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Congenital anomalies of the cervical
spine, although rare, are worthy of
attention because neurologic com-
promise from instability or stenosis
may be prevented with early recog-
nition and careful management of
those at risk.  Cervical anomalies
may also herald the presence of
other organ abnormalities, which
may be detected with appropriate
screening studies such as renal
ultrasonography and echocardiog-
raphy.  Traumatic injuries to the cer-
vical spine encompass a broad spec-
trum from minor soft-tissue injuries
to severe fracture-dislocations with
spinal cord injury.  Safe immobiliza-
tion techniques, an appropriate
algorithm for evaluation, and cor-
rect early management of any rec-
ognized injuries are essential to
optimal care.

Familiarity with the normal
developmental anatomy and radio-
graphic features, along with a
knowledge of the common manifes-
tations of hereditary and systemic
diseases, is prerequisite to under-
standing the disorders that affect
the pediatric cervical spine.  Cer-

vical abnormalities occur frequently
in skeletal dysplasias, connective
tissue disorders, inflammatory
arthritides, and storage disorders
(Table 1) and require knowledge-
able evaluation and treatment.

Developmental Anatomy

Within the past decade, molecular
genetic research has identified a
family of genes responsible for the
early complex differentiation pro-
cesses of the axial and appendicu-
lar skeletons.  These genes are re-
ferred to as the homeobox, or Hox,
genes.1 They direct and regulate
the processes of embryonic differ-
entiation and segmentation along
the craniocaudal axis by means of
activation and repression of DNA
sequences that encode the tran-
scription factors and proteins that
affect the order and direction of
development of the specific tissues
of the axial skeleton.1 Mutations
involving the homeobox genes may
be responsible for the common con-
genital anomalies of the cervical

spine, as is evident in the murine
homeobox gene Cdx1 and Hoxb-4
(Hox-2.6).2

The atlas develops from three
ossification centers, one for each
lateral mass and one for the body,
which does not appear until 1 year
of age (Fig. 1).3 The posterior arches
fuse by age 3 or 4 years, but the lat-
eral masses do not fuse to the body
until age 7 years.4 The axis is de-
rived from five primary ossification
centers: the two neural arches or
lateral masses, the two halves of
the dens, and the body.  There are
two secondary centers:  the ossicu-
lum terminale and the inferior ring
apophysis.5 The two halves of the
odontoid are generally fused at
birth but may persist as two centers
known as the dens bicornis.5 The
dens is separated from the body by
a dentocentral, or basilar, synchon-
drosis, which lies well below the
level of the superior articular
facets, giving the appearance of a
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Abstract

The evaluation of children with cervical spine disorders requires an understand-
ing of the anatomic and developmental features that are particular to the pedi-
atric spine.  In this article, cervical spine developmental anatomy is briefly
reviewed, along with common radiographic features of the pediatric cervical
spine. The epidemiology, clinical presentation, and management of congenital
cervical anomalies are considered.  The evaluation and management of pediatric
cervical trauma are also reviewed. Other disorders with common cervical spine
involvement, such as skeletal dysplasias, connective tissue disorders, inflamma-
tory arthritides, and storage disorders, are discussed.
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cork in a bottle on an open-mouth
view of the axis, with the dens
being the ÒcorkÓ and the lateral
masses and body together forming
the Òbottle.Ó3,5 The dentocentral
synchondrosis of the axis remains
open in all children up to age 3
years, is present in half by age 4 to
5 years, and is absent in most by
age 6 years.5 The tip of the dens is
not ossified at birth but appears at
age 3 years and fuses to the dens
by age 12 years.  Occasionally, it
remains as a separate ossiculum
terminale persistens and is of little
clinical significance.5

The cervical spine approaches
adult size and shape by age 8
years, as the vertebral bodies grad-
ually lose their oval or wedge
shape and become more rectangu-
lar.6 There is increasing stability of
the cervical spine with age, which
explains the different prevalences
of cervical trauma in children
above and below 8 years of age.  A
recent study of 227 consecutively
treated children with traumatic cer-
vical spine fractures showed that
87% of children younger than 8
years had injuries at C3 or higher
and had a higher risk of fatality

from their injuries, whereas chil-
dren older than 8 years had injury
patterns similar to those seen in
adults, with lesions predominantly
below C4, and had no fatalities.7

Radiographic Evaluation

Because of the unusual radiograph-
ic variability in children, care must
be taken in reviewing studies and
in correlating the information
obtained with the history and phys-
ical examination findings in the
child.  Hypermobility, unique ver-
tebral configurations, incomplete
ossification, and the presence of
apophyses all contribute to the dif-
ficulty in interpreting radiographs
of the pediatric cervical spine.8

Because of the orientation of the
facet joints and the relative laxity of
the ligamentous and cartilaginous
elements of the pediatric cervical
spine, an increased amount of cer-
vical vertebral mobility is noted in
children less than 8 years of age.
Pseudosubluxation is most com-
mon at C2-3 (19% of children aged
1 to 7 years) and is also seen at C3-4.
The atlas overrides the odontoid in
20% of children aged 1 to 7 years.
Absent lordosis (which occurs in
15% of children aged 1 to 16 years)
and anterior angulation of the
odontoid process (4% of children)
are also seen.8 Incomplete ossifica-
tion accounts for increased mea-
surements of the basion-dens inter-
val and the atlantodens interval, as
well as for the oval or wedge shape
of vertebral bodies.  The presence of
apophyses may lead to the false
impression of fracture of the base of
the odontoid at the synchondrosis.5

Special studies can be used to
supplement plain radiographs of
the cervical spine in children.
Supervised flexion-extension lateral
radiographs are useful in the evalu-
ation of instability (congenital or
traumatic).  Dynamic rotation com-
puted tomographic (CT) scans are

helpful in looking for atlantoaxial
rotary displacement, and recon-
structive CT is useful in evaluating
congenital anomalies.  Magnetic
resonance (MR) imaging (either sta-
tic or dynamic) is used to evaluate

Table 1
Disorders With Common
Involvement of the Cervical Spine

Skeletal dysplasia
Spondyloepiphyseal dysplasia
Achondroplasia
Osteogenesis imperfecta
Neurofibromatosis
Rickets
Diastrophic dysplasia

Connective tissue disorders
Marfan syndrome
Down syndrome

Inflammatory arthritis (juvenile
rheumatoid arthritis)

Mucopolysaccharide storage 
disease (Morquio syndrome)

Fig. 1 Ossification centers of the atlas
(top) and axis (bottom) during develop-
ment.
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patients with spinal cord injury
without radiographic abnormality
(SCIWORA)9 or cord compression.
Occasionally, myelography or CT
myelography can demonstrate the
presence of dural bands in cases of
basilar impression.

Lateral static radiographs of the
craniovertebral junction are useful
in evaluating occipitocervical anom-
alies.10-12 Because of the close rela-
tionship of the atlas to the occiput
and their tendency to move together,
care must be taken to align the x-ray
beam perpendicular to the axis of
the head, rather than the neck, in
order to clearly visualize this rela-
tionship.10 Several measurements
are commonly used to demonstrate
the relationship between the occiput
(foramen magnum) and C1 or the
odontoid:  the McGregor, McRae,
Chamberlain, Wackenheim, and
Wiesel-Rothman lines and PowerÕs
ratio (Fig. 2).

Evaluation for the presence of
instability at C1-2 in children uti-
lizes the atlantodens interval (ADI)
and the space available for the cord
(SAC) (Fig. 2, A).  The ADI should
be less than 4 mm in children under
8 years (some consider 5 mm accept-
able).3 In older children and adults,
the value should be 3 mm or less.12

In chronic atlantoaxial instability
due to skeletal dysplasia, connective
tissue disorders, inflammatory
arthritides, and storage disorders,
the ADI may be increased at base-
line.13-16 In that case, attention
should be directed to the SAC.  A
careful history and physical exami-
nation are necessary to look for neu-
rologic signs and symptoms.

The SAC is roughly defined by
the Òrule of thirdsÓ proposed by
Steel.12 At the level of the dens, one
third of the area within the ring of
C1 is occupied by the spinal cord
and one third by the odontoid; the
remaining third is space.  The trans-
verse ligament serves as the first
line of defense, maintaining the ADI
at 4 mm or less.  The alar and apical

ligaments have a checkrein effect,
serving as the second line of defense
(Fig. 3).  When the ADI exceeds 10
to 12 mm, all ligaments have failed,
the SAC is negligible, and cord com-
pression occurs.  These measure-

ments can be correlated with the
history and physical examination
findings to determine the clinical
relevance of the instability.

In pseudosubluxation, as much
as 4 mm of stepoff anteriorly may
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Fig. 2 Lateral craniometry.  A, The lines commonly used to determine basilar impression
and the measurements for determining atlantoaxial instability (ADI = atlantodens interval;
SAC = space available for cord).  B, Method of measuring atlanto-occipital instability
according to Rothman and Wiesel.  The atlantal line joins points 1 and 2.  A line perpendic-
ular to the atlantal line is made at the posterior margin of the anterior arch of the atlas.
The distance (x) from the basion (3) to the perpendicular line should not vary more than 1
mm in flexion and extension.  C, PowerÕs ratio is determined by drawing a line from the
basion (B) to the posterior arch of the atlas (C) and a second line from the opisthion (O) to
the anterior arch of the atlas (A).  The length of line BC is divided by the length of line OA.
A ratio greater than 1.0 is diagnostic of anterior occipitoatlantal dislocation.

CB
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be seen.  The differentiation of this
phenomenon from true injury can
be facilitated by the use of
SwischukÕs line.17 This is drawn
along the posterior arch (spinolam-
inar line) from C1 to C3 (Fig. 4).
The line should pass within 1.5 mm
of the posterior arch of C2.17

The subaxial cervical spine can
be evaluated on the basis of charac-
teristics visualized on the lateral
plain radiograph.  Smooth lines
should join the anterior vertebral
body line, posterior vertebral body
line, posterior arch line, and spinous
processes from C1 to C7 (Fig. 5).18

The articular facets should be paral-
lel, and the interspinous distances
and posterior disk spaces should be
in balance.18 The retropharyngeal
space should be less than 7 mm, and
the retrotracheal space should be
less than 14 mm in children; how-
ever, these may be difficult to assess

in a crying child.19 The cervicotho-
racic junction should be visualized
in every trauma patient with lateral
plain films, a swimmerÕs view, or a
CT study with fine sections through
this portion of the spine.

Congenital Anomalies

Congenital anomalies range in
severity from those that are benign
and asymptomatic to those with
the potential for fatal instability.
Although these anomalies are rare,
their recognition is important to
prevent catastrophic paralysis due
to injury, sports participation, or
anesthetic manipulation.

Basilar Impression

Basilar impression and odontoid
anomalies are among the most
common developmental malforma-
tions of the proximal cervical
spine.10 Basilar impression is com-
monly associated with other anom-
alies, such as Klippel-Feil syn-
drome, hypoplasia of the atlas,
bifid posterior arch of the atlas, and
occipitocervical synostosis.10 It is
also commonly found in systemic
disorders such as achondroplasia,
osteogenesis imperfecta, Morquio
syndrome, and spondyloepiphy-
seal dysplasia.

With basilar impression, the
upper cervical spine encroaches on
the brainstem and spinal cord as the
base of the skull is displaced toward
the cranial vault.19 Motor and sen-
sory disturbances are noted in 85%
of individuals who are sympto-
matic.19 However, most affected
persons remain asymptomatic until
the second or third decade, when
they may present with headache,
neck ache, and neurologic compro-
mise (prevalence, 15%).19 Some
patients have been misdiagnosed as
having multiple sclerosis, amyo-
trophic lateral sclerosis, posterior

fossa tumors, or traumatic injury.
Evaluation should include lateral
craniocervical radiography fol-
lowed by MR imaging.  Myelog-
raphy and/or CT with reconstruc-

Fig. 3 A, Normal relationships of the alar
and apical ligaments and the transverse
atlantal ligament (TAL) in the atlantoaxial
joint, as viewed from above.  B, The check-
rein effect of the alar ligaments prevents
cord compression when the TAL ruptures.
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Fig. 4 The spinolaminar line (SwischukÕs
line) is used to determine the presence of
pseudosubluxation of C2 on C3. 
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Fig. 5 Normal relationships in the lateral
cervical spine:  1 = spinous processes; 2 =
spinolaminar line; 3 = posterior vertebral
body line; 4 = anterior vertebral body line.
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tions may be helpful in some in-
stances to further delineate the
pathologic anatomy.

Treatment often requires the
combined efforts of the ortho-
paedic surgeon and the neurosur-
geon.  Anterior impingement (by a
hypermobile odontoid) may re-
quire fusion in extension (if reduc-
tion and decompression occur in
extension) or anterior excision of
the odontoid and stabilization in
extension.19 Posterior impinge-
ment may require suboccipital
craniectomy and decompression of
the posterior ring of C1 and possi-
bly C2 with the release of tight
dural bands.  This is followed by
fusion of the occiput to C2 or C3.

Occipitocervical
Synostosis

Congenital occipitocervical synos-
tosis ranges in severity from an
asymptomatic anomaly to a more
serious disorder with the potential
for neurologic compromise after
minor trauma.  In one review,20 a
third of affected individuals were
misdiagnosed as having a neuro-
logic disorder.  Associated findings
of a short neck, low posterior hair-
line, and limited neck range of
motion may be seen, and there is a
common association of this disor-
der with C2-C3 fusion.

Because atlantoaxial instability
develops in as many as 50% of
patients with this condition, assess-
ment is required.20 Once instability

has been demonstrated, treatment
depends on the presence or absence
of neurologic signs and symptoms.
Neurologically stable individuals
who are active in sports or who
have a decreased SAC, suggestive
of impending myelopathy, should
undergo careful restoration of the
atlantoaxial relationship in exten-
sion and fusion of the occiput-C1
complex to C2.20 If there is neural
impairment, consideration may be
given to decompression by laminec-
tomy, craniectomy, and release of
posterior dural bands.

Unilateral Absence of C1

Congenital unilateral absence of
the first cervical vertebra (hemi-
atlas) was recently described in a
series of 17 individuals.21 Either
the condition presents at birth or
torticollis later develops, with later-
al translation of the head on the
trunk and lateral tilt and rotation of
the head.  Other anomalies are
commonly associated, such as
tracheoesophageal fistula.

The deformity is best evaluated
with CT, MR imaging, and mye-
lography.  Angiography or MR
angiography should be done if
operative intervention is undertak-
en, as vertebral artery anomalies
are commonly found on the aplas-
tic side.

Initial management involves
observation to determine whether
progressive head imbalance or loss
of cervical range of motion has

resulted.  Because bracing is not
effective in preventing progression,
surgical intervention is recom-
mended.  Ideally, posterior fusion
is done between the ages of 5 and 8
years.  Decompression may be nec-
essary if the SAC is inadequate.

Odontoid Anomalies

Anomalies of the odontoid occur
on a continuum from aplasia (com-
plete absence) through varying
degrees of hypoplasia (Fig. 6).  Os
odontoideum, currently believed to
be initiated by trauma, has clinical
features similar to those of aplasia
or hypoplasia of the odontoid.22

These anomalies may lead to
atlantoaxial instability with similar
signs, symptoms, and treatment.
The atlantoaxial joint becomes
unstable because the odontoid is
not a functional peg.10

The clinical presentation occurs
at an average age of 19 years, with
most patients having cervical pain
and a spectrum of findings ranging
from very mild discomfort to neu-
rologic compromise and sudden
death due to minor trauma.22

Surgical stabilization is indicated if
there is neurologic involvement,
more than 10 mm of instability on
supervised flexion-extension films,
or persistent neck complaints.
Prophylactic stabilization is contro-
versial.  However, it should be
noted that good outcomes have
been achieved with surgery, with
low morbidity.22

Fig. 6 Gradations of odontoid appearance.

Normal odontoid Hypoplasia Ossiculum terminale Os odontoideum Aplasia
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ranging from a two-segment fusion
to involvement of the entire cervi-
cal spine.  This may be associated
with the clinical triad of a short
neck, a low posterior hairline, and
marked limitation of range of
motion of the neck.  This condition
may be associated with other con-
genital cervical anomalies, includ-
ing occipitocervical synostosis,
basilar impression, and anomalies
of the odontoid.26 Hensinger et al26

have found that there are common-
ly additional associated disorders
in these children, including con-
genital scoliosis, renal anomalies,
SprengelÕs deformity, impaired
hearing, synkinesia, and congenital
heart disease.  The presentation of
individuals with Klippel-Feil syn-
drome should initiate a thorough
evaluation to detect these possibly
underlying abnormalities, which
may be serious enough to produce
considerable morbidity.

Clinically, these individuals
often are asymptomatic, and the
disorder is discovered incidentally.
Those who become symptomatic
often present during the second or
third decade, when the free seg-
ments adjacent to the fused seg-
ment become hypermobile, which
leads to early degenerative arthritis
or frank instability.10 Generally,
upper cervical instability occurs in
younger individuals with a high
prevalence of neurologic problems,
whereas lower cervical hypermo-
bility often occurs in older individ-
uals as degenerative arthritis.27

There are three high-risk pat-
terns that commonly produce in-
stability and require early recogni-
tion:  (1) fusion of C2 to C3 with
occipitocervical synostosis; (2) long
fusion with an abnormal occipito-
cervical junction; and (3) a single
open interspace between two fused
segments.27 Each of these situa-
tions focuses motion at one level,
with the abnormal biomechanics
producing instability.  Treatment
by stabilization or modification of

activity and bracing to prevent
neurologic compromise with minor
trauma may be necessary

The indications for and timing
of stabilization are not clearly
defined.  However, neurologic
compromise and sudden death
have been reported with Klippel-
Feil syndrome.10 This risk must be
weighed against the disadvantage
of losing additional motion seg-
ments with a stabilization proce-
dure.  Conservative measures, such
as activity modification, bracing,
and traction, may reduce symp-
toms and delay surgery for these
individuals.

Trauma

Traumatic injuries to the pediatric
cervical spine are rare.  In a series of
631 children with cervical spine
injuries,28 only 12 (1.9%) were less
than 15 years of age.  In that series,
common causes of injury included
motor-vehicle accidents (50%),

Congenital Muscular
Torticollis

Congenital muscular torticollis is
the most common cause of a wry-
neck posture in the infant.23 It is
often discovered during the first 6
to 8 weeks of life.  It is thought to be
secondary to a Òpacking syndromeÓ
and is therefore more common in
first-born children.  It has been
associated with other similar condi-
tions, such as developmental dys-
plasia of the hip (coexisting in 20%
of cases) and metatarsus adductus
(coexisting in 15% of cases).10 There
is evidence that the process is due
to a compartment syndrome in-
volving the sternocleidomastoid
muscle, with subsequent intramus-
cular fibrosis.  In nearly 75% of
cases, the abnormally tight sterno-
cleidomastoid is on the right side.24

Evaluation should include plain
radiography of the cervical spine to
rule out congenital skeletal anom-
alies.  Care must be taken to con-
sider other causes of this appear-
ance, such as ocular dysfunction,
tumors of the spinal cord and cere-
bellum, infection or inflammation,
trauma, and atlantoaxial rotary dis-
placement.24

Conservative management with
standard passive stretching exercis-
es (Fig. 7) yielded excellent results
in 90% of children in one study.24

However, if there is a limitation of
motion of more than 30 degrees or if
the condition persists beyond 1
year, surgical release of the sterno-
cleidomastoid muscle may be neces-
sary.23 In one review of the data on
33 children,25 distal open release of
the sternocleidomastoid muscle led
to good results in children between
6 and 12 years of age and acceptable
results in children over 12 years.

Klippel-Feil Syndrome

Klippel-Feil syndrome is a congeni-
tal fusion of the cervical spine,

B

C D

A

Fig. 7 A, Sternocleidomastoid anatomy.
B, Congenital muscular torticollis.  Passive
stretching exercises include lateral head
bend away from the affected side (C) and
head rotation toward the affected side (D).
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sports injuries and child abuse
(20%), falls from a height (15%), and
gunshot wounds (10%). In children
less than age 8, most injuries occur
at C3 or higher. Most fatalities due
to cervical spine injury occur in this
age group.

If injury to the cervical spine due
to high-energy trauma is suspect-
ed, the child should be immobi-
lized to prevent spinal cord injury.
This may be accomplished either
by using a spine board with an
occipital recess or, more common-
ly, by placing a mattress beneath
the shoulders and trunk of the
child (Fig. 8).29

The cervical spine should be
immobilized with a rigid cervical
orthosis specifically designed for
children.  Sand bags should be used
on each side of the head to prevent
rotation.  Movement should be
minimized and done in a log-
rolling fashion with gentle in-line
cervical control until the spine is
cleared of injury.  Screening radio-
graphs should include anteroposte-
rior and lateral projections, as well
as an open-mouth odontoid view.
In a series of 300 patients with mul-
tiple trauma and cervical spine
injury, 11 had initially unrecog-
nized injuries, and neurologic
deficit or death occurred due to
inadequate immobilization during
emergency management.29

Physical examination of the
spine may be performed with pal-
pation and inspection to locate sites
of tenderness, deformity, or ecchy-
mosis.  Range of motion should be
evaluated only in conscious, coop-
erative children.  If there is no ten-
derness and they have full range of
motion of the spine, the cervical
collar may be removed, and they
can be taken off the spine board.  If
there is any tenderness or limita-
tion of motion, voluntary flexion
and extension lateral radiographs
can be obtained to rule out instabil-
ity due to ligamentous injury not
detected on the initial radiographs.
This should be accomplished only
in children who are alert, oriented,
neurologically intact, and of an
appropriate age to cooperate with
the examination.  If the study is
negative and tenderness persists, a
soft collar is recommended for
comfort.

In unconscious, uncooperative,
or very young children and in chil-
dren with SCIWORA, MR imaging
may be useful for revealing spinal
cord, soft-tissue, and bone injuries
of the spinal column that are not
visible on plain radiographs.  If the
study is negative, the cervical collar
can usually be removed.

Spinal cord injury without radio-
graphic abnormality occurs because
of the greater flexibility of the pedi-
atric spinal column compared with
the spinal cord; the spinal column is
capable of up to 2 inches of elonga-
tion, whereas the spinal cord will
rupture with only 0.25 inch of
stretch.9 When SCIWORA does
occur, careful neurologic evaluation
is indicated to document the level of
injury, to determine whether the
cord injury is complete or incom-
plete, and to assess for the presence
of spinal shock.  Magnetic resonance
imaging may be useful for identify-
ing the nature of the injury.  In chil-
dren with associated head trauma,
somatosensory evoked potentials
have also been useful.30

Treatment of SCIWORA in-
volves immobilization and fre-
quent reevaluation over 6 to 8
weeks to look for resolution of the
injury and to reassess the stability
of the cervical spine.  Laminectomy
has not proved beneficial and may
actually increase instability.30

Acutely, the use of cortico-
steroids is believed to improve out-
comes in children with spinal cord
injury.31 The recommended dose
of methylprednisolone is 30 mg/kg
of body weight given as a bolus
within the first 8 hours after the
injury.  This is followed by 5.4
mg/kg per hour for either 24 or 48
hours depending on the time when
the treatment was initiated.  (This
recommendation is based on data
from studies involving mostly
adult patients.)

Atlantoaxial Rotary
Displacement

Torticollis can be a common path-
way for the manifestation of in-
flammation in the cervical spine
due to a variety of causes, among
them trauma, infection, rheumato-
logic conditions, and postsurgical
inflammation.  The spasm and in-
flammation from these causes may
lead to the development of atlanto-
axial rotary displacement (AARD),
which represents a spectrum of
pathologic changes ranging from
mild displacement to severe dis-
placement and eventually the fixa-
tion of C1 on C2 in a subluxated
position.

The Fielding-Hawkins classifica-
tion32 is used to evaluate this disor-
der and guide management (Fig.
9).  Expectant management with an
initial trial of nonsteroidal anti-
inflammatory medication and rest
with a soft collar is indicated for up
to 1 week after the onset of symp-
toms.  Mild inflammation should
resolve spontaneously within this
period.  A dynamic CT study is

Fig. 8 Young children can be immobilized
on a modified backboard with either an
occipital recess (less practical) (top) or a
mattress pad to raise the chest (more prac-
tical) (bottom).
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obtained to confirm the diagnosis
and rule out grade III or IV AARD
or atlantoaxial rotary fixation.  If
symptoms persist, the child should
usually be admitted to the hospital
for soft halter traction.

Deformity that persists beyond 1
week can be classified as either
reducible or fixed.  A halo or rigid
brace may be used for reducible
AARD if the duration of signs and
symptoms has been prolonged.
Indications for surgical fusion of
C1 to C2 include neurologic in-
volvement and failure to obtain or
maintain correction despite appro-
priate conservative measures.

Fractures and Dislocations

Fractures of the atlas are often
caused by an axial compression
force that is dissipated on the lateral
masses and drives them apart.
Spinal cord injury is rare in those
who survive the injury.  Immobili-
zation for 6 to 8 weeks is followed
by testing of the integrity of the
transverse atlantal ligament as
visualized on flexion and extension
films.  Fusion of C1 to C2 may be
necessary in cases of residual insta-
bility.

Isolated rupture or avulsion of
the transverse ligament may be
demonstrated on lateral cervical
spine flexion and extension radio-

graphs, CT scans, or MR images.
An ADI greater than 5 mm sug-
gests instability of C1 on C2.
Unless such an injury is associated
with an avulsion fracture, conserv-
ative treatment is likely to fail, and
surgical stabilization of C1 to C2 is
indicated.33

Displaced fractures through the
ring of C2 are treated with traction
reduction and immobilization.
Odontoid fractures are the most
common pediatric cervical spine
injury.  Most odontoid fractures in
children occur through the basilar
synchondrosis and differ from the
adult types.  If displaced, they can
usually be reduced with traction
and will heal with halo immobi-
lization for 6 to 8 weeks; super-
vised flexion and extension films
should then be obtained to verify
healing and stability.  C1-C2 fusion
is indicated for persistent nonunion
at the fracture site.34

Subaxial cervical spine injuries
include unilateral and bilateral
facet subluxation or dislocation and
a spectrum of fractures with vary-
ing potential for instability.  Facet
subluxation or dislocation often
presents as 25% (unilateral) to 50%
(bilateral) anterolisthesis of one
vertebral body with respect to the
next caudal level.  The treatment of
these injuries is dependent on the
specific injury and is usually simi-
lar to the treatment for adults.34 If

displacement exists, traction may
be used to obtain reduction; the
type and amount of traction de-
pend on the age and weight of the
child.  After traction, immobiliza-
tion for 6 to 8 weeks usually obvi-
ates the need for surgery.  How-
ever, a two-level posterior fusion
with wires and bone graft may be
needed if there is persistent insta-
bility.34

Other Disorders With
Common Cervical Spine
Involvement

Cervical spine problems are more
common in persons with certain
underlying disorders, such as
skeletal dysplasia, connective tis-
sue disorders, inflammatory arthrit-
ides, and storage disorders (Table
1).13-16

In children with Down syn-
drome, ligamentous laxity can
occur at more than one level,
including the occipitocervical level.
Instability of C1 on C2 in excess of
5 mm occurs in 14% to 17% of
patients, and hypoplasia of the pos-
terior arch of C1 can occur in
26%.13,35 This may amplify the risk
of spinal cord injury following
atlantoaxial subluxation because of
the decreased SAC (Fig. 10).35

Recommendations for manage-
ment of these children include a

Fig. 9 Fielding-Hawkins classification of atlantoaxial rotary displacement.  A = simple rotary displacement; B = rotary displacement with
anterior shift of 5 mm or less; C = rotary displacement with anterior shift greater than 5 mm; D = rotary displacement with posterior shift.
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careful baseline radiographic
examination, including flexion and
extension films, and a careful neu-
rologic examination.  Although
some have suggested that children
with an ADI greater than 5 mm
should be restricted from sports
that involve a risk of stress to the
head or neck, others recognize that
fewer than 10% of those with more
than 5 mm of instability will have
signs and symptoms of cervical
spine myelopathy.14 Rather than
restricting these children from all
sports, some recommend that they
avoid only sports that require
stressful weight bearing on the
head, such as gymnastics and div-
ing.14

Prophylactic stabilization is not
indicated.  However, patients who
become symptomatic or who
demonstrate neurologic signs on
physical examination should be
evaluated more carefully, and con-
sideration should be given to stabili-
zation.3 This is necessary for fewer
than 10% of children with Down
syndrome.13 It should be noted that
stabilization is frequently associated
with complications, including
nonunion.

In children with Morquio syn-
drome, atlantoaxial instability is
more commonly due to hypoplasia

of the odontoid, rather than incom-
petence of the transverse lig-
ament.15 Myelopathy due to insta-
bility is relatively common in these
children.  Fusion is indicated if
there is more than 5 mm of instabili-
ty, even in children who are a-
symptomatic.  The same is true of
children with spondyloepiphyseal
dysplasia.  Flexion and extension
MR images are useful in the evalu-
ation and treatment of these chil-
dren.

In children with juvenile rheu-
matoid arthritis (JRA), the in-
creased ADI (greater than 4.5 mm
in 20%) is related to deficiency of
the transverse ligament due to in-
flammation, but is not commonly
associated with neurologic mani-
festations or pain.16 Children with
JRA who present with pain should
be evaluated carefully for fracture
or infection as an underlying
cause.16 The most frequent finding
in the cervical spine in JRA is
zygapophyseal fusion, which is
often asymptomatic.16 In children
with a systemic or polyarticular
onset of JRA, the odontoid waist
may be eroded due to synovial
hypertrophy.  This may give an
Òapple coreÓ appearance to the
odontoid, making it more suscepti-
ble to fracture.16

Halo Immobilization

The halo ring and vest has been
used increasingly for immobiliza-
tion of the cervical spine in chil-
dren.  The advantages of the device
include ease of application, superi-
or immobilization and positioning
of the cervical spine, fewer skin
complications than with other
orthoses, ease of access to wounds
of the neck or scalp, freedom of
motion of the mandible, and early
mobilization of the patient, result-
ing in shorter hospitalization.

The technique of halo ring and
vest application in children differs
significantly from that in adults.
Because of the variation in skull
thickness and suture formation and
closure, a CT study can be helpful
before halo application on very
young children.  More halo pins (8
to 12) are used at lower insertional
torques (1 to 5 ft-lb) compared with
the standard values used in adults
(4 pins at 6 to 8 ft-lb).  Complication
rates have been noted to be as high
as 68% in children, with pin-site
infections being the most common.
However, it has been shown that
the multiple-pin constructs used in
children have a similar rate of com-
plications when compared with
four-pin constructs in children.36

Fig. 10 A, Normal relationship of the atlas, axis, and spinal cord.  B, Atlantoaxial subluxation with normal posterior arch of C1 and ade-
quate SAC.  C, Hypoplastic posterior arch of C1 with adequate SAC.  D, Double jeopardy of hypoplastic posterior arch of C1 and
atlantoaxial subluxation producing cord compression.
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Complications of Surgical
Management

Progressive deformity in the pedi-
atric cervical spine may take place
after decompression with multiple
laminectomies (postlaminectomy
kyphosis) or after spinal cord
injury.  In one study,37 significant
spinal deformities, including ky-
phosis and swan-neck deformity,
developed in as many as 50% of
children who underwent laminec-
tomy with or without suboccipital
craniectomy for spinal cord tumors
or myelomeningocoele.  The likeli-
hood of deformity increases with
more extensive laminectomy, with
neurologic involvement, and with
younger age at surgery.  Ideally,
one should avoid laminectomy in
children or should perform a fusion
at the same time if laminectomy is
necessary.  The key to management
if kyphosis does occur is early
recognition, initial bracing, and
prompt surgical management of
progressive deformity.

Surgical treatment of postlami-
nectomy deformity includes preop-
erative traction with a single staged
anterior release with strut graft
(iliac crest or fibula).  If the posterior

elements are intact and fused, pos-
terior osteotomies may be required
initially along with intraoperative
traction before release and fusion.38

Bone Graft and Posterior
Arthrodesis

The efficacy of posterior arthrode-
sis and immobilization of the cervi-
cal spine in children has been well
documented.  Solid fusion is
achieved in almost all cases in
which delicate exposure of the
desired levels of fusion is per-
formed along with decortication
and iliac-crest bone grafting.39,40

The use of cadaveric bone has been
far less successful.  In one study,41

failure of fusion was noted in all
seven cases in which cadaveric
bone was used, with eventual
fusion after subsequent use of auto-
genous iliac-crest graft in all in-
stances.41

Long-term follow-up results in
children after posttraumatic cervi-
cal arthrodesis have been favorable.
In a 17-year follow-up study, 90%
of patients had excellent or good
results with a low complication
rate despite an overall increase in

osteoarthrotic changes in unfused
segments and a decrease in mobili-
ty.42 The most common complica-
tion (38%) was spontaneous exten-
sion of the fusion mass.

Summary

Disorders of the cervical spine in
children differ considerably from
those in adults.  Specific knowl-
edge of the developmental anato-
my and the common congenital
anomalies and injury patterns in
children is necessary to effectively
evaluate and manage these disor-
ders.  Recent molecular genetic
research is revealing more about
the development of the axial skele-
ton.  Improved imaging techniques
are facilitating the radiologic evalu-
ation of both congenital and
acquired cervical spine disorders.
More is being learned about the
rare and unusual disorders that
affect children and influence the
stability of the cervical spine.  With
increasing awareness of the natural
history of these disorders, it will be
possible to more effectively man-
age the issues related to the cervi-
cal spine in children.

References

1. Manak JR, Scott MP:  A class act: Con-
servation of homeodomain protein
functions.  Development 1994;suppl:
61-71.

2. Subramanian V, Meyer BI, Gruss P:
Disruption of the murine homeobox
gene Cdx1 affects axial skeletal identi-
ties by altering the mesodermal ex-
pression domains of Hox genes.  Cell
1995;83:641-653.

3. Sullivan JA:  Fractures of the spine in
children, in Green NE, Swiontkowski
MF (eds):  Skeletal Trauma in Children.
Philadelphia:  WB Saunders, 1994, vol
3, pp 283-306.

4. Ogden JA:  Radiology of postnatal
skeletal development:  XI. The first
cervical vertebra.  Skeletal Radiol 1984;
12:12-20.

5. Ogden JA:  Radiology of postnatal
skeletal development:  XII. The second
cervical vertebra.  Skeletal Radiol 1984;
12:169-177.

6. Swischuk LE, Swischuk PN, John SD:
Wedging of C-3 in infants and chil-
dren: Usually a normal finding and not
a fracture.  Radiology 1993;188:523-526.

7. Nitecki S, Moir CR:  Predictive factors
of the outcome of traumatic cervical
spine fracture in children.  J Pediatr
Surg 1994;29:1409-1411.

8. Cattell HS, Filtzer DL:  Pseudosub-
luxation and other normal variations
in the cervical spine in children:  A
study of one hundred and sixty chil-
dren.  J Bone Joint Surg Am 1965;47:
1295-1309.

9. Grabb PA, Pang D:  Magnetic reso-

nance imaging in the evaluation of
spinal cord injury without radiograph-
ic abnormality in children.  Neuro-
surgery 1994;35:406-414.

10. Hensinger RN, Fielding JW:  The cer-
vical spine, in Morrissy RT (ed): Lovell
and WinterÕs Pediatric Orthopaedics, 3rd
ed. Philadelphia:  JB Lippincott, 1990,
pp 703-740.

11. Menezes AH, Ryken TC:  Cranio-
vertebral junction abnormalities, in
Weinstein SL (ed):  The Pediatric Spine:
Principles and Practice . New York:
Raven Press, 1994, vol 1, pp 307-321. 

12. Steel HH:  Anatomical and mechanical
considerations of the atlanto-axial
articulations [abstract].  J Bone Joint
Surg Am 1968;50:1481-1482.

13. Pueschel SM, Scola FH:  Atlantoaxial



Pediatric Cervical Spine Disorders

Journal of the American Academy of Orthopaedic Surgeons214

instability in individuals with Down
syndrome:  Epidemiologic, radio-
graphic, and clinical studies.  Pediatrics
1987;80:555-560.

14. Goldberg MJ:  Spine instability and the
Special Olympics.  Clin Sports Med
1993;12:507-515.

15. Beighton P, Craig J:  Atlanto-axial sub-
luxation in the Morquio syndrome:
Report of a case.  J Bone Joint Surg Br
1973;55:478-481.

16. Hensinger RN, DeVito PD, Ragsdale
CG:  Changes in the cervical spine in
juvenile rheumatoid arthritis.  J Bone
Joint Surg Am 1986;68:189-198.

17. Swischuk LE:  Anterior displacement
of C2 in children:  Physiologic or
pathologicÑA helpful differentiating
line.  Radiology 1977;122:759-763.

18. Williams CF, Bernstein TW, Jelenko C
III:  Essentiality of the lateral cervical
spine radiograph.  Ann Emerg Med
1981;10:198-204.

19. Caetano de Barros M, Farias W, Ata�de
L, Lins S:  Basilar impression and
Arnold-Chiari malformation: A study
of 66 cases.  J Neurol Neurosurg Psy-
chiatry 1968;31:596-605.

20. Nicholson JT, Sherk HH:  Anomalies
of the occipitocervical articulation.  J
Bone Joint Surg Am 1968;50:295-304.

21. Dubousset J:  Torticollis in children
caused by congenital anomalies of the
atlas.  J Bone Joint Surg Am 1986;68:
178-188.

22. Fielding JW, Hensinger RN, Hawkins
RJ:  Os odontoideum.  J Bone Joint Surg
Am 1980;62:376-383.

23. Canale ST, Griffin DW, Hubbard CN:
Congenital muscular torticollis: A
long-term follow-up.  J Bone Joint Surg
Am 1982;64:810-816.

24. Coventry MB, Harris LE:  Congenital

muscular torticollis in infancy: Some
observations regarding treatment.  J
Bone Joint Surg Am 1959;41:815-822.

25. Lee EH, Kang YK, Bose K:  Surgical
correction of muscular torticollis in the
older child.  J Pediatr Orthop 1986;6:
585-589. 

26. Hensinger RN, Lang JE, MacEwen GD:
Klippel-Feil syndrome: A constellation
of associated anomalies.  J Bone Joint
Surg Am 1974;56:1246-1253.

27. Pizzutillo PD, Woods MW, Nicholson
L:  Risk factors in Klippel-Feil syn-
drome.  Orthop Trans 1987;11:473.

28. Henrys P, Lyne ED, Lifton C, Salcic-
cioli G:  Clinical review of cervical
spine injuries in children.  Clin Orthop
1977;129:172-176.

29. Herzenberg JE, Hensinger RN,
Dedrick DK, Phillips WA:  Emergency
transport and positioning of young
children who have an injury of the cer-
vical spine: The standard backboard
may be hazardous.  J Bone Joint Surg
Am 1989;71:15-22.

30. Pang D, Pollack IF:  Spinal cord injury
without radiographic abnormality in
children: The SCIWORA syndrome.  J
Trauma 1989;29:654-664.

31. Bracken MB, Shepard MJ, Holford TR,
et al:  Administration of methylpred-
nisolone for 24 to 48 hours or tirilazad
mesylate for 48 hours in the treatment
of acute spinal cord injury: Results of
the Third National Acute Spinal Cord
Injury Randomized Controlled TrialÑ
National Acute Spinal Cord Injury
study.  JAMA 1997;77:1597-1604.

32. Fielding JW, Hawkins RJ:  Atlanto-
axial rotatory fixation (fixed subluxa-
tion of the atlanto-axial joint).  J Bone
Joint Surg Am 1977;59:37-44.

33. Fielding JW, Cochran G van B,

Lawsing JF III, Hohl M:  Tears of the
transverse ligament of the atlas: A clin-
ical and biomechanical study.  J Bone
Joint Surg Am 1974;56:1683-1691.

34. Crawford AH:  Operative treatment of
spine fractures in children.  Orthop
Clin North Am 1990;21:325-339.

35. Martich V, Ben-Ami T, Yousefzadeh
DK, Roizen NJ:  Hypoplastic posterior
arch of C-1 in children with Down syn-
drome: A double jeopardy.  Radiology
1992;183:125-128.

36. Dormans JP, Criscitiello AA, Drum-
mond DS, Davidson RS:  Complica-
tions in children managed with immo-
bilization in a halo vest.  J Bone Joint
Surg Am 1995;77:1370-1373.

37. Lonstein JE:  Post-laminectomy kypho-
sis.  Clin Orthop 1977;128:93-100.

38. Francis WR Jr, Noble DP:  Treatment
of cervical kyphosis in children.  Spine
1988;13:883-886.

39. Koop SE, Winter RB, Lonstein JE:  The
surgical treatment of instability of the
upper part of the cervical spine in chil-
dren and adolescents.  J Bone Joint Surg
Am 1984;66:403-411.

40. Dormans JP, Drummond DS, Sutton
LN, Ecker ML, Kopacz K:  Occipital
cervical arthrodesis in children: A
new technique and analysis of results.
J Bone Joint Surg Am 1995;77:1234-
1240.

41. Stabler CL, Eismont FJ, Brown MD,
Green BA, Malinin TI:  Failure of pos-
terior cervical fusions using cadaveric
bone graft in children.  J Bone Joint
Surg Am 1985;67:371-375.

42. McGrory BJ, Klassen RA:  Arthrodesis
of the cervical spine for fractures and
dislocations in children and adoles-
cents: A long-term follow-up study.  J
Bone Joint Surg Am 1994;76:1606-1616.


	Abstract
	Developmental Anatomy
	Radiographic Evaluation
	Congenital Anomalies
	Basilar Impression
	Occipitocervical Synostosis
	Unilateral Absence of C1
	Odontoid Anomalies
	Congenital Muscular Torticollis
	Klippel-Feil Syndrome
	Trauma
	Atlantoaxial Rotary Displacement
	Fractures and Dislocations
	Other Disorders With Common Cervical Spine Involvement
	Halo Immobilization
	Complications of Surgical Management
	Bone Graft and Posterior Arthrodesis
	Summary
	References
	JAAOS Home Page
	Table of Contents
	Search
	Help


