndrome is thought to involve a loss of autoregulation of
the brain’s blood supply, edema, and uncontrolled intra-
cranial hypertension. This loss of autoregulation leads to
vascular engorgement within the cranium, which in turn
markedly increases ICP and leads to a syndrome of uncal
herniation, cerebellar herniation, or both. Research in ani-
mals has shown that vascular engorgement in the brain
after a mild head injury may be difficult if not impossible
to control in this “double impact” setting. The usual time
from second impact to uncontrollable edema is rapid (2–5
minutes).4 There have been more than 20 reported cases of
this condition,15 which is most often seen in boxing, foot-
ball, and ice hockey, and in most cases involves adoles-
cent males or young adults. 

Typically, the athlete experiences some degree of post-
concussion symptoms after the first head injury. These
may include visual, motor, or sensory changes and diffi-
culty with cognitive and memory processes. Before these
symptoms resolve, which may take days or weeks, the
athlete returns to competition and receives a second blow
to the head. The second impact may be minor, perhaps
only involving a blow to the chest that jerks the athlete’s
head and indirectly imparts accelerative forces to the
brain. Affected athletes may seem stunned but usually do
not lose consciousness and often complete the play. They
usually remain on their feet for 15 seconds to 1 minute or
so, but seem dazed, similar to a Grade I concussion with-
out LOC. Often, affected athletes remain on the playing
field or walk off under their own power. Within seconds to
minutes of the second impact, the athlete who is conscious
yet stunned suddenly collapses to the ground and becomes
comatose, with rapidly dilating pupils, loss of eye move-
ment, and evidence of respiratory failure.

This phenomenon is associated with a 50% mortality
and nearly a 100% morbidity rate.4 It is important to
understand this condition when making return-to-play
decisions about an athlete who has suffered a head injury.
Any athlete who is still symptomatic from a previous head
injury should not be allowed to return to full practice or
participation in a contact or collision sport. 

Concussion and Mild TBI

Concussions are by far the most common type of sports-
related head injury; they account for approximately three
fourths of all head injuries in this population. The recog-
nition in the early 1980s that mild TBI exists as an impor-
tant clinical entity began to pave the way for an increased
appreciation of concussion in sports. In the 1990s, there
was an increased focus on defining and categorizing mild
TBI in athletes. There was more evidence to suggest that
concussion may be more common and serious than previ-
ously believed,33,37,46,59 and that the long-term sequelae of
repetitive head trauma may be far from benign. In contrast
to the attitudes in earlier times, when sustaining a concus-
sion was considered an acceptable occurrence for a con-
tact athlete, new evidence provided proof that cerebral
dysfunction often persists.8,10,42,46 The concept of mild TBI
or concussion has evolved in recent years, aided in great
part by the application of formal neuropsychological and
cognitive studies and by studies of patients involved in
vehicular accidents and other significant trauma.

There are many characteristics of the population with
sports-related mild TBI and nuances in their condition that
make diagnosis and treatment difficult. One such difficul-
ty is that athletes are the only group of patients who rou-
tinely and often fervently ask to be returned to play, thus
invariably subjecting themselves to multiple future in-
stances of head impact.4 Many of these impacts will result
in at least subclinical head injury. Although a single
episode of mild TBI seems to be well tolerated overall in
the majority of athletes, long-term deficiencies in mental
status have been thought to be associated with two or
more episodes of concussion.23,30 Advances in the fields of
diagnostic neuroradiology, neurobiology, neuropsycholo-
gy, and sports medicine now provide the neurosurgeon
with more accurate and objective methods with which to
analyze this population of patients. 

There has been no universal agreement on the definition
and grading of concussion, and attempts at classification
have tended to focus on the presence or absence of a peri-
od of LOC and amnesia. However, concussion may pre-
sent with any combination of the following signs and
symptoms: a feeling of being stunned or seeing bright
lights, a very brief LOC (lasting for seconds), lightheaded-
ness, vertigo, loss of balance, headaches, cognitive and
memory dysfunction, tinnitus, blurred vision, difficulty
concentrating, lethargy, fatigue, personality changes, in-
ability to perform daily activities, sleep disturbance, and
motor or sensory symptoms. Numerous classification sys-
tems exist for grading the severity of concussion. Al-
though there is little evidence-based support for any of the
systems, because most have been developed based on
clinical experience, three are in widespread use. These are
the Cantu,14 Colorado Medical Society,26 and American
Society of Neurology3 systems, which also provide asso-
ciated return-to-play guidelines.

On-Field Management

Athletes who suffer catastrophic injuries to the head or
spinal cord are usually easy to identify, as are those in
whom an immediate neurological deficit develops. More
challenging is the diagnosis of an injury with minimal ini-
tial symptomatology. The Inter-Association Task Force
for Appropriate Care of the Spine-Injured Athlete was
formed in 1998 and subsequently developed guidelines for
the management of catastrophic injuries in athletes.2 There
are five categories of on-field management: 1) preparation
for any neurological injury; 2) suspicion and recognition;
3) stabilization and safety; 4) immediate treatment and
possible secondary treatment; and 5) evaluation for return
to play. 

It is mandatory that a backboard, cervical collar, and car-
diopulmonary resuscitation equipment are on site and eas-
ily accessible during an athletic contest. Specific equip-
ment for protective gear removal (for example, football
face mask) should also be readily available. If a head or
neck injury is suspected, an athlete should immediately be
assessed for level of consciousness while still on the field.
After the initial evaluation, as in any patient with head
trauma, an athlete with a head injury should be assumed to
have suffered an associated cervical injury, and spinal sta-
bilization is essential to limit any further damage. If an
athlete is wearing protective gear that includes a face mask,
it should be removed. 
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The helmet itself or shoulder pads do not usually re-
quire removal on the field,84 although several situations
have been identified that would require removal of the
helmet and chin strap. These include the following: 1) the
player has a loose-fitting helmet that does not hold the
head securely, so that if the helmet is immobilized the
head will still be mobile; 2) the airway cannot be con-
trolled or ventilation provided even after removal of the
face mask; 3) the face mask cannot be removed after a rea-
sonable period of time; and 4) the helmet prevents immo-
bilization for transportation of the player in an appropriate
position.3 If necessary, helmet removal should be per-
formed with concomitant occipital support or simultane-
ous removal of the shoulder pads. If left in place follow-
ing helmet removal, the shoulder pads may cause cervical
hyperextension. Obviously, if the helmet is removed, cer-
vical immobilization must be maintained during the pro-
cedure. 

In a neurologically intact athlete who has a normal men-
tal status and in whom cervical spine involvement has
been excluded, the player may be assisted to a sitting posi-
tion and, if stable in this position, to a standing position. If
able to stand, the athlete can then be walked off the field
for further evaluation. Unconscious athletes need to be
stabilized before any neurological appraisal is conducted.
Initial evaluation should begin with assessment of the air-
way, breathing, and circulation (the basic cardiopulmon-
ary life support system). Cardiopulmonary support can
most often be accomplished by face-mask removal for air-
way access. The front of the shoulder pads can also be op-
ened to allow compression and/or defibrillation.3 When
sudden unconsciousness occurs without preceding cran-
iospinal trauma, a cardiac origin should be considered. An
athlete with prolonged alteration of consciousness, wors-
ening symptoms, or focal neurological deficit should be
immediately transferred to a facility offering neurosurgi-
cal capabilities. Transport should be performed based on
the assumption of a concomitant SCI, and spinal stabiliza-
tion is mandatory.

Ringside Management

The role of the physician involved in the ringside man-
agement of injuries incurred by athletes competing in box-
ing or mixed martial arts competitions is to monitor par-
ticipants for signs and symptoms of serious injury and
provide immediate injury assessment as well as to give
emergency care and supervise the rapid and orderly trans-
fer to a hospital, if necessary. The practitioner will fre-
quently be called on to evaluate the participants following
concussion or brief LOC caused by a blow to the head.
During this evaluation, he or she must consider the unique
nature of these matches, and in most cases cannot pull the
athlete from competition for observation at the first sign of
insult to the neurological system without terminating the
match. 

The US Amateur Boxing Association, which has one of
the safest records for its athletes, suggests that the physi-
cian enter the ring when requested by the referee to eval-
uate and aid the athlete who has been dropped or is sus-
pected of suffering a serious injury, or following a standing
eight count. The physician may, at his or her own discre-
tion, indicate between rounds to the referee that he or she

wants to examine a boxer. The referee will then signal
“stop” at the beginning of the next round and escort the
boxer to ringside for the physician’s evaluation. This is
preferred to the physician attempting to examine the ath-
lete between rounds during the limited time the boxer has
to rest and be given instructions from his or her corner.
The ringside physician can suspend the bout at any time
by mounting the ring apron or by asking the timekeeper to
ring the bell.83 This should be done if the physician thinks
that a participant is in any danger of serious physical
injury, and this decision should take precedence over all
other considerations. 

During the match, the ringside physician monitors the
participants for signs of excess fatigue or injury, and the
athlete’s ability to defend him- or herself is constantly as-
sessed. When athletes are leaning on the ropes or cage,
rapid determinations must be made as to whether the
boxer is using them to maneuver or whether these struc-
tures are holding him or her upright. 

As with any fallen athlete, when a ringside physician en-
ters the ring to assess a boxer with altered mental status, it
must first be ascertained whether the athlete has an ade-
quate airway and pulse. The mouthpiece, if in place, should
be removed and emesis and/or signs of aspiration should be
guarded against. Next the physician should establish the
athlete’s level of consciousness and look for spontaneous
movement of the extremities and for signs of seizure.40

Evaluation of pupillary responses, although of low yield
during the 1st minute of unconsciousness, may provide
early signs of the presence of increases in ICP. If the boxer
remains unconscious for more than 1 to 2 minutes, he or
she should be expeditiously transferred by stretcher to an
ambulance and then to a prearranged referral hospital.

The athlete should remain lying down until fully reac-
tive. If an athlete is responding to simple commands with-
in 1 to 2 minutes and is moving all extremities voluntari-
ly, more time may be taken to assess him or her for re-
covery before transport needs are determined. If the ath-
lete’s recovery is slowed beyond 2 minutes or is regres-
sive, the individual should be transported to a designated
hospital.40 Gentle restraint is used for a confused athlete
who tries to get immediately to his or her feet. Once reac-
tive, the boxer can be permitted to sit, then stand up, then
walk to his or her corner. A detailed neurological examina-
tion is then performed to establish a baseline for future ref-
erence, and the athlete is further observed. Facilities
should be available for continued close observation under
the direct supervision of the ringside physician. If recov-
ery progresses satisfactorily, with no evidence to suggest
a progressive intracranial injury process, the boxer can be
released to the care and further observation of his or her
coach, family, or other responsible adults. The athlete
and/or guardian should be given information about head
injury.83 If no responsible party is available, serious con-
sideration should be given to admission to a designated
hospital for 12 to 24 hours of observation. Likewise, an
athlete who suffers amnesia, confusion, nausea, headache,
dizziness, or speech or gait disturbances should be trans-
ferred to a designated hospital for evaluation.

Neuroimaging Guidelines

Specific guidelines on when to perform brain imaging
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in a head-injured athlete do not exist. Because of this, the
physician needs to individualize when to perform imaging
on a patient-by-patient basis. Patients who exhibit focal
neurological deficits, persistent alterations in mental sta-
tus, Glasgow Coma Scale scores of 13 or less, and the pos-
sibility of a skull fracture are common examples of cases
in which an athlete would require at least a CT scan.66 In
cases that are not as clear-cut, the duration of LOC or
amnesia have been used to aid in this decision.58 If there is
any doubt, CT scanning is a rapid and efficacious diag-
nostic modality.

Spine Injuries

Although a spectrum of soft-tissue, bone, and nervous
system injuries can occur to the spine of an athlete, and
often result in significant disability and time lost from
competition, SCI is perhaps the most feared consequence
of athletic activities, and no other sports injury is poten-
tially more catastrophic. Each year approximately 10,000
cases of SCI are reported in the US, and sporting events
are the fourth most frequent cause of these injuries.5

Sports-related SCIs also occur at a younger mean age (24
years) and are the second most frequent cause of SCI in
the first three decades of life.25,53 Several organized sports
have been identified as placing the participant at high risk
for SCI. These include football, ice hockey, rugby, skiing,
snowboarding, and equestrian sports.41,60,64,67

A structural distortion of the cervical spinal column as-
sociated with actual or potential damage to the spinal cord
is classified as a catastrophic cervical spine injury. Be-
cause this condition is fortunately rare, few physicians
have extensive experience in the emergency care of these
injuries. Improper handling of the patient on the field or
during transport can worsen or precipitate spinal cord dys-
function. Failure to manage a catastrophic neck injury
appropriately can result in compromise of the athlete’s car-
diac, respiratory, and neurological status. Improved under-
standing of these injuries can facilitate early diagnosis and
effective on-field management. 

Mechanisms of Spine Injuries

Cervical spine injury can be divided into several cate-
gories, including unstable fractures and dislocations, tran-
sient quadriplegia, and acute central disc herniation,6 which
produce neurological symptoms and signs that involve the
extremities in a bilateral distribution. Sports-related cervi-
cal spine injuries have been divided into three groups,
which provide useful information when making return-to-
play decisions.5,45,85 Type 1 injuries are those in which the
athlete sustains a permanent SCI. This includes both imme-
diate, complete paralysis and incomplete SCI syndromes.
The incomplete injuries are basically of four types: Brown–
Séquard syndrome, anterior spinal syndrome, central cord
syndrome, and mixed types. Mixed types include the find-
ing of crossed motor and sensory deficits, with upper
extremities more prominently involved, which is consid-
ered to be a central cord/Brown–Séquard variant. In addi-
tion, there are a few individuals in whom the neurological
deficit may be relatively minor but is associated with
demonstrable spinal cord damage on imaging studies. For
example, a high-intensity lesion within the spinal cord seen
on MR imaging documents a spinal cord contusion. 

Type 2 injuries occur in individuals with normal results
on radiographic studies. These deficits resolve completely
within minutes to hours, and eventually the athlete has
normal results on neurological examination. An example
of a Type 2 injury is the “burning hands syndrome,” a var-
iant of central cord syndrome characterized by burning
dysesthesia of the hands and associated weakness in the
hands and arm.44 Most of these patients have normal re-
sults on radiographic studies, and their symptoms com-
pletely resolve within approximately 24 hours. Type 3
injuries comprise players with radiographic abnormalities
but without neurological deficits. This category includes
fractures, fractures with dislocations, ligamentous and soft-
tissue injuries, and herniated intervertebral discs.

Spinal cord injury can also be divided into the upper
(occiput, atlas, and axis) and lower (C3–T1) cervical
spine. A thorough understanding of the normal anatomy
and unique motion of the spine at various segments is
mandatory when treating these injuries. 

Unstable fracture and/or dislocation is the most fre-
quent cause of catastrophic cervical spine trauma. The
most common primary injury vector is axial loading with
flexion in football and hockey.68,80 Eighty percent of
injuries to the cervical spine result from the accelerating
head and body striking a stationary object or another play-
er.9,24 The cervical spine is compressed between the in-
stantly decelerated head and the mass of the continuing
body when an axial force is applied to the vertex of the
helmet. In neutral alignment, the cervical spinal column is
slightly extended as a result of its normal lordotic posture,
and it is believed that compressive forces can be effec-
tively dissipated by the paravertebral musculature and
vertebral ligaments. This buffering cervical lordosis is
eliminated when the cervical spinal column is straight-
ened and large amounts of energy are transferred directly
along the spine’s longitudinal axis.80 Under high enough
loads, the cervical spine can respond to this compressive
force by buckling.

Two major patterns of spinal column injury result from
the compression injury vector. Compressive-flexion in-
jury is the most common variant that results from the com-
bination of axial loading and flexion. It results in shorten-
ing of the anterior column because of compressive failure
of the VB and lengthening of the posterior column be-
cause of tensile failure of the spinal ligaments.77 If a cer-
vical vertebra is subjected to a relatively pure compression
force, both the anterior and posterior column shorten, re-
sulting in a vertical compression (burst) fracture. The VB
essentially explodes, during which event it is possible that
disc material extrudes through the fractured endplate, and
retropulsion of osseous material into the spinal canal re-
sults in cord damage.1 Alternatively, there may be signifi-
cant SCI without major disruption of the spinal column’s
integrity. This type of injury is the result of transient spinal
column distortion with energy transfer to the spinal cord. 

Catastrophic cervical trauma caused by the primary dis-
ruptive vector (flexion) generally results from either a
direct blow to the occipital region or rapid deceleration of
the torso. The flexion–distraction injury most likely to re-
sult in spinal cord dysfunction is a bilateral facet disloca-
tion.61,89 Unilateral facet dislocation, which is associated
with SCI in up to 25% of cases, can occur with the addi-
tion of axial rotation to the distractive force.22 It should be
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recognized that unstable cervical fractures and/or disloca-
tions do not always result in upper motor neuron dysfunc-
tion. A unilateral facet dislocation can cause a monorad-
iculopathy due to foraminal compression of a nerve root
on the side of the dislocated articular process. In other
cases, major osseous or ligamentous damage will produce
no neurological impairment. An SCI in these scenarios is
potential rather than actual, based on the amount of loss of
structural integrity of the vertebral column.6

Upper Cervical Spine Injury

In sports-related injuries, the upper cervical spine is
considered to be the occiput, atlas (C-1), and axis (C-2).
The major function of the atlantooccipital joint is motion
in the sagittal plane, which accounts for 40% of normal
flexion and extension of the spine and 5˚ to 10˚ of lateral
bending. The midline atlantodens articulation is stabilized
by the transverse atlantal ligament, which prevents for-
ward translation of the atlas. This specialized osseoliga-
mentous anatomy allows the atlas to rotate in a highly
unconstrained manner. The atlantoaxial complex is res-
ponsible for 40 to 60% of all cervical rotation.28 This rota-
tion is limited by the alar ligaments extending from the
odontoid process to the inner borders of the occipital con-
dyles. The apical ligaments attach the odontoid centrally
to the anterior foramen magnum. Atlantoaxial joint
strength is provided by the transverse ligament and the lat-
eral joint capsules.29

Spinal cord damage due to fractures or dislocations
involving the upper cervical spine is rare because there is
proportionately greater space available within the upper
spinal canal compared with the lower cervical segments.
Injuries that destabilize the atlantoaxial complex (fracture
of the odontoid or rupture of the transverse atlantal liga-
ment) are most likely to result in spinal cord dysfunction.
Flexion is the most frequent cause of injury at the at-
lantoaxial joint. Odontoid fractures can also result from
extension injuries. Unilateral rotary dislocations are usu-
ally the result of rotational forces. Cord compression is
unusual with a burst fracture of the atlas or traumatic
spondylolisthesis of the axis because these osseous in-
juries further expand the dimensions of the spinal canal. If
AP radiographs are obtained and there is spreading of the
lateral masses of more than 7 mm, the transverse ligament
is probably torn. Bilateral pedicle fractures of the axis may
occur from extension of the occiput on the cervical spine.
Importantly, although these injuries can result in instabili-
ty, they usually do not cause neurological deficits sec-
ondary to the anatomically wide spinal canal, which is
also present at this level.29 If an upper cervical cord injury
does occur, diaphragmatic paralysis with acute respiratory
insufficiency can occur along with quadriplegia, because
the phrenic nerve arises from three cervical nerve roots
(C3–5).

Lower Cervical Spine Injury

The lower cervical spine is composed of the C3–7 ver-
tebrae. This area accounts for the remaining arcs of neck
flexion, extension, lateral bending, and rotation, and has
several important anatomical differences when compared
with the upper cervical spine. The spinal canal is not as

wide at this level and the facet joints are oriented at a 45˚
angle. Because of this angulation, axial rotation is some-
what limited. The facet articulations also restrain forward
vertebral translation. 

Each motion segment can be separated into an anterior
and a posterior column. Stability of a cervical segment is
derived mainly from the anterior spinal elements. Com-
pression of the spinal column is primarily resisted by the
VBs and intervertebral disc, whereas shearing forces are
opposed primarily by paraspinal musculature and liga-
mentous support. Instability of the lower cervical spine
has been defined radiographically as translational dis-
placement of two adjacent vertebrae more than 3.5 mm or
angulation of more than 11˚ between adjacent vertebrae.87

The majority of fractures and dislocations occur in the
lower cervical region. Lower cervical spine injuries are
defined by the forces acting on the area (that is, flexion,
extension, lateral rotation, and axial loading). Dislocated
joints are usually the result of a flexion mechanism with
either distraction or rotation. The ligamentous structures
are the primary restraints on distraction of the spine.28

Compression of the posterior structures as well as damage
to the anterior ones is usually the result of extension or
whiplash injuries. This mechanism of injury often results
in tearing of the anterior longitudinal ligament and frac-
tures of the posterior elements.29

Compressive forces usually result in VB fractures.
These are commonly seen in so-called spear-tackler’s
spine, which consists of four characteristics: reversal of
cervical lordosis, radiographic evidence of previous heal-
ed minor VB fractures, spinal canal stenosis, and the
habitual use of spear-tackling techniques.78 Players in this
population often have a flexed posture of the head and a
loss of the protective cervical lordosis. Large axial loads
can result in protrusion of disc material or fractured bone
into the spinal canal. This is the most common mechanism
for sports-related quadriplegia.69,71 The C3–4 level is most
frequently involved in cases of quadriplegia caused by
cervical dislocations.34,79

Central Cord and Burning Hands Syndromes

Injury to the lower cervical spinal cord can result in a
spectrum of neurological dysfunction. Incomplete SCI
can occur, with partial preservation of sensory or motor
function. Central cord syndrome is the most common man-
ifestation of this, followed in frequency by the anterior
cord syndrome.

Burning hands syndrome is considered to be a variant of
central cord syndrome. It is characterized by burning dys-
esthesia in both upper extremities and is probably the result
of vascular insufficiency affecting the medial aspect of the
somatotopically arranged spinothalamic tracts.44,88 The
lower extremities may occasionally be involved and weak-
ness may sometimes be evident. Cervical spine fracture or
soft-tissue injury is seen radiographically in 50% of the
patients with this syndrome. This condition should initially
be managed as an SCI in any athlete who exhibits it.38

Cervical Cord Neurapraxia and Transient Quadriplegia

Neurapraxia of the cervical spinal cord resulting in tran-
sient quadriplegia has been estimated to occur in seven of
10,000 football players.73 This alarming injury is charac-
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terized by a temporary loss of motor or sensory function
and is thought to be the result of a physiological conduc-
tion block without true anatomical disruption of neuronal
tissue. The affected athlete may report pain, tingling, or
loss of sensation bilaterally in the upper and/or lower ex-
tremities. A spectrum of muscle weakness is possible,
ranging from mild quadriparesis to complete quadripleg-
ia. The athlete has a full, pain-free range of cervical mo-
tion and does not report neck pain. Hemiparesis or hemi-
sensory loss is also possible.

This condition is thought to result from a pincer-type
mechanism of compression of the spinal cord between the
posteroinferior portion of one VB and the lamina of the
vertebra below.56 The condition can also occur during hy-
perflexion, but usually with extension movements accom-
panied by infolding of the ligamentum flavum, which can
result in a 30% or more reduction of the AP diameter of
the spinal canal.51 The spinal cord axons become unre-
sponsive to stimulation for a variable period of time,
essentially creating a postconcussive effect.90

Cervical cord neurapraxia is described by the neurolog-
ical deficit, the duration of symptoms, and the anatomical
distribution. A continuum of neurological deficits that
range from sensory only or sensory disturbance with
motor weakness to episodes of complete paralysis may
occur. These may be described as paresthesia, paresis, and
plegia. An injury is defined as Grade 1 if the symptoms of
cervical cord neurapraxia do not persist for more than 15
minutes. Grade 2 injuries are defined as lasting from 15
minutes to 24 hours, and Grade 3 injuries persist for 24 to
48 hours. All four extremities may be involved; this is
considered a “quad” pattern. Upper- and lower-extremity
patterns may also be observed.72

By definition, this condition is transient; complete res-
olution generally occurs within 15 minutes, but may take
up to 48 hours. Administration of steroid drugs in this
population in accordance with the protocol of Bracken, et
al.,11 is controversial. There have been no controlled stud-
ies in which the administration of steroid agents has re-
portedly altered the natural history of the entity in athletes
who have suffered cervical cord neurapraxia.17

In players who return to play football, the rate of recur-
rence has been reported to be as high as 56%.72 Con-
siderable controversy exists regarding whether the pres-
ence of cervical stenosis makes an athlete more prone to
permanent neurological injury or transient quadriparesis.
The AP diameter of the spinal canal (measured from the
posterior aspect of the VB to the most anterior point on the
spinal laminar line), as determined using lateral cervical
spine radiographs, is considered normal if the distance
between C-3 and C-7 is more than 15 mm. Cervical steno-
sis is considered to be present if the canal diameter is less
than 13 mm. This measurement has significant variability,
however, due to variations in landmarks used for mea-
surement, changes in target distances for making the radi-
ographs, patient positioning, differences in the triangular
cross-sectional shape of the spinal canal, and magnifica-
tion of the canal because of a patient’s large body habitus. 

In an effort to eliminate the variability in measurements
of the spinal canal AP diameter, Torg and Pavlov75 de-
signed a ratio method for determining the presence of cer-
vical stenosis, comparing the sagittal diameter of the spi-
nal canal to the sagittal midbody diameter of the VB at the

same level. A ratio of 1:1 was considered normal, and less
than 0.8 was indicative of significant cervical stenosis.
This ratio was found to mislabel as stenotic the spinal
canals in many athletes with adequately sized canals but
large VBs. This observation as well as an unprecedented
ability to image the vertebral column, intervertebral discs,
spinal canal, CSF, and spinal cord directly, has made MR
imaging and not bone landmarks the method currently
preferred for assessing “functional spinal stenosis.” The
CSF signal around the spinal cord (termed the “functional
reserve”) can be assessed using MR imaging, and the
visualization of the CSF signal, its attenuation in areas of
stenosis, and changes on dynamic sagittal flexion–exten-
sion MR imaging studies are of paramount importance in
the diagnosis of this condition. In cases involving an
absent CSF pattern on axial and, particularly, sagittal MR
images, functional stenosis is diagnosed. 

Developmental or acquired cervical stenosis seems to
be a predisposition to cervical cord neurapraxia.70,74 It had
been previously argued by Torg and colleagues74,76 that
young patients who suffered an episode of cervical cord
neurapraxia were not predisposed to permanent neurolog-
ical injury. This assumption has recently been called into
question now that a player who had experienced a cervi-
cal cord neurapraxia subsequently sustained a quadripleg-
ic injury.13

Traumatic Intervertebral Disc Herniation

Acute herniation of an intervertebral disc can occur dur-
ing participation in sports and in the athletic population.
Extrusion of disc material into the central spinal canal can
result in acute cord compression and a transient or perma-
nent SCI. Clinically, the athlete may present with acute
paralysis of all four extremities and a loss of pain and tem-
perature sensation. A traumatic central disc herniation is
also typically accompanied by the sudden onset of poste-
rior neck pain and/or paraspinal muscle spasm as well as
true radicular arm pain or referred pain to the periscapular
area.6

Stingers, Burners, Transient Brachial Plexopathy, or
Nerve Root Neurapraxia

This condition, which is known by various names, is
one of the most common occurrences in collision sports,
and it is not the result of an SCI. It was first described in
1965 by Chrisman, et al.20 Because the mechanism was
thought to be direct force applied to the shoulder with the
neck flexed laterally away from the point of contact, the
condition has also been referred to as “cervical pinch syn-
drome.”32 This is a transient neurological event character-
ized by pain and paresthesia in a single upper extremity
following a blow to the head or shoulder. The symptoms
most often involve the C-5 and C-6 spinal roots. The af-
fected athlete can experience burning, tingling, or numb-
ness in a circumferential or dermatomal distribution. The
symptoms may radiate to the hand or remain localized in
the neck. These athletes often maintain a slightly flexed
cervical spine posture to reduce pressure on the affected
nerve root at the neural foramen or hold and/or elevate the
affected limb in an attempt to decrease tension on the
upper cervical nerve roots. 
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Weakness in shoulder abduction, external rotation, and
arm flexion are reliable indicators of the injury.86 If weak-
ness is a component, it usually involves the C5–6 neuro-
tome. The radiating arm pain tends to resolve first (within
minutes), followed by a return of motor function (within
24–48 hours). Although the condition is usually self-lim-
iting and permanent sensorimotor deficits are rare, a vari-
able degree of muscle weakness can last up to 6 weeks in
a small percentage of cases.

This injury is usually the result of downward displace-
ment of the shoulder, with concomitant lateral flexion of
the neck toward the contralateral shoulder. This is thought
to result in a traction injury to the brachial plexus. The
condition may also be associated with ipsilateral head ro-
tation with axial loading, resulting in neural foramen nar-
rowing and compression and/or impaction of the exiting
nerve root within the foramen.21,62 Direct blunt trauma at
the Erb point, which is located superficially in the supra-
clavicular region, has also been reported to cause sting-
ers.43 This can occur when an opponent’s shoulder or hel-
met is driven into the affected athlete’s shoulder pad
directly over this area. 

This injury has been graded using the Seddon criteria.
A Grade 1 injury is essentially a neurapraxia, defined as
transient motor or sensory deficit without structural ax-
onal disruption. This type of injury usually resolves com-
pletely, and full recovery can be expected within 2 weeks.
Grade 2 injuries are equivalent to axonotmesis, which
involves axonal disruption with an intact outer supporting
epineurium. This results in a neurological deficit that lasts
for at least 2 weeks, and axonal injury may be demon-
strated on electromyographic studies obtained 2 to 3
weeks postinjury. Grade 3 injuries are considered neu-
rotmesis, or total destruction of the axon and all support-
ing tissue. These injuries persist for at least 1 year with lit-
tle clinical improvement.

Cervical canal stenosis has been implicated as a risk
factor for stingers.35 The dimensions of the spinal cord
remain relatively constant in the subaxial cervical spine,54

with an average midsagittal cord diameter in the range of
8 to 9 mm. In contrast, the size of the vertebral canal in the
lower cervical region shows significant individual varia-
tion. Determining the functional reserve (the amount of
CSF surrounding the spinal cord, as defined earlier) can
be accomplished using MR imaging, and is currently the
preferred method for assessing functional spinal stenosis. 

Stingers with prolonged neurological symptoms are the
most common reason for cervical spine evaluations per-
formed in high school and college athletes in an emer-
gency room.17,18,48 The athlete usually demonstrates a full,
pain-free arc of neck motion with no midline palpation
tenderness on examination. If tenderness is present or uni-
lateral neurological symptoms persist, a paracentral disc
herniation with associated nerve root compression should
be considered. This is usually accompanied by the sudden
onset of posterior neck pain and spasm. Monoradiculo-
pathy characterized by radiating pain, paresthesias, and/or
weakness in the upper extremity also occurs due to com-
pression and inflammation of the cervical root. 

On-Field and Ringside Management

The immediate treatment of the player who has suffered

an SCI should follow standard trauma protocols that ad-
dress airway, breathing, and circulation function. The ini-
tial objective in this primary survey is to assess the athlete
for immediately life-threatening conditions and to prevent
further injury. During this primary survey, appropriate
resuscitation procedures are instituted and the emergency
medical system is activated immediately after recognizing
a life-threatening problem or serious spinal injury.7

Following the primary survey, one of three clinical sce-
narios will become apparent: 1) actual or impending car-
diopulmonary collapse; 2) altered mental status but no
compromise of the cardiovascular or respiratory system;
or 3) a normal level of consciousness and normal car-
diopulmonary function.

If the athlete is experiencing cardiopulmonary collapse,
the use of advanced cardiac life support principles is
essential. If the athlete is lying prone, he or she must be
carefully “logrolled” into a supine position on a rigid back-
board if one is available. Any face mask should be remov-
ed rapidly to provide adequate airway access. As men-
tioned earlier, removal of the helmet, headgear, and/or
shoulder pads is not routinely indicated unless the equip-
ment interferes with resuscitation of the patient. If still in
place, the mouthpiece should be taken out while manual
stabilization of the neck in a neutral position is main-
tained. Airway evaluation should be performed with the
understanding that obstruction can be caused by a foreign
body, facial fractures, or direct injury to the trachea or lar-
ynx. A depressed level of consciousness can also con-
tribute to the inability to maintain an airway. 

If breathing is of insufficient depth or rate, assisted ven-
tilation is required. On the field, this usually is performed
using a bag-valve device and face mask. Hypoxia should
be rapidly corrected by providing adequate ventilation,
with protection of the vertebral column at all times. In
patients with a patent airway, respiratory collapse could be
due to an upper cervical SCI, and may result in paralysis
of the diaphragm and accessory breathing muscles. Indi-
cations for definitive airway control by endotracheal intu-
bation include apnea, inability to maintain oxygenation
with face-mask supplementation, and protection from as-
piration. Circulation must also be addressed during the
primary survey. Neurogenic shock due to SCI could result
in diminished amplitude of the peripheral pulses in com-
bination with bradycardia. If the femoral or carotid pulses
are not palpable, cardiopulmonary resuscitation is re-
quired. If this is the case, the front of the shoulder pads can
be opened to allow for chest compressions and/or defibril-
lation. 

If the athlete is found to have an altered mental status
without cardiopulmonary compromise, a brief neurologi-
cal examination can be performed. The prevention of fur-
ther injury to the spinal cord is of primary importance, and
once initial resuscitation and evaluation are performed,
the focus should be placed on immobilization. The helmet
and shoulder pads should remain in place unless removal
is required to gain access to the airway. Neutral axial
alignment and occipital support must be maintained. If a
player is unconscious, he or she should be logrolled into a
supine position and the mouthpiece removed. 

If, after completion of the primary survey, the athlete is
found to have a normal mental status without cardiopul-
monary compromise, a neurological assessment should be
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performed. If the individual exhibits symptoms or signs
referable to spinal cord damage, a catastrophic cervical
cord trauma should be assumed. If results of the neuro-
logical assessment are normal but the athlete exhibits cer-
vicothoracic pain, focal spinal tenderness, or restricted
neck motion, an unstable spinal column injury with poten-
tial cord compromise is assumed.

Removal of the player from the field should be per-
formed with strict attention given to immobilization of the
spine. A rigid backboard with cervical collar or bolsters
on the sides of the head should be used. It is important to
remember that the athlete’s helmet may cause unintended
cervical flexion on a rigid backboard. Once the athlete ar-
rives at the hospital, if these are still in place, the hel-
met/headgear or shoulder pads should be removed before
a radiographic examination is performed. 

Athletes who suffer a burner should be immediately re-
moved from competition until symptoms have fully
resolved. Management of this injury in the participant
who receives it is often dependent on the presence of re-
sidual symptoms. The entity is usually considered an iso-
lated benign injury. On-field evaluation should include
palpation of the cervical spine to determine any points of
tenderness or deformity. Evaluation of sensation and mus-
cle strength should be performed using the unaffected
limb as a point of reference if necessary. Weakness in the
muscles innervated by the upper trunk of the brachial
plexus is often observed. These include the deltoid (C-5),
biceps (C5–6), supraspinatus (C5–6), and infraspinatus
(C5–6) muscles.81 The shoulder of the affected limb
should also be evaluated, with particular attention given to
the clavicle, acromioclavicular joint, and supraclavicular
and glenohumeral regions. Percussion of the Erb point can
be performed in an attempt to elicit radiating symptoms. 

Obviously, the athlete should be evaluated for other
serious injuries such as cervical spine fractures and dislo-
cations. It is unusual to find lower brachial trunk injury
patterns involving the C-7 or C-8 nerve roots. It is also
uncommon to see persistent sensory deficits involving
either the lower or upper extremities. This condition is
always unilateral and has never been reported to involve
the lower extremities. If bilateral upper-extremity deficits
are present, SCI should be at the top of the list for differ-
ential diagnosis. Localized neck stiffness or tenderness
with apprehension to active cervical movement should
alert the examiner to a potentially serious injury and the
subsequent initiation of full spinal precautions, including
backboard immobilization and transport for advanced
neuroimaging.

If the player does not report neck pain, decreased range
of motion, or residual symptoms, he or she can usually
return to competition. If symptoms do not resolve or there
is persistent pain, prompt assessment of the brachial plex-
us by using MR imaging is recommended. If the symp-
toms persist for more than 2 weeks, electromyography can
be performed to establish the distribution and degree of
injury.29 Residual muscle weakness, cervical anomalies, or
abnormal results on electromyographic studies are exclu-
sion criteria for return to play.17

By definition, stingers or burners are transient phenom-
ena, and they usually do not require formal treatment. The
athlete should be followed closely with repeated neuro-
logical examinations, because although the condition usu-

ally resolves in minutes, motor weakness can develop
hours or days postinjury.48,86 Repeated stingers may result
in long-term muscle weakness with persistent paresthe-
sias.65 Options available for participants to decrease the
risk of future occurrences include changing their field
positions or modifying their playing technique.

Conclusions

Neurological injuries suffered during athletic competi-
tion must be treated promptly and correctly to optimize
outcome. Fortunately, catastrophic injuries are rare. Be-
cause of this, however, very few physicians have signifi-
cant experience in the management of these injuries. A
solid understanding of the treatment principles discussed
in this article will improve the preparedness of a physician
to deal with these situations and provide the athlete with
the best chance of recovery.
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joints, ligaments, and discs, in Clark CR (ed): The Cervical
Spine, ed 3. Philadelphia: Lippincott-Raven, 1998, pp 45–52

29. Ghiselli G, Schaadt G, McAllister DR: On-the-field evaluation
of an athlete with a head or neck injury. Clin Sports Med 22:
445–465, 2003

30. Gronwall D, Wrightson P: Cumulative effect of concussion.
Lancet 2:995–997, 1975

31. Gudeman SK, Kishore PRS, Miller JD, Girevendulis AK, Lipper
MH, Becker DP: The genesis and significance of delayed trau-
matic intracerebral hematoma. Neurosurgery 5:309–313, 1979

32. Hershman EB: Brachial plexus injuries. Clin Sports Med 9:
311–329, 1990

33. Jordan SE, Green GA, Galanty HL, Mandelbaum BR, Jabour
BA: Acute and chronic brain injury in United States National
Team soccer players. Am J Sports Med 24:205–210, 1996

34. Kang JD, Figgie MP, Bohlman HH: Sagittal measurements of
the cervical spine in subaxial fractures and dislocations. An
analysis of two hundred and eighty-eight patients with and
without neurological deficits. J Bone Joint Surg Am 76:
1617–1628, 1994

35. Kelly JD IV, Aliquo D, Sitler MR, Odgers C, Moyer RA: Asso-
ciation of burners with cervical canal and foraminal stenosis.
Am J Sports Med 28:214–217, 2000

36. Kelly JP, Nichols JS, Filley CM, Lillehei KO, Rubinstein D,
Kleinschmidt-DeMasters BK: Concussion in sports. Guidelines
for the prevention of catastrophic outcome. JAMA 266:
2867–2869, 1991

37. Kelly JP, Rosenberg JH: Diagnosis and management of con-
cussion in sports. Neurology 48:575–580, 1997

38. Kim DH, Vaccaro AR, Berta SC: Acute sports-related spinal
cord injury: contemporary management principles. Clin Sports
Med 22:501–512, 2003

39. Kvarnes TL, Trumpy JH: Extradural haematoma. Report of 132
cases. Acta Neurochir (Wien) 41:223–231, 1978

40. Lathan WE: Role of the ringside physician, in Jordan BD (ed):

Medical Aspects of Boxing. Boca Raton: CRC Press, 1992, pp
29–44 

41. Levy AS, Smith RH: Neurologic injuries in skiers and snow-
boarders. Semin Neurol 20:233–245, 2000

42. Lovell MR: The relevance of neuropsychologic testing for sports-
related head injuries. Curr Sports Med Rep 1:7–11, 2002

43. Markey KL, Di Benedetto M, Curl WW: Upper trunk brachial
plexopathy. The stinger syndrome. Am J Sports Med 21:
650–655, 1993

44. Maroon JC, Abla AA, Wilberger JI, Bailes JE, Sternau LL:
Central cord syndrome. Clin Neurosurg 37:612–621, 1991

45. Maroon JC, Bailes JE: Athletes with cervical spine injury.
Spine 21:2294–2299, 1996

46. Matser EJT, Kessels AG, Lezak MD, Jordan BD, Troost J:
Neuropsychological impairment in amateur soccer players.
JAMA 282:971–973, 1999

47. McCrory P: Does second impact syndrome exist? Clin J Sport
Med 11:144–149, 2001

48. Meyer SA, Schulte KR, Callaghan JJ, Albright JP, Powell JW,
Crowley ET, et al: Cervical spinal stenosis and stingers in col-
legiate football players. Am J Sports Med 22:158–166, 1994

49. Miele V, Bailes JE: Head, spine, and peripheral nerve injuries
in sports and dance: an encyclopedic reference, in Bailes JED,
Day AL (eds): Neurological Sports Medicine: A Guide for
Physicians and Athletic Trainers. Rolling Meadows, IL:
American Association of Neurological Surgeons, 2000, pp
181–252

50. Miele VJ, Carson L, Carr A, Bailes JE: Acute on chronic sub-
dural hematoma in a female boxer: a case report. Med Sci
Sports Exerc 36:1852–1855, 2004

51. Moiel RH, Raso E, Waltz TA: Central cord syndrome resulting
from congenital narrowness of the cervical spinal canal. J Trau-
ma 10:502–510, 1970

52. Mueller FO: Fatalities from head and cervical spine injuries
occurring in tackle football: 50 years’ experience. Clin Sports
Med 17:169–182, 1998

53. Nobunga A, Go B, Karunas R: Recent demographic and injury
trends in people served by the model spine cord injury care sys-
tems. Arch Phys Med Rehabil 80:1372–1382, 1999

54. Okada Y, Ikata T, Katoh S, Yamada H: Morphologic analysis
of the cervical spinal cord, dural tube, and spinal canal by mag-
netic resonance imaging in normal adults and patients with cer-
vical spondylotic myelopathy. Spine 19:2331–2335, 1994

55. Pasternack JS, Veenema KR, Callahan CM: Baseball injuries: a
Little League survey. Pediatrics 98:445–448, 1996

56. Penning L: Some aspects of plain radiography of the cervical
spine in chronic myelopathy. Neurology 12:513–519, 1962

57. Pennycook AG, Morrison WG, Ritchie DA: Accidental golf
club injuries. Postgrad Med J 67:982–983, 1991

58. Poirier MP, Wadsworth MR: Sports-related concussions.
Pediatr Emerg Care 16:278–283, 2000

59. Powell JW, Barber-Foss KD: Traumatic brain injury in high
school athletes. JAMA 282:958–963, 1999

60. Quarrie KL, Cantu RC, Chalmers DJ: Rugby union injuries to
the cervical spine and spinal cord. Sports Med 32:633–653,
2002

61. Razack N, Green BA, Levi AD: The management of traumatic
cervical bilateral facet fracture-dislocations with unicortical
anterior plates. J Spinal Disord 13:374–381, 2000

62. Robertson WC Jr, Eichman PL, Clancy WG: Upper trunk
brachial plexopathy in football players. JAMA 241:1480–1482,
1979

63. Saunders RL, Harbaugh RE: The second impact in catastrophic
contact-sports head trauma. JAMA 252:538–539, 1984

64. Schmitt H, Gerner HJ: Paralysis from sport and diving acci-
dents. Clin J Sport Med 11:17–22, 2001

65. Speer KP, Bassett FH III: The prolonged burner syndrome. Am
J Sports Med 18:591–594, 1990

66. Stein SC, Ross SE: Minor head injury: a proposed strategy for

V. J. Miele, J. A. Norwig, and J. E. Bailes

10 Neurosurg. Focus / Volume 21 / October, 2006



emergency management. Ann Emerg Med 22:1193–1196, 1993
67. Tator CH, Carson JD, Cushman R: Hockey injuries of the spine

in Canada, 1966–1996. CMAJ 162:787–788, 2000
68. Tator CH, Carson JD, Edmonds VE: Spinal injuries in ice hock-

ey. Clin Sports Med 17:183–194, 1998
69. Tator CH, Edmonds VE: National survey of spinal injuries in

hockey players. Can Med Assoc J 130:875–880, 1984
70. Thomas BE, McCullen GM, Yuan HA: Cervical spine injuries

in football players. J Am Acad Orthop Surg 7:338–347, 1999
71. Torg JS: Epidemiology, pathomechanics, and prevention of ath-

letic injuries to the cervical spine. Med Sci Sports Exerc 17:
295–303, 1985

72. Torg JS, Corcoran TA, Thibault LE, Pavlov H, Sennett BJ, Nar-
anja RJ Jr, et al: Cervical cord neurapraxia: classification, path-
omechanics, morbidity, and management guidelines. J Neuro-
surg 87:843–850, 1997

73. Torg JS, Guille JT, Jaffe S: Injuries to the cervical spine in
American football players. J Bone Joint Surg Am 84:
112–122, 2002

74. Torg JS, Naranja RJ Jr, Pavlov H, Galinat BJ, Warren R, Stine
RA: The relationship of developmental narrowing of the cervi-
cal spinal canal to reversible and irreversible injury of the cer-
vical spinal cord in football players. An epidemiological study.
J Bone Joint Surg Am 78:1308–1314, 1996

75. Torg JS, Pavlov H: Cervical spinal stenosis with cord neuraprax-
ia and transient quadriplegia. Clin Sports Med 6:115–133, 1987

76. Torg JS, Pavlov H, Genuario SE, Sennett B, Wisneski RJ, Ro-
bie BH, et al: Neurapraxia of the cervical spinal cord with tran-
sient quadriplegia. J Bone Joint Surg Am 68:1354–1370, 1986

77. Torg JS, Pavlov H, O’Neill MJ, Nichols CE Jr, Sennett B: The
axial load teardrop fracture. A biomechanical, clinical and roent-
genographic analysis. Am J Sports Med 19:355–364, 1991

78. Torg JS, Sennett B, Pavlov H, Leventhal MR, Glasgow SG:
Spear tackler’s spine. An entity precluding participation in
tackle football and collision activities that expose the cervical
spine to axial energy inputs. Am J Sports Med 21:640–649,
1993

79. Torg JS, Sennett B, Vegso JJ: Spinal injury at the level of the
third and fourth cervical vertebrae resulting from the axial load-
ing mechanism: an analysis and classification. Clin Sports Med
6:159–183, 1987

80. Torg JS, Vegso JJ, O’Neill MJ, Sennett B: The epidemiologic,
pathologic, biomechanical, and cinematographic analysis of
football induced cervical spine trauma. Am J Sports Med 18:
50–57, 1990

81. Vaccaro AR, Klein GR, Ciccoti M, Pfaff WL, Moulton MJR,
Hilibrand AJ, et al: Return to play criteria for the athlete with
cervical spine injuries resulting in stinger and transient quadri-
plegia/paresis. Spine J 2:351–356, 2002

82. Van Camp SP, Bloor CM, Mueller FO, Cantu RC, Olson HG:
Nontraumatic sports death in high school and college athletes.
Med Sci Sports Exerc 27:641–647, 1995

83. Voy RO: Medical responsibilities of the ringside physician, in
Ringside Physicians Certification Manual. Colorado Springs,
CO: United States Amateur Boxing, Inc, 2004, pp 9–22 

84. Waninger KN: On-field management of potential cervical spine
injury in helmeted football players: leave the helmet on! Clin J
Sport Med 8:124–129, 1998

85. Warren WL Jr, Bailes JE: On the field evaluation of athletic neck
injury. Clin Sports Med 17:99–110, 1998

86. Weinberg J, Rokito S, Silber JS: Etiology, treatment, and pre-
vention of athletic “stingers”. Clin Sports Med 22:493–500,
2003

87. White AA III, Johnson RM, Panjabi MM, Southwick WO:
Biomechanical analysis of clinical stability in the cervical
spine. Clin Orthop Relat Res 109:85–96, 1975

88. Wilberger JE, Abla A, Maroon JC: Burning hands syndrome
revisited. Neurosurgery 19:1038–1040, 1986

89. Wolf A, Levi L, Mirvis S, Ragheb J, Huhn S, Rigamonti D, et
al: Operative management of bilateral facet dislocation. J Neu-
rosurg 75:883–890, 1991

90. Zwimpfer TJ, Bernstein M: Spinal cord concussion. J Neu-
rosurg 72:894–900, 1990 

Manuscript received August 7, 2006.
Accepted in final form September 7, 2006.
Address reprint requests to: Vincent J. Miele, M.D., Department

of Neurosurgery, West Virginia University School of Medicine,
P.O. Box 9183, Morgantown, West Virginia 26506–9183. email:
lesvin@adelphia.net.

Neurosurg. Focus / Volume 21 / October, 2006

Sideline and ringside evaluation for brain and spinal injuries

11


