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Developmental abnormalities of the cervical
spine vary widely and are usually found as sporadic

isolated cases. Others are found as part of a multi-
organ-system syndromic anomaly. Many of these
anomalies are asymptomatic and go undetected,
but several types may result in biomechanical

instability or compress neurologic structures, and
thus place a patient at risk for neurologic injury or
chronic pain from deformity. Identifying the le-

sions with significant clinical implications is im-
portant not only for treatment of themalformation
itself but because theymay be associated with other

spinal and nonspinal faults of development. Here,
the authors discuss the various congenital abnor-
malities and their clinical relevance.

Epidemiology of congenital disorders

Because many congenital abnormalities of the

cervical spine are asymptomatic, the true inci-
dence is likely largely underreported. It is esti-
mated that up to 5% of fetuses have vertebral

anomalies [1]. Indeed, the true incidence of even
a relatively common congenital disorder of the
cervical spine, Klippel-Feil syndrome (KFS), is

unknown because of the asymptomatic nature of
the disease and a lack of other consistent anoma-
lies [2]. Some authors have reported that congen-

ital anomalies of the cervical spine occur in
approximately 1 in 40,000 to 42,000 births, with
a slight female predominance [3,4].

The prevalence of congenital fusions of sub-

axial cervical vertebrae has been reported to be
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0.71% on the basis of the study of skeletal
specimens [5]. Congenital fusions can occur at

any level of the cervical spine, although 75% oc-
cur in the region of the first three cervical verte-
brae. Lower cervical fusions may occur in
association with certain syndromes. Fetal alcohol

syndrome has been associated with congenital
neck fusions in up to 50% of patients affected
by the disorder [4].

Although many developmental abnormalities
of the cervical spine are asymptomatic and in-
cidental, those that may require treatment, such as

associated instability or spinal canal stenosis,
must be recognized for appropriate care. These
are the focus of this review.

Upper cervical spine abnormalities

The upper cervical spine is anatomically and
biomechanically distinct from the remainder of
the subaxial spine. Unlike the subaxial spine, in
which axial weight is transferred primarily

through the vertebral body, in C1 and C2, the
weight of the skull is transferred by means of the
occipital condyles to the lateral masses. There are

no intervertebral discs at these levels. The primary
motion at the occiput-C1 joint is flexion or
extension (40%–50% of total flexion or exten-

sion), whereas the primary motion at C1 to C2 is
rotation (40%–50% of total rotation). Several
developmental abnormalities may occur at the
craniovertebral junction.

Malformations of the occipital condyles

Anomalies of the occipital condyles are rare,
and there have been few case reports in the
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literature. The proatlas, which is the fourth
occipital sclerotome, eventually gives rise to the
anterior rim of the foramen magnum and the

occipital condyles. A third condyle is sometimes
present in the midline (condylus occipitalis) [6].
Condylus occipitalis is usually a benign anomaly
found at autopsy. Kotil and Kalayo [7] presented

the only known case report of a 40-year-old
woman with progressive myelopathy caused by
this anomaly. Abnormally enlarged condyles

have been reported. Halanski and colleagues [8]
described a 22-month-old boy with torticollis
who incurred a C1 fracture after a fall. Imaging

revealed a large ipsilateral occipital condyle,
termed a coconut condyle by the authors, who
believed that this anomaly predisposed the patient
to his fracture. Recently, Ohaegbulam and

colleagues [9] presented a similar case of 10-year-
old myelopathic girl with bilateral occipital
condylar hyperplasia. The condyles were ade-

quately resected through a midline dorsal
approach.

Occipitalization of the atlas

Occipitalization of the atlas, which occurs in
approximately 0.25% of the population, is char-

acterized by fusion of the occiput to the atlas [10].
It can be complete, partial, unilateral, and bony or
fibrous [11]. It is generally defined as a failure of
segmentation between the last (fourth) occipital

and first cervical sclerotomes. The condition has
been associated with various syndromes, including
achondroplasia, spondyloepiphyseal dysplasia,

Larsen syndrome, and Morquio syndrome. Al-
though it may be isolated, it usually occurs in con-
junction with other anomalies, such as congenital

fusion of the second and third cervical vertebrae,
basilar invagination, Chiari I malformation, and
KFS [12,13]. The original description of occipital-

ization of the atlas indicated that the atlas and oc-
ciput were fused anteriorly with hypoplastic or
anomalous posterior atlantal elements in most
cases [10,14]. Many of the afflicted patients were

symptomatic, likely from instability attributable
to a weakened or absent transverse atlantal liga-
ment [15]. Symptoms described in these patients

include weakness, numbness, or pain in the upper
extremities with associated upper motor neuron
signs, including hyperreflexia and spasticity. Clin-

ically, these patients may present with a low hair-
line, restricted neck movements, and a short neck,
all of which are also associated with KFS [12,16].
With assimilation of the atlas, the atlantoaxial
segment can be abnormally taxed and can become
unstable. This can then be followed by a reducible

form of basilar invagination. During this time,
pannus can develop around the odontoid process
as the body tries to limit the amount of movement
here. As the patient ages, the lesion becomes

irreducible (usually when the child is older than
14 years of age) [17].

Treatment of occipitalization of the atlas is

variable. In the case of an anterior arch of C1
fused to the occiput without associated translation
of C1 relative to C2 (which may indicate an

incompetent transverse ligament), the posterior
elements of C1 can be resected. Associated
atlanto-occipital or atlantoaxial instability should
be treated with internal fixation and fusion. The

first step is to determine whether atlantoaxial
subluxation or basilar invagination is reducible
by traction. If reduction is inadequate to reduce

the spinal cord compression when visualized on
MRI, ventral decompression, followed by fusion
and stabilization, is required. If the abnormality is

reducible, posterior stabilization alone is adequate
[18]. Techniques for these particular scenarios are
discussed elsewhere in this issue.

Atlantal anomalies

Various congenital anomalies affect the atlas.
Patients with Down syndrome with occipitocer-

vical instability have an absence of the concave C1
superior articular surface [19]. The arch can be
fused to C2 or can be completely absent, or there

may be a hemiring [20,21]. Various defects of the
ring of C1 have been described, with posterior de-
fects being much more common than anterior de-

fects (Fig. 1) [22,23]. Anterior or posterior ring
anomalies can often be misread as fractures on
plain films, but evaluation using CT can delineate

the difference [24]. These anomalies are usually
without any clinical consequence, although they
are sometimes associated with other anomalies
or may themselves cause myelopathy [25,26]. If

the defects result in hemirings, these can ‘‘spread’’
as the child develops (ie, the opening in the ring
enlarges as the two hemirings migrate laterally),

which can lead to progressive deformity, pain,
basilar invagination, and myelopathy (Fig. 2). A
well-described phenomenon of congenital partial

aplasia of the posterior arch of the atlas has
been described [27–30]. In this condition, a bony
defect of the posterior arch of C1 is replaced
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with a dense fibrous band that is mobile and can

repeatedly traumatize the posterior spinal cord.
Another well-described anomaly of the atlas

that often causes progressive myelopathy is hypo-
plasia of the posterior arch [31–33]. In this condi-

tion, the posterior arch is abnormally small and
the lamina is often bifid and turned inward [34],
effectively decreasing the space available for the

spinal cord. Interestingly, many patients do not
present to medical attention with symptoms until
later in life [35–38]. Treatment consists of simply

removing the posterior arch.
The arcuate foramen, or posticus ponticus,

represents anomalous ossification of the postero-

lateral surface of the atlas that creates complete
bone encirclement of the vertebral artery. This is
usually of no importance except in patients who
need instrumentation of C1, particularly lateral

Fig. 1. Classification of posterior arch defects of the at-

las. Type A: failure of posterior midline fusion with

a small gap remaining. Type B: unilateral clefts. Defects

may range from a small gap to complete absence of the

hemiarch. Type C: bilateral defects with preservation of

the most dorsal part of the arch. Type D: complete ab-

sence of the posterior arch with a persistent isolated tu-

bercle. Type E: complete absence of the entire posterior

arch, including the posterior tubercle. (From Currarino

G, Rollins N, Diehl JT. Congenital defects of the poste-

rior arch of the atlas: a report of seven cases including an

affected mother and son. AJNR Am J Neuroradiol

1994;15:253. Copyright � 1994 by American Society of

Neuroradiology.)
mass screws. Identification of this anomaly is

important to prevent vertebral injury during
placement of the screws [39].

Achondroplasia

Achondroplasia deserves special mention be-

cause of its significant association with craniocer-
vical deformities. Although most cases are
sporadic, a familial form is transmitted in an
autosomal dominant fashion and is linked to the

fibroblast growth factor receptor-3 gene [40]. Neu-
rologic symptoms, including irregular respiratory
patterns, may be seen in up to 85% of achondro-

plastic newborns [41,42]. The rate of sudden in-
fant death in these children is significantly higher
than that of the general population [43]. A nar-

rowed foramen magnum and upper cervical steno-
sis may be seen with CT imaging in most patients
[44,45]. The rate of growth of the foramen mag-

num is slowed during the first year of life, and
this results in compression at the cervicomedullary
junction (Fig. 3) [46]. Thus, the treatment for
these patients includes suboccipital decompression

and duraplasty to accommodate the lower brain
stem and upper spinal cord. Subaxial cervical ste-
nosis has also been associated with achondropla-

sia and is usually treated with laminectomy [47].

Basilar invagination

This condition is characterized by encroach-
ment of the foramen magnum by the upper

cervical spine, usually the odontoid process. The
lower brain stem may be severely impacted by the
dens because it is positioned aberrantly through

Fig. 2. Posterior view of a CT-derived three-dimen-

sional model from a 2-year-old boy with multiple con-

genital anomalies, including a hemiring of C1. Note

the ‘‘spreading’’ of the lateral masses of C1 compared

with the superior articulating facet of C2 (red arrow).
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Fig. 3. (A) Compression at the craniocervical junction in achondroplasia. The white arrow indicates the area of com-

pression of the cervicomedullary junction with signal changes in the spinal cord in this T2-weighted MRI scan. (B) An-

other example of cervicomedullary junction compression depicted with sagittal and coronal CT reconstructions (A) and

pre- and postoperative MRI scans (B). In this 22-month-old boy who presented with apnea, aspiration pneumonia, and

generalized hypotonicity, there was an unusual overgrowth of the opisthion ventral to the posterior ring of C1 (red cir-

cle). Note the degree of spinal cord compression with T2-hyperintense signal change before surgery. After bony resection

only (red arrow), there is cerebrospinal fluid now ventral to the cord.
the foramen magnum and into the posterior fossa.
Primary or true congenital basilar invagination is
associated with other abnormalities, including

atlanto-occipital fusion, hypoplasia of the atlas,
hemirings of C1 with ‘‘spreading’’ of the lateral
masses, odontoid abnormalities, KFS, and achon-

droplasia. Condylar hypoplasia elevates the posi-
tion of the axis and atlas and often leads to basilar
invagination. Acquired basilar invagination, or
basilar impression, is caused by softening of the

bone at the base of the skull as a result of
degenerative disorders, such as Paget’s disease of
bone; osteogenesis imperfecta; Hurler syndrome;

and severe rheumatoid arthritis or osteoarthritis,
tumors, or infection.

The developmental cause of primary basilar

invagination may be an insufficient amount of
paraxial mesoderm, leading to underdevelopment
of the occipital somites, subsequent shortening of
the clivus, and an enlargement of the foramen

magnum in the anteroposterior dimension [48].
During chondrification of the odontoid process,
the cartilaginous dens may transiently reach into

the foramen magnum [49]. Normally, the odon-
toid process descends to its normal position under
the foramen magnum in the fetal period, but if

this is incomplete, basilar invagination may result.
Generally, basilar invagination can be defined

by the amount of protrusion of the odontoid
process through the foramen magnum. A general
rule of thumb is that basilar invagination should
be suspected if the C1-2 facet complex cannot be

adequately visualized on a normal open-mouth
anteroposterior view of the upper cervical spine.
Several different methods to diagnose basilar

invagination have been described. Common
methods include use of the Chamberlain line,
McRae line, or McGregor line (Fig. 4). All are
based on lateral radiographs of the cervical spine.

The Chamberlain line is drawn between the opis-
thion to the posterior aspect of the hard palate.
The McGregor line is drawn from the posterior

aspect of the hard palate to the base of the fora-
men magnum. The McRae line is drawn from
the anterior to the posterior rim of the foramen

magnum. Because The McRae line defines the
opening of the foramen magnum, an odontoid
process that projects above this line is likely to in-
duce symptoms. McRae and Barnum [10] re-

ported that a reduction of the opening of the
foramen magnum to less than 19 mm was likely
to produce neurologic deficits. Although plain ra-

diographs have their utility as screening methods,
the best imaging modality is MRI because it pro-
vides clinically useful information, such as the de-

gree of impingement of neural structures.
Childrenwith basilar invagination often present

with a short neck and a limited painful range of
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Fig. 4. The various methods (craniometry) used to assess basilar invagination, including the Wackenheim line, Cham-

berlain line, McRae line, height index of Klaus, and spinous interlaminar line.
motion. Basilar invagination has recently been

separated into twodistinct subtypes [50]. Inonesub-
type, patients had only the radiographic finding of
basilar invagination; in the other subtype, patients
also had an associated Chiari I malformation.

Symptoms are highly variable and often do not be-
come apparent until the second or third decade of
life. Symptoms may also be elicited by minor

trauma. Patients may often present with muscle
weakness,neckpain,posterior columndysfunction,
and paresthesias [50]. Common presenting signs in-

clude localized torticollis, limited neck mobility,
a low hairline, and a webbed and short neck [50].

Treatmentofbasilar invaginationusually begins
with the use of traction. This maneuver can reduce

the compression of the neural structures by the
odontoid (Fig. 5). Once the impression is reduced,
a posterior occipitocervical stabilization procedure

can be performed to maintain the reduction. If the
invagination cannot be reduced, a transoral decom-
pression, followed by a posterior occipitocervical

fusion,maybe required. Patientswith anassociated
Chiari decompression may benefit from foramen
magnum decompression with duraplasty, and

a few require a stabilization procedure [50].

Iniencephaly

Iniencephaly consists of congenital cervical

synostoses, fixed retroflexion or hyperextension
of the head, severe cervical lordosis, and incom-
plete posterior neural closure (occipital defect or
cervical spina bifida) [51–53]. Many patients with

iniencephaly now survive into adulthood, but they
are often incapacitated by cervical lordosis and
hyperextension of the head. Treatment of this
condition has included suboccipital release, grad-

ual flexion of the head over several weeks in

Fig. 5. MRI scan shows severe compression of the brain

stem from basilar invagination.



468 KLIMO et al
a halo brace, and occipitocervical fusion to main-
tain the correction [54].

Posterior C2 arch anomalies

Although they are less common than defects of

C1, posterior C2 arch defects often are more
problematic. The reason for this is that they
must be differentiated from traumatic spondylolis-
thesis, or hangman’s fractures. In addition, frac-

tures may be confused with a persistent
neurocentral synchondrosis, so-called ‘‘primary
spondylolysis’’ [55,56]. The neurocentral syn-

chondrosis, which is the cartilaginous structure
that joins the body of the axis to the two posterior
centers of ossification, appears at birth and os-

sifies between 3 and 6 years of age but may persist
and lead to confusion. If there is no sclerosis of
the fragments that separate on flexion and the

posterior arch of C2 is not malformed or underde-
veloped, the defect likely represents a fracture [57].

Dysplastic or hypoplastic posterior arches of
C2 may cause myelopathy. The clinical and

radiographic picture is similar to that of a hypo-
plastic posterior arch of C1 in that the arch is
often bifid and invaginating into the spinal canal,

many patients present in adulthood, and treat-
ment entails performing a laminectomy [58–60].

Anomalies of the odontoid

Congenital abnormalities of the second cervi-
cal vertebra often involve some malformation of

the odontoid process. The degree to which the
odontoid process may be affected ranges from
hypoplasia to complete aplasia [16,61]. The resul-

tant clinical picture may be one of atlantoaxial in-
stability because of the fact that the normal
anatomic and biomechanical complexes involving

the transverse cruciate ligament and an intact
odontoid process are not present. The true inci-
dence of anomalies of the axis is unknown, but

these anomalies are seen in association with
Down syndrome, Morquio syndrome, and a vari-
ety of other skeletal dysplasias.

Os odontoideum is described as dissociation

between the body of C2 and the dens, such that
a disconnected ossicle takes the place of an intact
odontoid process (Fig. 6). This should be differen-

tiated from ossiculum terminale persistens, a con-
dition whereby the tip of the dens, the ossiculum
terminale, fails to fuse with the remainder of the

dens. The ossiculum terminale usually is firmly
bound to the main body of the dens by cartilage,
and is consequently seldom the source of
instability. Some believe that an os terminale be-
comes an os odontoideum when it enlarges in as-
sociation with hypoplasia of the dens [57].

Historically, controversy existed regarding the
cause of os odontoideum. Some authors favored
a congenital cause, whereas others postulated
that minor trauma in early childhood resulted in

disruption of the vascular supply of the develop-
ing dens, causing it to dissociate from the axis
[62–64]. Currently, most authors favor the latter

explanation, as a chronic nonunited fracture of
the odontoid process.

Patients with atlantoaxial instability from con-

genital malformations of the odontoid are at risk
for significant neurologic injury. Many patients
present with neck pain and headache from the
instability, but instances of myelopathy and

transient quadriparesis from minor trauma have
been reported. If instability is suspected, dynamic
imaging with flexion or extension films should be

obtained. MRI should also be obtained to evalu-
ate the spinal cord. Treatment for atlantoaxial
instability resulting from os odontoideum or

a maldeveloped odontoid process usually requires
posterior stabilization. The highest success rates
have been achieved with a C1-2 transarticular

screw fixation method [65]. Some authors have
also argued that even in the setting of asymptom-
atic instability, patients should undergo a fusion
procedure, because even minor trauma may result

in significant neurologic injury [66].

Subaxial spine abnormalities

Klippel-Feil syndrome

Perhaps the most commonly encountered con-
genital malformation of the cervical spine is KFS.

In 1912, Klippel and Feil [67] reported the case of
a patient with a short neck, a low hairline, and
limited neck mobility (Fig. 7). At autopsy, the pa-

tient was found to have a spine consisting of only
12 discernible vertebrae. Although the triad of
characteristics described is considered classic for
the syndrome, it is now recognized that fewer

than 50% of patients with congenital fusion of
the cervical spine have all three signs [3]. The
term Klippel-Feil syndrome refers to any congeni-

tal fusion of the cervical spine, with or without
the classic triad, and is now commonly diagnosed
in those patients with a congenital fusion of two

or more cervical vertebrae (Fig. 8) [68]. The true
incidence is impossible to know, but it is estimated
that it occurs in approximately 1 in 40,000 to
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Fig. 6. Os odontoideum. Lateral radiograph (A), and CT coronal (B) and sagittal (C) reconstructions clearly show the

disconnection of the dens from the body of C2 (red arrow).
42,000 births [3,69]. Several other abnormalities
associated with KFS include congenital scoliosis,
rib abnormalities, deafness, genitourinary abnor-

malities, Sprengel deformity, synkinesia, cervical
ribs, and cardiovascular abnormalities [2,70–72].

The identification of a cause of KFS is

complicated by the variable clinical presentation.
In general, the syndrome is thought to result from
the mutation or aberrant expression of genes

involved in sclerotomal segmentation [73,74]. At
least three distinct genetic forms of KFS have
been described in the literature, each with associ-

ated birth defects [3]. An association with a muta-
tion in the fibroblast growth factor receptor-3
gene in patients with autosomal dominant coronal
synostosis, dysmorphic vertebrae and ribs, and

Sprengel deformity has been described [75]; how-
ever, a similar phenotype has been observed with-
out this particular mutation [76]. Recent pedigree

analysis found that KFS and vocal cord impair-
ment segregated with a paracentric inversion of
chromosome 8q.
KFS has been characterized by several differ-
ent classification schemes. In 1919, Feil divided
the syndrome into three types on the basis of the

site and extent of the congenital fusion. Type I
described patients with fusion of cervical and
upper thoracic vertebra. Type II described pa-

tients with only one or two cervical fusions. Type
III included patients with fused cervical vertebra
as well as lower thoracic or lumbar fusion. Some

clinical correlations have been made with each
type. Types I and III have shown a tendency
toward association with scoliosis, and these types

are typically inherited in an autosomal recessive
manner [69,76–78]. Type II (the most common
type) has been associated with other skeletal ab-
normalities, such as Sprengel deformity, and is

generally inherited in an autosomal dominant
fashion [76–78]. In general, however, this classifi-
cation scheme has not proven clinically useful. A

second scheme was used to describe three patterns
of potentially unstable fusions [71,79]. Type I is
characterized by fusion of C2 and C3 with



470 KLIMO et al
occipitalization of the atlas. Type II describes

a long cervical fusion with an abnormal craniocer-
vical junction. Type III describes two segments of
block fusion separated by a single nonfused inter-
space. Type III was thought to be the most sus-

ceptible to instability because of the theoretic
strains on the nonfused interspace, but long-
term clinical data have not confirmed this. Other

authors have correlated various KFS deformities
with dynamic imaging to create a classification
scheme [80]. These authors showed that patients

with hypermobility of the upper cervical spine

Fig. 8. Lateral radiograph of the cervical spine shows

multiple cervical fusions in KFS.

Fig. 7. Photograph of a patient with KFS. Note the

short webbed neck and low-lying hairline.
were at the greatest risk of neurologic sequelae,
whereas patients with hypermobility of the lower
cervical spine were at higher risk for progressive

degenerative disc disease. The most recent classifi-
cation (reviewed by Tracy and colleagues [3]) sep-
arates KFS into four classes and incorporates the
mode of inheritance [81]. Fusions at C1 with or

without associated caudal fusions are Klippel-
Feil type 1 (KF1) with an autosomal recessive in-
heritance pattern. KF1 is most often associated

with other anomalies. KF2 describes patients
with fusions no higher than C2-3. These patients
have an autosomal dominant inheritance pattern

and 100% penetrance of the C2-3 fusion. KF3 is
defined as congenital fusions caudal to C2-3 and
has autosomal recessive or dominant inheritance.
KF4 is described as synonymous with Wilder-

vanck syndrome, which is characterized by con-
genital cervical fusion, congenital hearing loss,
and the Duane anomaly. It is thought to have

an X-linked dominant inheritance pattern and is
hemizygous lethal.

As mentioned previously, the classic triad of

KFS is seen in fewer than 50% of patients. The
most common clinical presentation of KFS is
limited range of motion, particularly lateral bend-

ing. If fewer than three cervical vertebrae are
fused, however, motion of the cervical spine may
appear normal, because adjacent levels may com-
pensate. Thus, patients with extensive neck fu-

sions may present at an earlier age. Similarly,
patients with higher fusions near the cranioverte-
bral junction often present earlier (Fig. 9): pa-

tients with C1-2 fusions often present with pain
in childhood, whereas those with lower cervical
fusion present in the second or third decade of

life or later, when symptomatic junctional degen-
eration develops [82]. Torticollis or neck webbing
is seen in only 20% of patients with KFS [71,83–
85]. Torticollis is not specific to any particular cer-

vical spine anomaly. It may be a manifestation of
a muscular condition or bony abnormalities [86].
Hemivertebra of the atlas is often seen in associa-

tion with torticollis. Other conditions are associ-
ated with torticollis as well, including posterior
fossa tumors, infections, and cervicothoracic sco-

liosis. In patients with severely limited neck mobil-
ity and a low posterior hairline, iniencephaly
should be suspected.

Several other clinical presentations are associ-
ated with KFS. Facial asymmetry, such as that
seen in the congenital craniosynostosis syndromes
of Crouzon and Apert, may be associated with

cervical spine anomalies [87]. Other associated
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syndromes include Wildervanck, Rokitansky-
Kuster-Hauser, or Goldenhar syndrome. Hearing
loss can be present in up to 30% of patients with
KFS, and hearing should be evaluated formally if

the diagnosis is suspected [84,85]. Deafness may
be the result of ankylosis of the ossicles, footplate
fixation, an absent external auditory canal, or sen-

sorineural hearing loss [88,89].
Numerous musculoskeletal anomalies are as-

sociated with KFS, with the most common being

scoliosis (usually congenital), which occurs in up
to 60% of patients. Sprengel deformity, a congen-
ital elevation of the scapula, can be seen in 20% to

35% of patients with KFS. It is thought to arise
from failure of descent of the scapula from the
first embryologic cervical level to its normal
position, just caudal to the first rib [90]. The

time of descent coincides with cervical somite re-
segmentation, implying a connection between an
anomalous scapular descent and aberrant fusion

of cervical vertebral bodies. Other musculoskele-
tal anomalies include cervical ribs, rib anomalies,
and hemivertebrae.

Cardiovascular abnormalities are reported to
occur in up to 14% of patients with KFS. A
ventricular septal defect, independently or in
combination with other cardiac defects, is the

Fig. 9. Sagittal reconstruction CT scan shows congen-

tial fusion of C2 and C3 in a young patient with KFS.
most common associated abnormality [91,92].
Some authors recommend a baseline echocardio-
gram, especially for those patients undergoing
surgery.

Various neurologic disturbances may be seen
in patients with KFS. These include developmen-
tal abnormalities of the central nervous system,

such as brain stem malformations; myelopathy as
a result of long-standing spinal cord compression;
radiculopathy as a result of nerve root irritation;

and nonspecific symptoms of headache, weakness,
and numbness. An unusual but not uncommon
associated neurologic sign is synkinesis. This is

a condition in which involuntary mirrored mo-
tions, primarily in the upper extremities, are
observed. Although it may be seen in normally
developed children, up to 20% of patients with

KFS exhibit the condition [93,94]. Its cause is un-
known, but autopsy results of two patients with
KFS and synkinesia showed an incomplete pyra-

midal decussation. Synkinesia is generally effec-
tively treated with occupational therapy, and the
condition often subsides as the patient ages.

Genitourinary abnormalities are also associ-
ated with KFS. Up to 64% of patients have some
defect in the genitourinary pathway, with the most

common manifestation being unilateral renal
agenesis [71,95,96]. The renal system begins its de-
velopment at 28 to 30 days of embryologic life. An
insult to the developing embryo between the

fourth and eighth weeks of life may result in
anomalies of the genitourinary system as well as
those related to resegmentation of cervical so-

mites. Other renal anomalies include malrotation
of the kidney, absence of both kidneys, ureteral
agenesis, hydronephrosis, and other malforma-

tions of the kidney [97–99]. Patients with KFS
should receive an ultrasound scan of the renal sys-
tem. Intravenous pyelography is suggested for pa-
tients with an abnormality detected on ultrasound

or an inconclusive ultrasound study [95].
Abnormalities noted in the renal system may

point to abnormalities of the reproductive system,

particularly in women. An absent vagina, uterus,
or ovaries have all been reported in association
with KFS [97,100,101]. Male reproductive abnor-

malities, including dysplastic or undescended tes-
tes, have also been reported. In general, if
abnormalities of the renal system are identified,

a thorough ultrasonographic examination of the
reproductive system should be performed as well.

Imaging of the cervical spine is important
for an accurate diagnosis. Routine plain radio-

graphy consisting of anteroposterior, lateral, and
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Fig. 10. Lateral (A) and anteroposterior (B) radiographs show spondylolysis of C6. On the lateral image, the black ar-

row shows the corticated cleft dividing the lateral masses, resulting in a small amount of anterolisthesis (gray arrow). The

anteroposterior radiograph clearly shows the bilateral corticated clefts (arrows) and spina bifida occulta (o). (From

Schwartz JM. Case 36: bilateral cervical spondylolysis of C6. Radiology 2001;220:192; with permission.)
open-mouth odontoid views is a useful initial

study because it can be used to identify an obvious
congenital fusion or cervical stenosis quickly.
Flexion and extension views provide a dynamic

snapshot of the cervical spine and can identify
stability of the atlanto-occipital, atlantoaxial, and
subaxial joints. In children younger than 8 years
of age, radiography of the cartilaginous spine can

be difficult to interpret. Patients with antero- or
retrolisthesis of cervical vertebral bodies may have
instability, although pseudosubluxation of C2 on

C3 or C3 on C4 is physiologically normal in
children [102–104]. Juvenile rheumatoid arthritis
can mimic KFS, although additional clinical in-

formation easily distinguishes the two conditions
[69].

MRI should be used in the setting of suspected

compromise of the brain stem or spinal cord.
Sagittal MRI allows for determination of the
anteroposterior dimension of the spinal canal.
Additionally, MRI allows for detection of other

central nervous system lesions, such as syringo-
myelia, tethered cord, diastematomyelia, and
Chiari malformation [3,105]. In addition to the
imaging modalities that are useful for screening

for associated systemic abnormalities (eg, renal ul-
trasound), further imaging of the thoracic and
lumbar spine is warranted in patients with KFS

because they may have abnormalities in these re-
gions, such as scoliosis [69].

Treatment for KFS depends on the nature of
the pathologic findings. Because many patients

are asymptomatic throughout life, treatment must
be individualized. Patients who are asymptom-
atic, have stable fusion patterns, and have an

adequate spinal canal diameter may never develop
symptoms [68,106]. Although many patients pres-
ent with minor symptoms, it should be recognized

that minor traumatic events have resulted in cat-
astrophic spinal cord injuries leading to tetraple-
gia or even death [106–116]. For patients with

atlanto-occipital instability, a technique for occi-
pitocervical fusion should be used. Atlantoaxial
instability is best approachedwithC1-2 transarticu-
lar screw fixation techniques. The operative de-

tails for these techniques are described elsewhere
in the text. Patients with subaxial instability typi-
cally do not present with neurologic symptoms
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Fig. 11. Lateral radiograph (A) and sagittal CT scan (C) depict the ‘‘buckling’’ deformity of the neck with the spinal

cord being compressed ventrally as shown in the sagittal MRI scan (B). The absence of an osseous bridge between

the anterior and posterior elements and the enlarged and abnormally shaped foramen transversarium are seen in the

axial CT scans (D, E).
but may have significant degenerative disc disease.

These patients may be successfully treated with dis-
cectomy and fusion. Cervical stenosis is generally
treated with posterior decompression and fusion
if necessary [117,118].

Miscellaneous disorders

A variety of formation-segmentation anoma-

lies can occur in the cervical spine as they do in
other parts of the spine. These include midline
vertebral body clefts, sagittal and coronal hemi-

vertebrae, hypoplasia or complete absence of
a vertebra, absence of a pedicle, and block
vertebrae (most commonly between C2 and C3).

Cervical spondylolysis is a rare congenital

spinal anomaly. It is defined as a cleft between
the superior and inferior articular facets of the
articular pillar or lateral mass, the cervical equiv-

alent of the pars interarticularis of the lumbar
spine (Fig. 10) [119,120]. Previously, cervical
spondylolysis has only been described in adults

[121,122]. Characteristic radiographic findings in-
clude well-corticated margins at the defect, a char-
acteristic ‘‘bow-tie’’ deformity, and ipsilateral
dysplastic facets. Compensatory hypertrophic

changes of the adjacent articular processes, spina
bifida, and spondylolisthesis are frequently but
not always seen [123]. Cervical spondylolysis
most commonly occurs at a single level (the

most common level is C6), but several cases of
multilevel involvement have been reported
[120,124–128].

Recently, an osseous disconnection between the
anterior and posterior elements resulting in a se-
vere kyphotic deformity and myelopathy has been

described (Fig. 11) [129]. This has been described
as congenital multilevel cervical disconnection
syndrome. Patients with this disorder were treated
with extensive anterior and posterior reduction,

decompression, reconstruction, and stabilization
or fusion procedures. It is hypothesized that this
anomaly is a result of a failure of connecting chon-

drification centers to form (Fig. 12).

Summary

Developmental anomalies of the cervical spine
vary widely. The development of the cervical spine
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Fig. 12. The normal chondrification and ossification stages of spinal embryogenesis. The anomaly is attributable to im-

proper fusion of chondrification or ossification centers.
depends on the interaction of several complicated
genetic pathways. An alteration of these pathways

may result in a malformation of the cervical spine,
many of which are the result of a failure of
segmentation of cervical somites. It is important
to recognize that some of these malformations

may be associated with other defects involving the
cardiovascular, neurologic, renal, and reproduc-
tive systems.

The true incidence of these disparate anomalies
is not known for certain, partly because of their
frequent asymptomatic nature. Identifying the

symptomatic anomalies requires adequate imaging.
Patients may present with abnormalities as simple
as two congenitally fused vertebrae requiring no
treatment or as complex as craniocervical instabil-

ity requiring occipitocervical fusion. Recognizing
those congenital abnormalities that contribute to
an unstable cervical spine or critical spinal stenosis

may prevent a catastrophic spinal cord injury.
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