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Several deformities of the cervical spine causes disability. These include a variety of degenerative,
inflammatory, infectious, neoplastic, congenital, and traumatic diseases. The choice of treatment dictates a full
knowledge regdrding each disease and a through differential diagnosis. The aim of this manuscript is to review the

subaxial cervical spine deformities.
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INTRODUCTION

Subaxial deformities of the cervical spine affects
both children and adults. It can be due to degenerative,
inflammatory, traumatic, or neoplastic conditions in
the child and adult (Table 1). Biomechanically
cervical spine faces a variety of loadings. Subaxial
deformities tend to be progressive and needs surgical
correction. Some of these deformites (e.g., deformity
secondary to degenerative disc disease) develops
slowly, whereas others (e.g., trauma) develops
quickly. In most conditions, a correction and
stabilization should bc combined with a
decompression. An understaivling of cervical subaxial
deformities dictates understanding of cervical spine
biomechanics.

Table 1. The causes of subaxial deformities
Trauma
Degenerative disease
Tumors
Infections
Congenital deformities
latrogenic deformities
Post-laminectomy deformities
Post-irradiation deformities
Inflamatory disease
Ankylosing spondylitis
Rheumatoid arthritis
Neurofibromatosis
Rare causes of subaxial deformity
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Biomechanical aspects of cervical spine:

The initial curve of the spine is kyphotic. This
kyphotic curvature remains in thoracic and sacral
spine. To maintain sagittal balance, the normal
cervical and lumbar spines become lordotic. The
sagittal vertical axis passes through the middle of C1
and T1. Because of lordotic curvature, this axis passes
dorsal to cervical spine vertebral bodies. A normal
cervical spine sagittal alignment was reported —14.4°
in the subaxial cervical spine (3). A decrease in
cervical lordosis means straighthening or
hypolordosis, and a revearse cervical curvature means
kyphosis. All cervical osseo-ligamentous structures
and musculature play important role in the cervical
spine biomechanics. Cervical spine intervertebral discs
and facet joints have determinant role for cervical
spine stability. The ventral structures resist
compressive forces, whereas the dorsal structures
resist tensile forces (1, 18). Damage of either can
change cervical spine sagittal balance, and may lead to
subaxial deformities.

Conditions resulting in subaxial deformity:

Trauma

A variety of subaxial cervical trauma may cause
deformity. These can be classified into 4 main groups,
including; 1) flexion-dislocation; 2) flexion—
compression; 3) compression-burst, and 4) extension
injuries (1, 5, 22).

The most unstable form of subaxial traumas are
flexion dislocations. They make up over 50% of all
cervical injuries. A pure flexion injury leads to



2 Naderi, et al.

Joumal of Turkish
Spinal Surgery

bilateral locked facet syndrome, whereas a
combination of flexion and rotation leads to unilateral
locked facet syndrome. This condition is associated
with an intervertebral disc herniation as well as
unilateral or bilateral facet capsule disruption.
According to Nieminen, there is instability in almost
50% of patients with bilateral facet subluxation (5).

Flexion compression injuries lead to loss of less
than 50-60% of the height of the vertebral body. The
presence of vertebral body height loss greater than
30%, as well as the presence of dorsal ligamentous
injury may be associated with instability and needs to
be stabilized.

Compression burst fractures are secondary to axial
loadings and are often unstable. The intrusion of bony
fragments into the spinal canal dictates decompression
and stabilization.

Extension injuries are secondary to dorsal directed
forces and may cause dorsal rotation and/or
translocation of the cervical vertebrae. In the
hyperextension dislocation or sprain anterior
longitudinal ligament and ventral disc disruption is
common. The compression of dorsal elements may
lead to laminar fractures. The management of simple
hyperextension dislocations without neurological
deficit is uvsually symptomatic. A severe form of
hyperextension injuries, a hyperextension
fracture—dislocation is commonly associated with
injury of all dorsal elements, including articular
masses, pedicles, laminae, and spinous process and is
very unstable.

Posttraumatic subaxial deformities may be rarely
seen many days after trauma despite the presence of
normal radiographs at early posttraumatic stage (31).

Degenerative disease

Degenerative disease of the subaxial spine (e.g.,
cervical spondylotic myelopathy) may cause
degeneration of both ventral and dorsal elements of
subaxial cervical spine. Degeneration of subaxial
cervical spine begins at ventral aspect of the
intervertebral disc. It is characterized with loss of
height of the ventral aspect of intervertebral disc and
leads to loss of normal cervical lordosis. The
straighthening of the cervical spine causes the increase
in moment arm of the forces applied axially to the
spine and, in turn, will cause the progression in
kyphotic process. The presence of kyphotic cervical

curve dictates a ventral approach for correction of
cervical spine. The presence of straighthened spine
may dictate the use of ventral or dorsal approach for
stabilisation (1, 18, 22).

Tumors and infections

Spinal tumors and infections may also cause
subaxial deformities. Vertebral metastases occur in
about 5% of patients during the course of cancer. The
majority of metastases (95%) are extradural, while
4.5% are intradural and 0.5% are intramedulary.
Metastatic involvement of cervical spine
predominantly affects the vertebral body. Spinal
metastases most commonly causes lytic lesions in
bone. Sclerotic bony involvement may also occur.
Spinal instability was reported in 5 to 14% of patients
with cervical metastases (16, 20). The main subaxial
deformities include pedicle erosion, compression
fracture, and pathologic fracture dislocations (10, 19).
The involvement of intervertebral disc in metastases is
not common, whereas it can be seen in infectious
disease of the spine. The choice of treatment in most
cases is surgery. Radiotherapy is usefull for patients
with symptoms not due to instability. Spinal stability
can be achieved with a variety of methods and
materials. A patient with a good and prolonged
survival needs to be stabilized with a bone graft and
instrumentation, whereas a patient with short survival
can be stabilized with methylmethacrylate and
instrumentation.

Congenital deformities

Congenital deformities of cervical spine, which are
caused by congenitally anomalous vertebral
development are rare. They are seen in the growing
child and adolescent and are divided into three main
groups: defects of formation (such as hemivertebra);
defects of segmentation (e.g., unilateral unsegmented
bar); and combination of both (e.g., hemivertebra
associated with a unilateral bar). Their cause usually is
unkown. There are three major pattern: lordosis,
kyphosis, and scoliosis (12, 25, 26, 30).

Embriologically, spinal column formation is
observed at the 6™ to 8" weeks of gestation. The
centers of chondrification in the membraneous
portions of mesenchyme begins to ossify and most of
formation occur at this time. Wynne-Davies in a
comprehensive review of the families of 377 patients,
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reported that an isolated anomaly such as hemivertebra
carried no risk of a similar lesion in siblings or
subsequent generation, whereas maultiple level,
complex anomalies carried a 5 to 10% risk of
occurance (32).

There is few well-known environmental or
biologic causes for congenital cervical deformities.
The presence of spinal anomalies is often associated
with the presence of tracheal, esophageal, renal, and
auditory defects.

Most of these cases are young. Neck deformities
occur commonly because relatively little normal spine
above the area of segmentation defects, that is, little
ability to develop a compensatory curve to balance the
scoliotic portion. About 50% of cervical scoliosis are
associated with Klippel-Feil anomalies. When
scoliosis is associated with Klippel-Feil abnormalities,
torticollis, or progressive lateral deviation of neck can
be severe (30).

The pattern of unilateral unsegmented bar and
contralateral hemivertebra with open disk space may
be associated with poor prognosis, whereas the pattern
of anterior block vertebra has the least likely prognosis
for progression.

Tatrogenic subaxial deformities

Iatrogenic subaxial deformities include post—
laminectomy and post—irradiation deformities. They
are commonly seen in pediatric population in which
their spine growth process in incomplete. However, an
aggressive resection of dorsal osseous elements may
cause an instability in adult patients as well (4, 8, 27,
28, 33, 35).

A. Post-laminectomy subaxial deformities.

Extensive laminectomy of cervical spine may lead
to laminectomy-induced subaxial deformities.
However, this condition is more commonly seen in
pediatric population. A variety of reasons have been
noted in the etiology of pediatric laminectomy—
induced deformities. These reasons include
ligamentous—osseous deficiency, neuromuscular
imbalance, progressive osseous deformity (33). The
importance of ventral and dorsal cervical columns in
stability of cervical spine is known. In vertical
compression, the ventral column carries 36% of the
applied load, while each pair of facet joints transmit

32% of the applied load (1, 18). Dorsal
osseoligamentous complex are stabilizer in tension,
while ventral column is stabilize in compression.
Extensive laminectomy destroy some of the dorsal
structures such as facet joints, laminae, and dorsal
musculo-ligamentous complex. As this deformity
develops and progresses, the dorsal column is placed
in tension and the ventral elements are placed in
compression.

The true incidence of laminectomy-induced
subaxial deformities is not known. Haft et al., reported
a 59% incidence of kyphoscoliosis in children
undergoing cervical laminectomy for spinal tumor
(11). In an experimental study Lee and Moon
compared the effect of multilevel laminectomy in
immature and mature cats. They detected cervical
kyphosis 4 months after laminectomy in immature cats
group, whereas normal cervical curve was maintained
in the mature cats group. They reported two main
causes of postlaminectomy kyphosis; 1) subluxation
of vertebral bodies; and 2) ventral wedging of the
vertebrae (15).

The rate of laminectomy-induced subaxial
deformity in adult population is lower than pediatric
population, so that in the presence of normal cervical
curvature and preservation of facet capsules, it is not
commonly seen. The importance of preservation of
facet joints during laminectomy was reported by many
authors. Epstein reported the importance of facet joint
contribution to stability and has recommended that not
more than one quarter to one third of the facets be
removed (7). Raynor et al., have shown that bilateral
facetectomy of greater than 50% significantly reduces
resistence to shear forces (21).

Zdeblick and Bohlman also reported a facetectomy
greater than 50% causes a statistically significant
instability in flexion and torsion (35).

Miyuzaki and co., reported a 17% incidence of
deformity in adult following laminectomy for cervical
spondylotic myelopathy (17). Mikawa reported a 11%
rate of kyphosis following cervival laminectomy in the
treatment of spondylosis (16). According to many
authors the degree of facet resection correlates with
subsequent deformity.

Goel et al., tested biomechanical effects of
laminectomy and revealed 10% increase in range of
motion, but did not feel that this was unstable (9).
However, Saito et al., reported that following
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laminectomy tensile stresses distributed preoperatively
in the dorsal ligaments were transfered to the facets in
the postlaminectomy state. According to Saito et al.,
this led to an imbalance of stresses. This imbalance is
severe in children because of relatively larger size of
the head and its more ventrally located center of
gravity (23).

Yasuka et al reported that postlaminectomy
kyphosis can develop in children even if the facet
capsules were preserved. According to them, two main
causes of deformity in children is; hypermobility due
to viscoelasticity of the ligaments, and wedging of the
ventral vertebrae due to ventral compression of the
cartilagenous endplates (33).

B. Post-irradiation subaxial deformities

Post~irradiation deformities are commonly seen in
growing spine. Irradiation of the spine inhibites
growth of the spine. Irradiation of whole spine leads to
formation of smaller vertebral body than normal size.
However, local irradiation of the vertebrae may cause
different deformities. For example, irradiation of
lateral part of vertebral body leads to growth inhibition
of lateral portion of vertebral body and resultant
deformity, whereas inhibition of ventral vertebral body
by irradiation may lead to kyphotic deformity.

The main reason of deformity after irradiation of
immature vertebrae is endplate involvement and its
growth inhibition in axial plane. The degree of growth
inhibition is related to the patient's age, and irradiation
dosage. A does of 1000 rad does not produce a serious
growth inhibition in endplate, whereas a permanent
does of 2000 to 3000 rad or more may cause bone
necrosis. The most severe bone changes following
irradiation occur in children younger than 2 years. The
initial post—irradiation changes are seen 6 months to 2
years after irradiation exposure. However, they
manifest after many years (27).

Patients with mild deformities can be treated by
orthosis. However, severe deformities needs to be
stabilized using ventral or dorsal approaches.
Pseudoarthrosis is common. Halo may reduce the risk
of pseudoarthrosis.

Ankylosing spondylitis
Ankylpsing spondylitis (AS) is an inflamatory
disease leading to periarticular fibrosis and ossification

that may result in fixed kyphotic deformities of the
spine. There are few cases with AS in whom kyphotic
deformity occurs primarily in the cervical spine. This
deformity is characterized by restriction of the field of
vision, and interference with skin care under the chin
and shaving in males. The weight of the head and
gravity may pull the patient further into kyphosis. A
combination of thoracic and cervical kyphosis results
in "chin-on—chest" type of deformity. An important
aspect of this disease is the presence of weakness of
the posterior paraspinal muscles secondary to primary
muscle disease. Facet inflamation may be painful and
patient may tend to stand in a more flexed posture.

Acute fractures are usually seen in late stage AS
when spines are completely fused. Seventy five
percent fractures occur in the cervical spine secondary
to hyperextension. Neurologic injury is severe The
clinical picture in AS patient with spinal fracture may
be complicated by the development of spinal epidural
hematoma. Delay in diagnosis may result in a
pseudoarthrosis. Therefore, a patient with AS should
be radiographically investigated after any minor
trauma. However, flexion—extension radiographs are
not advised.

A positive HLA-B-27 cell surface antigen may
help diagnosis. Although the HLA-B-27 is positive in
90% of patients with clinical AS, less than 2% of
HLA-B-27 positive individuals will ultimately
develop AS. Therefore this marker is useless in
asymptomatic cases (27).

Simmons has postulated a C7-based extensive
osteotomy of the cervical spine. Many authors
advocated operation under local anesthesia (24). The
use of general anesthesia is not common (13).

Rheumatoid arthritis:

Cervical spine involvement of rhenmatod arthritis
(RA) is not rare. It is observed in 36% to 88% of RA
cases. Cervical spine is involved in three different
patterns: (1): atlantoaxial subluxations; (2): cranial
settling of odontoid; and (3) subaxial subluxations
(SAS).

SASs are seen less common than the first 2 forms
and may be combined with them. They are seen in
10% to 20% of RA cases. Subaxial abnormalities with
RA include: multilevel SAS, subluxations below the
previously fused segment, end plate erosions, ventral
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spondylitis, facet erosion, spinous process destruction,
hyperlordotic deformities, epidural rheumatoid
granulations, and axial shortening of the lower cervical
spine. These signs may be missed in early stages.
Subluxation are seen in C2-3 and C3-4 segments and
have commonly "steplader” appearance (34).

Subaxial deformities commonly lead to spinal cord
compression by pannus or by a pachimeningitis or
arachnoiditis. Tt is a graduval process in which one
vertebra slips with respect to another due to a
combination of factors. Hughs reported the autopsy in
two cases with SAS. Pressure on the ventral aspect of
the spinal cord by a bony protrusion into the spinal
canal produced cord lesions. The striking finding in
each case was an irregular central area of partial
infarction.

Lower cervical spine lesions in RA patients can
produce intractable neck pain or myelopathy in
association with destructive lesions in the cervical
spine. Spine posture tends to show a gook-neck
deformity in association with spinal canal stenosis and
an increased range of motion of the lower cervical
spine.

The treatment of choice in cases with neurologic
deficit is surgery. A variety of ventral or dorsal
decompression and fusions may be performed.

Neurofibromatosis:

Severe subaxial cervical deformities are quite rare
in neurofibromatosis (NF). NF is an autosomal
dominant genetic disorder that affects connective
tissue derived from endoderm, ectoderm, and
mesoderm. NF is classified as NF1 and NF2. Spinal
deformities are the most common skeletal
manifestation of NF-1. Majority of spinal deformities
are Jocated in the thoracic spine. Cervical spine
involvement is unusual (29).

Dystrophic changes and osteolysis are often
present at diagnosis. Cervical curve in NF1 is
commonly kyphotic or kyphoscoliotic. The ventral
wedging, scaloping, and displacement of the ventral
body contributing to the acute angular kyphosis.

The other aspect of NF is the presence of
intraspinal tumor. Tumor removal through

laminectomy may lead to kyphotic deformity or
accelerate progression of the preexistent dystrophic
kyphosis.

There are few reports of cervical dystrophic
kyphosis due to NF in the literature. Neck pain is the
most common presenting complaint in NF-1
deformity of the cervical spine, but neurological
complications including myeloradiculopathy, may
oceur.

The treatment of choice is surgery (14). Halo
traction can be used for correction and postoperative
immobilization in combination with two—stage ventral
and dorsal fusion.

Rare causes of subaxial deformity:

Cuffe et al., reported 10 cases with dialysis—
associated spondylarthropathy. Nine of them had a
cervical instability and underwent a stabilization
procedure. According to them, it was a result of
hyperproduction of parathyroid hormone secondary to
the abnormal metabolism of calcium and phosphate
due to renal failure (6).

Bhorjraj et al., described a rigid cervical kyphosis
in a case of adult-onset Still's disease, a chronic
polyarthritis in children (2).

Treatment:

Because of the loads applied to the cervical spine,
subaxial deformities tend to be progressive. Therefore,
surgery is commonly indicated for; 1) decompression
of spinal cord; 2) reduction; and 3) stabilization.

The operative decision—making process is affected
by a variety of factors, including; 1) the presence of a
fixed or reducible deformity, 2) The presence of spinal
cord compression, and 3) the location of deformity
(ventral versus dorsal, or three columns).

A fixed deformity with spinal cord compression
requires a decompression and stabilization, whereas a
fixed deformity without spinal cord compression
rarely requires surgery for neck pain. The presence of
reducible deformity requires reduction and a ventral
fixation. A dorsal approach (e.g., lateral mass plating)
is rarely indicated in subaxial deformities.
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