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v'Sports-related injuries to the spine, although relatively rare compared with head injuries, contribute to significant
morbidity and mortality in children. The reported incidence of traumatic cervical spine injury in pediatric athletes
varies, and most studies are limited because of the low prevalence of injury. The anatomical and biomechanical dif-
ferences between the immature spine of pediatric patients and the mature spine of adults that make pediatric patients
more susceptible to injury include a greater mobility of the spine due to ligamentous laxity, shallow angulations of
facet joints, immature development of neck musculature, and incomplete ossification of the vertebrae. As a result of
these differences, 60 to 80% of all pediatric vertebral injuries occur in the cervical region. Understanding pediatric
injury biomechanics in the cervical spine is important to the neurosurgeon, because coaches, parents, and athletes who
place themselves in positions known to be associated with spinal cord injury (SCI) run a higher risk of such injury and
paralysis. The mechanisms of SCI can be broadly subclassified into five types: axial loading, dislocation, lateral bend-
ing, rotation, and hyperflexion/hyperextension, although severe injuries often result from a combination of more than
one of these subtypes. The aim of this review was to detail the characteristics and management of pediatric cervical

spine injury.

KEy WoORDS ¢ cervical spine injury

sports medicine ¢ children

nually while participating in sports or recreational

activities.” Although intracranial injuries outnum-
ber spine injuries,’ athletic activities are one of the leading
causes of cervical spine injuries in the pediatric popula-
tion.' When they occur, sports-related injuries are often
viewed by healthcare providers as “chance” or “freak” ac-
cidents. On the basis of our current understanding of cer-
vical spine biomechanics, however, it is possible to iden-
tify the mechanisms and forces that put the pediatric athlete
at risk for cervical spine injury.

! PPROXIMATELY 3.5 million children are injured an-

Developmental Considerations

The fulcrum of the cervical spine descends as the pedi-
atric spine matures. In children younger than 8 years, the
maximal mobility occurs between the C-1 and C-3 region.
In 8- to 12-year-old children, the fulcrum of cervical spine
flexion changes to C3-5." After the child reaches the age
of 12 years, the fulcrum moves to the C5-6 region, where
it remains throughout adulthood. Injuries due to flexion—
extension, which occur commonly in motor vehicle acci-
dents, for example, tend to reflect these factors. This also
explains the observation that younger children tend to be
at higher risk for upper cervical spine injury.’

The first two cervical vertebrae are unique in their de-

Abbreviations used in this paper: CT = computed tomography;
MR = magnetic resonance; SCI = spinal cord injury; SCIWORA =
SCI without radiographic abnormality; VB = vertebral body.
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velopment. The atlas (C-1) is formed by three primary os-
sification sites: the anterior arch and two neural arches,
which surround the anterior arch and fuse later in life to
form the posterior arch. The anterior arch is ossified in
only 20% of cases at birth and becomes visible as an ossi-
fication center by 1 year of age.?” The neural arches appear
in the 7th fetal week. The anterior arch fuses with the
neural arches by 7 years of age; before this, lack of fusion
may be mistaken for a fracture. The neural arches fuse
posteriorly by 3 years of age. Occasionally, the anterior
ossification center of C-1 does not develop and the neural
arches attempt to fuse anteriorly. This fusion abnormality
can be differentiated from a fracture in that it demon-
strates sclerotic margins.®

The C-2 vertebra, or the axis, has the most complex and
unique development of all the vertebrae. There are four
ossification centers at birth: one for each neural arch, one
for the VB, and one for the odontoid process. The odontoid
process forms in utero from two separate ossification cen-
ters that fuse in the midline by the 7th month of gestation.
A secondary ossification center appears at the apex of the
odontoid process (os terminale) between 3 and 6 years of
age and fuses by the age of 12 years. The body of C-2 fuses
with the odontoid process by 3 to 6 years of age. This
fusion line (subdental synchondrosis), or the remnant of the
cartilaginous synchondrosis, can be seen until the age of 11
years and can be confused with a fracture. The neural arch-
es fuse posteriorly by 2 to 3 years of age and with the body
of the odontoid process between 3 and 6 years of age.



The C3-7 levels are generally discussed as a unit be-
cause they exhibit the same developmental pattern. Three
ossification sites are present: the VB, which arises from a
single ossification site, and the two neural arches.”” The
neural arches fuse posteriorly by the age of 2 to 3 years,
and the VB fuses with the neural arches between 3 and 6
years of age. Additionally, secondary ossification centers
can be seen at the tips of the transverse and spinous pro-
cesses. These ossification centers can persist until early in
the third decade of life, and simulate fractures.'®'? Se-
condary ossification centers can also appear at the superi-
or and inferior aspects of the cervical VBs and remain un-
fused until early adulthood.

Familiarity with the normal anatomy and ligaments of
the craniocervical junction is also important for under-
standing mechanisms of injury. The anterior and posterior
atlantooccipital membranes extend from the upper aspect
of C-1 to the anterior and posterior aspects of the foramen
magnum. The anterior atlantoaxial ligament extends from
the anterior midportion of the dens to the inferior aspect of
the anterior arch of C-1." The tectorial membrane is the
superior extension of the posterior longitudinal ligament
and attaches to the anterolateral aspect of the foramen
magnum, and it has stronger tensile strength than the api-
cal or transverse ligament.?* The transverse ligament ex-
tends from the tubercle on the inner aspect of one side of
the atlas to the tubercle on the other side. The apical liga-
ment lies between the superior longitudinal fasciculus of
the cruciform ligament and the anterior atlantooccipital
membrane.?' The alar ligaments connect the lateral aspect
of the dens and the medial inferior aspect of the occipital
condyles. The main function of the alar ligaments is to li-
mit rotation to the contralateral side. Hence, an alar liga-
ment tear results in a higher range of motion to the con-
tralateral side, and rotational instability may result from
this type of injury.

Cervical spine injuries in young children usually occur
in the upper cervical levels, from the occiput to C-3. This
fact is explained by the unique biomechanics and anatomy
of the pediatric cervical spine. The fulcrum of motion in
the cervical spine in children is at the C2-3 level, where-
as in the adult cervical spine the fulcrum is at the C5-6
level.>3! The immature spine is hypermobile because of
ligamentous laxity, shallow and angled facet joints, under-
developed spinous processes, and physiological anterior
wedging of VBs, all of which contribute to high torque and
shear forces acting on the C1-2 region. Incomplete ossifi-
cation of the odontoid process, a relatively large head, and
weak neck muscles are other factors that predispose the
pediatric cervical spine to instability.5

The soft tissues surrounding the vertebral column also
play a role in protecting the spinal cord from excessive
movements. Muscle tone at the time of the injury can have
a major influence on the force required to produce spinal
cord damage, and ligamentous tissue provides stability
throughout the vertebral column. The ligaments and soft
tissues are generally more vulnerable to injury from rota-
tional forces.

Predisposing Conditions
Medical Conditions
Certain conditions predispose the pediatric athlete to in-

J. Jagannathan, et al.

jury. Athletes with Down syndrome have a 10 to 40% in-
cidence of occipitocervical and atlantoaxial instability due
to extreme ligamentous laxity. This places them at a theo-
retically increased risk of cervical SCI. Despite increased
participation by children with Down syndrome in sporting
activities, the incidence of SCI in such athletes has not nec-
essarily increased in comparison with the normal age-
matched population.? Patients with achondroplasia gener-
ally suffer from multiple levels of cervical spine stenosis.
Often there is tight stenosis at the cervicomedullary junc-
tion at the foramen magnum. It has been found that pa-
tients with achondroplasia are at significant risk of SCI
with hyperflexion and hyperextension.?® Atlantoaxial in-
stability is associated with mucopolysaccharidosis type VI
(Maroteaux—Lamy syndrome), and atlantoaxial rotatory
subluxation is seen in patients with Marfan syndrome.

Cervical Stenosis

Athletes found to have a congenitally narrow cervical
vertebral canal (and who suffer head trauma) may be at
higher risk of transient quadriplegia. Historically, the Torg
ratio, which is a radiographic measure used to compare
the spinal canal diameter to the VB width, had been
viewed as a marker of spinal stenosis.*® A ratio of 0.8 or
less indicates cervical stenosis and a higher risk of neu-
rapraxia.”? When the sagittal canal/VB ratios were mea-
sured on lateral radiographs of the cervical spine obtained
in 124 veteran and 100 rookie professional football play-
ers, however, 40 (32%) of the 124 veterans and 34% of the
100 rookies had a ratio of less than 0.8 at one or more lev-
els from C-3 to C-6.% In view of the rarity of neurapraxia,
the Torg ratio is no longer generally used to determine a
patients’ safety in athletic competition.

Mechanisms of Injury

Mechanisms of injury have been categorized into multi-
ple subtypes. Some overlap exists, however, and some in-
juries can involve more than one mechanism (that is, axial
loading with flexion producing bilateral jumped facets).

Axial Loading

Fractures resulting from pure vertical compression typ-
ically involve the C5-6 region, and they tend to be more
stable. Generally, it is necessary for an injury mechanism
to produce a rotational force to result in dislocation.’* Ax-
ial loading has received the most attention as a mechanism
of injury in athletic competitions. Of 209 football-related
injuries reported between 1971 and 1975, in 52% of the
patients who suffered from permanent quadriplegia the in-
jury was attributed to axial loading. When the head is low-
ered, the buffering capacity of the cervical soft tissue di-
minishes, resulting in an increased amount of compressive
forces on the cervical segments.*? Furthermore, the cervi-
cal flexion obtained by lowering the head causes disap-
pearance of the normally lordotic cervical spine, resulting
in decreased ability of the cervical spine to absorb and dis-
sipate energy. Consequently, the strain energy exceeds the
absorptive capacity of the vertebral column. The result is
often intervertebral disc space injury, VB fractures, or li-
gamentous injury. With additional loading, compressive
forces result in buckling of the most unstable aspect of the
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spinal column. This buckling results in angulation or hy-
perflexion as a means of releasing additional energy. Com-
pressive load limits of the cervical vertebrae have been
calculated to be between 3340 and 4450 N in the young
adult. These limits are easily reached when the head is low-
ered, at a velocity as low as 2.3 m/second, the equivalent
of a fast walk.!®%

Axial loading injuries are often avoidable, and are
brought about by intentionally using the crown of the head
as a point of contact. On the basis of this observation, rule
changes banning both deliberate “spearing” and the use of
the top of the helmet as the initial point of contact in mak-
ing a tackle were implemented at the high school and col-
lege levels in the late 1970s. Subsequently, a marked de-
crease in cervical spine injury rates occurred. Instances of
permanent cervical-level quadriplegia decreased from 34
cases in 1976 to five in the 1984 season.'* Axial loading of
the cervical spine has also been held responsible for cata-
strophic injuries in diving, rugby, ice hockey, and gym-
nastics.!” Implementation of appropriate changes in play-
ing techniques and/or equipment modifications could
possibly reduce the incidence of cervical spine injuries in
these activities as well.

Dislocation and Subluxation

The cervical spine is particularly vulnerable to disloca-
tion or subluxation when the injury mechanism involves
rotation. A dislocation or subluxation normally results in
the vertebrae becoming malaligned due to significant trau-
ma to the head or neck. In some cases, this can result in
jumped or locked facets. Accompanying damage to mus-
cles and ligaments can often contribute to injuries and can
sometimes compromise the vascular structures of the spi-
nal cord."”

Lateral Bending

Cervical nerve roots are surrounded by a layer of vas-
cular connective tissue that offers protection from injury;
however, they are still susceptible to excessive tractional
forces. Traction applied along a nerve root is absorbed
along its length. As the elastic limits on the nerve’s con-
nective tissue are reached, disruption often occurs. Neura-
praxia (that is, “stingers”) is an example of neurological
injury resulting from excessive traction on the peripheral
nerves. Excessive lateral bending can place significant
compressive and tractional forces on the spinal nerve roots
as well as on the sheath of the dorsal nerve root.>?

Rotational Injuries

Lateral bending in the cervical region is generally ac-
companied by rotation resulting from the oblique orienta-
tion of the superior and inferior facets. During rightward
rotation of the axis on the atlas, the left transverse foramen
of the atlas moves anteriorly, whereas the right transverse
foramen moves posteriorly relative to the adjacent axis. As
the rotation increases, the increased distance between adja-
cent transverse foramina results in increased tensile forces
on the vertebral artery and spinal nerve. This can result in
neurapraxia, or even in damage to the circulation of the
brainstem or upper spinal cord in severe cases. 1023

The sensory changes of neurapraxia include burning
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pain, numbness, tingling, and loss of sensation, whereas
the motor changes range from weakness to complete pa-
ralysis. The episodes are transient, and complete recovery
usually occurs in 10 to 15 minutes, although in some pa-
tients gradual resolution occurs over a period of 36 to 48
hours. Except for burning paresthesia, pain in the neck is
usually not present at the time of injury and there is com-
plete return of motor function and full, pain-free motion of
the cervical spine. Routine x-ray films of the cervical
spine do not show fractures or dislocations. However, the
x-ray findings may include developmental spinal stenosis,
congenital fusion, cervical instability, or intervertebral
disc disease.'®

Hyperflexion/Hyperextension Injuries

The pediatric atlantooccipital joint permits 10° of flexion
and 25° of extension. The adult atlantooccipital joint pro-
vides approximately 15° of flexion and extension. The
remaining flexion and extension of the cervical region
comes from the vertebral segments below. Overall, the
range of motion throughout the cervical region is greater in
children than in late adolescents or adults. In children up to
10 years of age, the flexion and extension are centered
around C2-3, but this moves down to C4-5 and C5-6 after
the age of 10 years. The C-2 normally moves forward on
the C-3, up to 2 to 3 mm in pediatric patients. When the
head is flexed this displacement is expected, and can be
exaggerated in the presence of muscle spasm. This pseudo-
subluxation does not represent instability, even though sig-
nificant angulation may be present.

Hyperflexion injuries are usually accompanied by some
degree of rotation. Hyperflexion injuries that involve in-
stability are often due to disruption of the posterior longi-
tudinal ligament. Injuries involving a combination of
hyperflexion and rotation can be exceptionally dangerous,
because rotational forces can result in dislocation when
combined with a hyperflexion force that disrupts the inte-
grity of the supportive soft tissue. Injuries involving hy-
perflexion and rotation most commonly involve the C5-6
region in adolescents, but can be higher in young children.
Hyperflexion may also result in ligamentous instability,
which can result in a rapid decrease in the diameter of the
spinal canal. This is often known as a pincer mechanism."
In a pincer mechanism, the combination of an interverte-
bral disc along with degenerated facet and uncovertebral
joints may invaginate the spinal canal.® This protrusion
into the spinal canal at the same level, as with extension of
the neck, results in a likelihood of significant spinal cord
compression in which there is a guillotine-like effect on
the spinal cord.

Hyperextension injuries most commonly involve a fall.
In athletics, this is often associated with a whiplash injury
in which the forehead is struck. These injuries frequently
involve the anterior longitudinal ligament rather than the
spinal cord. Violent hyperextension, however, can damage
the spinal cord as well, as a result of a pincer mechanism.

Evaluating the Injured Pediatric Athlete

Consideration of the mechanism of injury is an impor-
tant step in the on-field assessment of the injured pediatric
athlete. An athlete suffering from a major spinal injury

3



may not immediately present with focal neurological
signs or symptoms.'* While the player is still on the field,
the prevention of further injury is the most important
objective.™!! Protective gear such as shoulder pads, hel-
met, and chin strap should not be removed, because they
can serve as sites of neutral traction. The first step is to
hold the head and neck in the neutral position to immobi-
lize them. Then, in the following order, these assessments
should be made: respiration; circulation; and level of con-
sciousness.” Because patients with impaired mental status
tend to incur the highest risk of injury, they should be
immobilized immediately.’

Unexplained hypo- or hypertonia or any abnormal find-
ings on a neurological examination performed to assess
minor trauma are relative indications for imaging of the
cervical spine. The most common symptoms of pediatric
cervical spine injury are neck pain and torticollis.?” Neck
or occipital pain that radiates to the shoulders and popping
or snapping of the neck with or without pain may suggest
the presence of a cervical spine injury. Palpation of the
neck may reveal local tenderness, muscle spasm, or con-
tracture and asymmetry. For initial radiographic screen-
ing, lateral, anteroposterior, and odontoid views of the cer-
vical spine should be obtained.**!

Recently, the need for the odontoid view has been ques-
tioned. Some experts believe that a lateral radiograph may
be sufficient for evaluation of children younger than 5
years of age.? If the patient is medically unstable, cross-
table lateral radiography may be performed until his or her
condition permits complete evaluation of the cervical
spine. The false-negative rate for a single cross-table lat-
eral radiograph ranges from 21 to 26%; therefore, com-
plete evaluation with either conventional radiography or
CT scanning is necessary.*32 The role of CT scanning
with multiplanar reformatting in the assessment of cervi-
cal spine injury is crucial. A CT scan delineates the bone
detail of the cervical spine and demonstrates fractures and
the extent of bone injury far better than does MR imaging.
On the other hand, MR imaging is helpful in the evalua-
tion of trauma-related SCI; MR imaging facilitates evalu-
ation of the extradural spaces and of the integrity of the
spinal ligaments. Increased intraspinous distance, diver-
gence of the articular processes, and widening of the pos-
terior aspect of the disc space are indicative of pediatric
cervical spine instability.?!

Spinal Cord Injury Without
Radiographic Abnormality

The SCIWORA is defined as an SCI with no abnormal-
ity depicted on conventional radiography or CT scans.?
Normal results on radiographs obtained in patients with
cervical spine injury are probably related to a transient lig-
amentous deformation of the cervical spinal column. The
spinal cord can be severely disrupted, even though it
appears normal on radiographs. A possible explanation for
SCIWORA is related to the difference in elasticity
between the spinal column and the spinal cord. The less
elastic spinal cord is more prone to injury when de-
formed.!”"* The other suggested cause of SCIWORA is
ischemia that results from direct vessel injury or hypoper-
fusion of the spinal cord parenchyma.” When clinical find-
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ings are present, MR imaging should be performed to eval-
uate for SCI despite the absence of radiographic abnor-
malities.'”* Five specific SCI clinical syndromes have
been described in SCIWORA: 1) central cord syndrome;
2) Brown-Sequard syndrome; 3) anterior spinal artery
syndrome; 4) partial SCI; and 5) complete SCI. Profound
or progressive paralysis occurs immediately or after a
short latency period (usually within 48 hours); transient
symptoms can also occur, such as numbness, paresthesias,
paresis, or shocklike sensations in the extremities. This
delay in diagnosis may be secondary to the development
of spinal cord ischemia or spinal instability.!! Because a
child often is unresponsive to commands or is medically
unstable, an accurate neurological examination may be
difficult. The prognosis depends on the degree of SCL.>7#!

Return to Play?

The decision on whether the pediatric athlete can return
to playing sports is complex and must be considered on an
individual basis, after the extent of the spine injury and all
other injuries are assessed. Cantu’ recommends that prior
to return to play, the athlete should have no neck tender-
ness or spasm, neck or arm pain, numbness, paresthesias,
or weakness, either at rest, with full range of motion, or on
axial compression.

To help establish objective guidelines for return to play
following an injury, Watkins,* proposed a point grading
system to quantify the patient’s clinical situation. This sys-
tem was meant as a guideline for return to play. These
investigators looked at three topics and assigned point val-
ues as follows: 1) extent of the neurological injury (1 point,
unilateral arm numbness or dysesthesias or loss of
strength; 2 points, bilateral loss of motor or sensory func-
tion in the arms; 3 points, ipsilateral arm and leg symp-
toms; 4 points, transitory quadriparesis; and 5 points, tran-
sitory quadriplegia); 2) the time from injury to treatment
(1 point, < 5 minutes; 2 points, < 1 hour; 3 points, < 24
hours; 4 points, < 1 week; and 5 points, > 1 week); and
3) the narrowing of the central canal diameter (1
point, > 12 mm; 2 points, between 12 and 10 mm; 3 points,
10 mm; 4 points, between 10 and 8 mm; and 5
points, < 8 mm). The points tabulated from each of the
three categories were then scaled. Patients with 0 to 6
points were thought to have minimal risk of injury with
return to play; 6 to 10 points represented moderate risk;
and 10 to 15 points was associated with high risk.

Conclusions

Athletic injury is a significant cause of morbidity in pe-
diatric patients. The pediatric cervical spine has unique
anatomical and developmental considerations that vary
with age. Predisposing medical conditions and the mech-
anism of injury are important in determining the severity
of the injury. Immobilization with a rigid collar is essen-
tial until spinal stability and the absence of neurological
compromise are proven. The decision to return to play
must be made on an individual basis, often by a multidis-
ciplinary team including neurosurgeons, pediatricians,
coaches, and family.
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