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Cervical Spine

Conditions involving the cervical spine in children tradition-
ally are discussed according to the anatomic structure or
segment that is abnormal. Such a classification entails enu-
merating all possible abnormalities (e.g., C1-2 instability)
affecting a particular area (e.g., occipitocervical).

A classification based on clinical presentation, however,
may be more useful for understanding cervical spine pathol-
ogies and their relation to the brain stem, spinal cord, and
vertebral artery system. Such a classification will also direct
the evaluation and treatment. The clinical presentations of
cervical spine abnormalities include deformity—torticollis,
kyphosis, a shortened neck—and/or symptoms of instability
or neurologic compromise due to a cervical spinal canal
made stenotic. Thus, a patient who presents with a deformity
but without neurologic symptoms or signs would be evalu-
ated for one set of cervical abnormalities, while a patient
presenting without a deformity but with neurologic symp-
toms or instability would be evaluated for another set of
conditions. A classification system based on clinical presen-
tation, then, promotes a unified understanding of cervical
spine abnormalities and their pathomechanisms.

Congenital Torticollis

Torticollis (from the Latin meaning “twisted neck™) is a
symptom of cervical spine abnormality. Its differential diag-
nosis (Table 10-1) might seem complicated at first glance
but can be simplified by determining whether the deformity
is painful or not and whether the deformity was present at
birth (congenital) or was acquired.

CONGENITAL MUSCULAR TORTICOLLIS

The most common form of congenital painless torticollis is
congenital muscular torticollis, or wry neck. The deformity
is usually obvious at birth or shortly afterward. The child’s
head is tilted toward the involved fibrotic sternocleidomas-
toid (SCM) muscle and the chin is rotated toward the contra-
lateral shoulder, producing the “cock robin” appearance
(Fig. 10—1A). The diagnosis is made on physical examination
by detecting a mass or knot on the involved side of the neck
in the body of the SCM muscle in the first 3 months of life
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Cervical Kyphosis,
Cervical Instability,

(Fig. 10—1B).*'" The mass may regress after early infancy
and be replaced by a readily palpable fibrous contracted
band that can be followed from its origin on the mastoid
to the sternum and clavicular insertions. Although Coventry
and Harris reported this mass was undetected in 80 percent
of patients,” the contracture is almost universally present
after infancy.

Congenital muscular torticollis was first described in 1749
by Cheselden,'” with a more detailed description provided
by Anderson in 1893.° Its etiology remains unknown, but
the condition likely results from local compartment syn-
drome or ischemia involving the neck, producing the fibrotic
muscle.” It is also almost certainly a “packing” problem,
based on the high prevalence of breech positioning and
primiparous birth order in this condition.®* It is hypothe-
sized that the head becomes twisted and rotated in utero
and, because of intrauterine crowding, the position is main-
tained for a period of time prior to birth, leading to ischemia,
edema, and eventual fibrosis in the muscle. There is also
evidence that progressive denervation of the muscle due to
compression of the accessory nerve can exacerbate the fi-
brotic reaction.”” Additional evidence of the lack of uterine
space includes an increased incidence of congenital disloca-
tion of the hip and of foot deformities (e.g., metatarsus
adductus).®'* Although patients with torticollis may be at
slightly greater risk for congenital dysplasia of the hip, we
have not found anything more than routine neonatal exami-
nation and screening with ultrasonography to be appro-
priate. Prolonged observation for dysplasia in a child with
torticollis does not appear warranted.*

The clinical presentation varies from a simple head tilt
with slight rotation and minimal restriction of motion to a
more severe plagiocephaly, which can be exacerbated by the
positioning of the infant for sleep (Fig. 10-1C). Flattening
of the face on the ipsilateral side of the SCM lesion can be
worsened by the prone position when sleeping. The infant
may also have a “bat” ear due to folding in utero. If infants
are placed supine for sleeping, reverse modeling of the con-
tralateral side of the skull can occur. Treatment with various
helmets and headgear has been tried in an effort to mold
the infant’s head while it is still soft, with open fontanelles
and sutures. Older children may be referred for scoliosis
evaluation because of an apparent elevation of the ipsilateral
shoulder (Fig. 10-2).

The differential diagnosis of congenital muscular torticol-
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TABLE 10-1 Torticollis

Congenital

Congenital muscular
Vertebral anomalies
Failure of segmentation
Klippel-Feil
Occipitalization of C1
Failure of formation
Congenital hemiatlas
Combined failure of segmentation/formation
Ocular

Acquired—Painful

Traumatic
Atlantoaxial rotatory displacement
Os odontoideum
C1 fracture
Inflammatory
Atlantoaxial rotatory displacement (Grisel’s)
Juvenile rheumatoid arthritis
Diskitis/osteomyelitis
Other infection in neck
Tumors
Eosinophilic granuloma
Osteoid osteoma/osteoblastoma
Calcified cervical disk
Sandifer’s syndrome

Acquired—Nonpainful

Paroxysmal torticollis of infancy
Tumor of the CNS
Posterior fossa
Cervical cord
Acoustic neuroma
Syringomyelia
Hysterical
Oculogyric crisis (phenothiazine toxicity)
Associated with ligamentous laxity
Down syndrome
SED/MPS dysplasias

lis includes congenital bony abnormalities producing the
deformity. Therefore, good-quality plain radiographs of the
cervical spine are warranted if the typical SCM muscle con-
tracture is absent. Because of difficulty in obtaining and
interpreting such radiographs in a newborn or young infant,
it is acceptable to forgo them if the clinical picture of an
SCM mass and fibrosis is unmistakable, along with the plagi-
ocephaly and other facial and ear abnormalities related to
the packing problem. If, however, the deformity does not
respond to the usual conservative measures, then radio-
graphic evaluation is mandatory, along with ocular and cen-
tral nervous system (CNS) evaluation.

Treatment. Excellent results with massage and a stretching
program can be achieved in around 90 percent of pa-
tients. 155192 This is the first treatment approach. At the
time of diagnosis, the parents are instructed in the technique
of stretching the contracted SCM muscle by rotating the
infant’s chin to the ipsilateral shoulder and simultaneously
tilting the head toward the contralateral shoulder. The exer-
cises should be done gently but with the goal of attaining
full passive range of motion—both rotation and tilting—as
quickly as possible (Fig. 10-3). Besides stretching, position-
ing toys and other maneuvers to solicit active rotation to-
ward the involved side are important to actively overcome
the fibrosis of the SCM muscle.

Early surgical treatment of congenital muscular torticollis
is to be condemned. The natural history of the untreated
deformity is benign, as more than 90 percent of patients
eventually develop an adequate range of motion and an
adequate cosmetic appearance. Less than 10 percent of cases
come to surgery.' If a significant restriction of motion (lack-
ing 30 degrees of full rotation or more) or facial asymmetry
persists after the child achieves walking age, surgical inter-
vention may be considered. However, there is little advan-
tage and much disadvantage to surgical release in the young
child, and we prefer to wait until just prior to school age
before a decision on surgery is made.

The reasons for waiting are both technical and age-
related. Operative procedures include subcutaneous tenot-
omy, open tenotomy of the lower SCM insertions, bipolar
tenotomy, and excision of part or all of the muscle. Tenot-
omy or excision, while allowing an immediate increase in
head excursion, are more likely to lead to muscle recontrac-
tion and a cosmetic deficit in the column of the neck due
to the loss of muscle bulk. The earlier the surgery is per-
formed, the more technically difficult is Z-plasty recon-
struction of the muscle bulk (due to the diminutive size of
the structures) and thus minimization of the cosmetic de-
ficiency resulting from tenotomy or excision procedures.

The complications of surgery in infancy are significant
and include scar formation, recontracture with more severe
fibrosis,” and, more important for this cosmetic deformity,
an unacceptable cosmetic result due to removal of the SCM
column of the neck line, which produces an unsightly “hole”
at the distal insertion in the sternum and clavicle, reported
in 40 to 90 percent of patients.!**%% Because of the excellent
results that can be obtained if surgery is delayed until an
older age, there is simply no urgency for surgery in infancy
for congenital muscular torticollis.

Most authors favor surgery, when indicated, up to 6 years
of age.®® Others have extended this upward to age 12* and
beyond.'*® Functional outcome, as judged from range-of-
motion evaluation, is not different for surgery performed
between the ages of 1 and 6 years, and the disadvantages of
early surgery (poor cosmesis, recurrence) decrease as the
age of the child increases. Poorer results, primarily due to
intractable facial asymmetry or some limitations of motion,
are restricted to the most severe cases, although the benefits
of later surgery in correcting head tilt and overall cosmesis
are well established %1%

We prefer the bipolar lengthening technique of Ferkel
and colleagues for patients needing surgery.” The release of
the SCM muscle includes a careful reconstruction of the
“column” of the SCM by either (1) performing Z-plasty of
the clavicular insertion and releasing the sternal insertion
from bone, or (2) transecting of the sternal portion of the
muscle 1 to 2 ¢cm proximal to its insertion, releasing the
clavicular insertion from bone, and transferring the latter
to the remaining distal sternal portion (Fig. 10—4). Such a
Z-plasty reconstruction is technically difficult to perform
in the infant or toddler, which explains why early release
produces cosmetically unappealing results. Release at the
mastoid process allows more vigorous and complete release
of the patient’s head, so that postoperative physical therapy
can be more effective. The mastoid release should be per-
formed at the bony insertion, to avoid possible injury to
the spinal accessory nerve. Skin incisions should never be
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FIGURE 10-1
(arrow) of a newborn. Note intrauterine folding deformity of the right ear. C, Flattening of the left occipital area and
left ear deformation due to supine positioning of a child with right congenital torticollis.

placed over the clavicle because of the unaesthetic scar
spreading that will occur.

The results of surgical release in older children have also
been satisfactory (Fig. 10-5). There is therefore little to
criticize in benign neglect of the young child, with surgical
release, if indicated, performed sometime between ages 5
and 12 years.

Postoperative care of the patient who has undergone
bipolar release includes reinstitution of stretching exercises
as soon as pain has abated and the surgical incisions have
adequately healed."**'" Historically, postoperative treat-
ment has included the use of all types of braces and cast
correction," but we have found that active range-of-motion
exercises produce excellent results, and the use of postopera-

C

A, Torticollis due to a contracted left sternocleidomastoid (SCM) muscle. B, Mass in right SCM

tive immobilization is somewhat obsolete. Residual fascial
bands'®®!% can lead to recurrence of deformity. These bands
are best avoided by delaying the surgery until the recom-
mended age of at least 5.

KLIPPEL-FEIL SYNDROME

A second form of congenital painless torticollis is associated
with congenital osseous fusions (synostosis) and failure of
segmentation of the cervical spine. Such fusions can involve
the craniocervical junction (occiput-C2), the subaxial cervi-
cal spine, or both, and typically result in the appearance of
a short, webbed neck combined with a low posterior hairline.
An associated head tilt and loss of cervical motion complete
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FIGURE 10-2 A and B, Clinical appearance of a 10-year-old boy referred for presumed scoliosis because of left
shoulder elevation. Contracture of the left SCM muscle (torticollis) produced the deformity.

the clinical triad commonly referred to as the Klippel-Feil
syndrome (Fig. 10-6).5271% In practice, the term is used to
describe any failure of segmentation in the cervical spine,
and some series™® report the full triad occurring in only
half of patients with the diagnosis. The loss of motion,
particularly rotation, associated with torticollis brings atten-
tion to the abnormality.

Frequently the neck webbing appears to produce the
head tilt or deformity, thus making the torticollis appear
secondary to the soft tissue abnormality. Simple failure of
segmentation of the vertebral bodies or posterior elements
may not produce a true head tilt or rotation, but there is
frequently an asymmetry of fusions or an additional congen-
ital unilateral fusion in the subaxial or cervicothoracic area
that produces the torticollis. These fusions result from ab-
normal embryologic formation of the cervical vertebral mes-
enchymal anlagen. Not only does failure of normal segmen-
tation of the cervical somites between the third and eighth
week of gestation explain the cervical synostoses and anoma-
lies but, owing to the scapular differentiation from mesen-
chymal tissue at the C3—4 level that occurs simultaneously,
Sprengel’s deformity, seen in up to 50 percent of Klippel-
Feil patients, is also an expected anomaly accompanying the
congenital fusions (Fig. 10-7)."%* The well-known omoverte-
bral bone connecting the scapula and cervical spine in
Sprengel’s deformity is further evidence of a failure of seg-
mentation underlying the entire process. The etiology of
such failures of segmentation is believed to be either toxic
or ischemic (anomalous vertebral artery development),' and
because of the timing in embryologic development, the ex-

tent of the embryologic insult is also believed to result in
abnormalities of other organ systems.

The identification of a family of genes (the homeobox
or HOX family) that directs and regulates embryonic differ-
entiation and segmentation along a craniocaudal axis has
allowed speculation that mutations involving this family are
responsible for the anomalies in humans, as is evident in
murine homeobox genes and cervical abnormalities.®"*
The development of the cervical region follows a pattern of
craniocaudal resegmentation in which the eight pairs of
embryonic cervical somites divide into a cranial and caudal
segment.*"!"? These primitive mesenchymal segments sepa-
rate, with each vertebral anlage then being formed by the
caudal half-sclerotome of one somite and the cranial half
of the next lower one. Variations at the occipitocervical
junction occur: the cranial half of the first sclerotome re-
mains as a half-segment (proatlas) between the occiput and
the atlas proper, eventually becoming part of the occipital
condyles and the tip of the odontoid. The atlas receives
contributions from the lower occipital and first cervical so-
mite (two posterior arches). The axis receives contributions
from the primitive second cervical somite (posterior arches),
the cranial half of the first (tip of the odontoid), and the
primitive centrum of the second (atlas), which becomes the
body of the odontoid."” Each segment from C3 to C7 is
made up of a centrum (body) and two posterior arches that
form from mesenchymal tissue migrating around each side
of the neural tube. In light of this complex origin of the
cartilaginous anlagen of the cervical vertebra, it is not diffi-
cult to understand how anomalous development in the form
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FIGURE 10-3  Passive stretching exercises for a right SCM contracture. A, The deformity. B, The head is bent laterally
so that the ear of the left side touches the left shoulder. Note the tumor-like bulge in the SCM muscle. C, The head
is rotated to the right so that the chin approaches the right shoulder. D, Anatomy of the SCM muscle.

of failure of segmentation and partial absences can occur,
producing the deformities seen in Klippel-Feil syndrome.

As mentioned, other anomalies also appear, owing to
the global nature and timing of the postulated fetal insult.
Genitourinary anomalies are estimated to occur in 25 to 35
percent of children with Klippel-syndrome,"”!"! congenital
heart disease in 14 to 29 percent,"'” deafness in 15 to 35
percent,™ and synkinesis or mirror movements in 15 to
20 percent.”’

Scoliosis, either congenital or idiopathic-like, occurs in
60 percent of Klippel-Feil patients,' and it is the congenital
fusions involving the cervical and cervicothoracic junction
that are most troublesome in producing deformity. Rib
anomalies often accompany both congenital fusions and

Sprengel’s deformity (see Fig. 10-7). Syndromes producing
all of the above anomalies include the VATER association,
Goldenhar’s syndrome,' and the fetal alcohol syndrome.

Clinical Features. The newborn or young infant with the
classic triad of a low hairline, webbed neck, and limited
motion with or without torticollis presents no problem in
diagnosis (see Fig. 10-6). Patients with less obvious signs
of classic Klippel-Feil anomalies are generally diagnosed on
the basis of the restricted motion associated with vertebral
fusions. The finding of an abnormal head position, true
torticollis, and restricted range of motion, without an obvi-
ous SCM contracture, should prompt obtaining radiographs
of the cervical spine. Screening for other vertebral anomalies
is appropriate if any cervical fusions are found.
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Sternocleidomastoid
muscle

Once vertebral fusions in the cervical spine are docu-
mented, a general pediatric evaluation should be undertaken
to rule out congenital cardiac or other neurologic abnormal-
ities. Renal ultrasonography is an appropriate screening test
to diagnose genitourinary anomalies.” Magnetic resonance
imaging (MRI) of the cervical cord and craniocervical junc-
tion is recommended whenever any orthopaedic procedure
is contemplated, and certainly is indicated for evaluation of
symptoms related to cord compression/stenosis or insta-
bility.

Patients with Klippel-Feil anomalies present at a young
age for evaluation of deformity, which is managed in a
fashion similar to the management of congenital scoliosis.
Because there is no room in the cervical spine for a compen-
satory curve to develop to keep the head upright and com-
pensated, any progression of a cervical scoliosis as the cause
of a patient’s head tilt and torticollis must be aggressively
treated so that uncorrectable head tilt or a severe compensa-
tory scoliosis that decompensates the trunk does not result
from a progressive congenital deformity (Fig. 10-8).

Patients with Klippel-Feil anomalies may also present at
an older age with pain, radiculopathy, or myelopathy due
to cord compression in a congenitally anomalous, narrow
canal or due to instability or hypermobility at unfused lev-
els.'”!" Torticollis may or may not be present, and may be
recently acquired at the time of symptom appearance where
it was previously absent. Patients with extensive vertebral
fusions, often extending up to C3, may also have occipital-
atlantal fusion, producing hypermobility at an unfused C1-2
or C2-3 level (see Fig. 10-7). Any unfused segment adjacent
to an extensive synostosis may eventually become hyper-
mobile, with or without neurologic symptoms.**®!* Thus an
adolescent with mild nonprogressive deformity may develop
symptomatic hypermobility after years of being asymptom-
atic, although almost never before age 13."* Degenerative
changes at the hypermobile segments may produce just
enough cord or nerve root impingement in a young adult
to produce radiculopathy and myelopathy. Degenerative ste-
nosis without hypermobility may result in subaxial cervical
segments when osteophytes and disk degeneration progress
in adult life.

Depending on the site and type of stenosis (anterior or
posterior) and anatomic level, motor and sensory deficits
and reflex changes may occur, as well as paresthesias in the

FIGURE 10-4 Bipolar lengthening of the SCM muscle. (Modified
from Ferkel RD, Westin GW, Dawson EG, et al: Muscular torticollis:
a modified surgical approach. ] Bone Joint Surg 1983;65-A:894.)

occiput, neck, and upper extremities. If the cerebellar tonsils
are compressed or herniated (Arnold-Chiari malformation),
neurologic findings may include ataxia, dizziness, and nys-
tagmus. Cranial nerve changes from brain stem compression
(difficulty swallowing, disturbed phonation) or hydrocepha-
lus from obstruction of cerebrospinal fluid (CSF) flow
(blurred vision, headache) by invagination of the odontoid
into the foramen magnum (basilar impression) can be ob-
served. Less commonly, vertebral artery involvement can
produce syncope, seizures, or ataxia due to brain stem isch-
emia. Any of these varied neurologic signs and symptoms
must be investigated in a patient with known cervical anom-
alies.

Radiographic Features. Imaging studies of the cervical
spine, especially of the craniocervical junction, are crucial
in the management of patients with Klippel-Feil anomalies.
Besides defining the often bizarre, mixed anomalies, neuro-
radiologic evaluation is mandatory in patients who develop
neurologic compromise. Positioning for imaging studies
may be problematic because of the shortened neck and
relative lack of motion. Overlapping shadows from the man-
dible and occiput can confound interpretation of plain ra-
diographs. A lateral radiograph of the skull, rather than of
the cervical spine itself, will best demonstrate the presence
of occipitocervical bony abnormalities by eliminating some
of the obliquity and rotational overlapping seen with torti-
collis."®® If Cl has been assimilated into the occiput, the
lateral skull film is also helpful in determining whether there
is C1-2 pathology. Once anomalous osseous structures are
visualized on a screening radiograph, further studies by com-
puted tomography (CT) with or without three-dimensional
reconstruction and MRI to evaluate the brain stem and
cervical cord are recommended.

Besides symptoms of instability, patients with Klippel-
Feil anomalies and neurologic symptoms must also be evalu-
ated for basilar impression. A good-quality lateral radio-
graph will show the upward migration of atlantoaxial struc-
tures, particularly the odontoid, into the foramen magnum,
and knowledge of the traditional radiographic lines (Cham-
berlain’s, McRae’s, and McGregor’s) is useful in screening
for the presence of basilar impression. McGregor’s line,
drawn from the upper surface of the posterior edge of the
hard palate to the most caudal point of the occiput, is the
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FIGURE 10-5 Torticollis release on the right in a 13-year-old child. A and B, Preoperative and postoperative
appearance. C and D, Limitation on attempted tilting of the head to the left preoperatively, and improvement
postoperatively. E and F, Full rotation to both sides postoperatively. Note the cosmetic maintenance of the anterior
column of the neck provided by the lengthened SCM muscle, and the cosmesis of the mastoid incision,

best screening line because of the reproducibility and clarity
of these radiographic landmarks (Fig. 10-9). McRae’s line
defines the opening of the foramen magnum and truly de-
fines basilar impression, because the odontoid projects above
this line in patients who are symptomatic.”*"* Modern im-
aging studies, such as CT with sagittal or three-dimensional
reconstruction, show the osseous relationships more clearly.
If there is any question of neural impingement, MRI is the
more revealing study.

Equally important is the determination of impending
stenosis or cord impingement by evaluating the space avail-
able for the cord (SAC) and its corollary measurement at
C1-2, the atlantis-dens interval (ADI) (see Figs. 10-7 and
10-9). These intervals are usually determined on lateral
flexion-extension radiographs, generally obtained with the
patient awake and voluntarily flexing the head. The SAC is
measured as the distance between the posterior edge of the
dens and the anterior edge of the posterior ring of the atlas
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FIGURE 10-6 Klippel-Feil syndrome with torticollis. A and B, Clinical appearance of a 13-month-old toddler. Note
the fixed head tilt, low hairline, and plagiocephaly. C, Initial radiograph obtained at age 5 months showing right convex
scoliosis due to multiple congenital anomalies. D, Radiograph obtained at age 13 months showing progression of the
deformity. A significant compensatory thoracolumbar curve has developed. E, The rotational deformity extended to
C5. F, Anterior fusion was extended via a thoracotomy to the C6~7 disk through the chest (arrows point to the convex

bone graft). Posterior fusion was extended to C5-T8.

or the foramen magnum. An SAC of 13 mm or less is
associated with neurologic compromise.”! In patients with
hypermobility, as suggested by an ADI of more than 5 mm
between flexion and extension, measurement of the SAC
gives a reasonable evaluation of how tenuous the neurologic
situation may be. Up to 5 mm of motion at the ADI is
considered normal in children."

Normal range of motion at the occipital-atlantal joint
is undefined. The occiput-C1 articulations are primar-
ily saddle-shaped, elliptical surfaces that allow flexion-
extension but little rotation or lateral flexion. Instability
of this joint, being much less common than instability of
C1-2, is not well described. Posterior subluxation of the
occipital-atlantal joint in extension of more than 4 mm



FIGURE 10-6 Continued. G and H, Postoperative immobilization in a
halo-vest device. Head tilt and rotation were corrected. I, Radiograph ob-
tained 2 years postoperatively showing stabilization of the deformity. J and
K, Subsequent clinical appearance. There is no recurrence of the head tilt.
L, Radiograph obtained 9 years postoperatively. Correction has been main-
tained by convex hemifusion anteriorly.
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FIGURE 10-7 See legend on opposite page F
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FIGURE 10-7 Klippel-Feil syndrome. A, AP spine radiograph of a 4-year-old boy
with Klippel-Feil syndrome. Multiple congenital spinal anomalies and rib fusions
are evident. A Sprengel’s deformity is apparent on the left (arrows). B, Radiograph
obtained 6 years later shows little change in the thoracic spine but a slight curve
developing in the cervical spine owing to an unsegmented bar between C3 and C5.
C, Lateral cervical radiograph obtained at age 2 years. C3-5 synostosis is suggested.
The upper cervical spine appears normal. D, Radiograph obtained at age 6. The
ADI at C1-2 is increasing. C2-3 now has a posterior synostosis. The patient is
asymptomatic. E and F, Radiographs obtained at age 12. Flexion instability at C1-2,
with ADI of 10 mm and a decrease in the SAC, is obvious, with a reduction in
extension. The patient experienced neck pain and had several episodes of acute mild
torticollis but was neurologically intact. There is minimal motion at C2-3 and
complete synostosis below C3. G, CT scan in flexion showed significant impingement
on the cord anteriorly by the odontoid. H, Despite a partially open ring of C1, the
patient was able to undergo Brooks fusion at C1-2, to prevent further cord compro-
mise. He is currently asymptomatic but has no cervical motion at all. H

suggests instability."”” This can be measured from the ex-  no more than 1 mm in adults,"” and thus the importance
cursion of the basion or occipital condyles in relation to a  of measuring the SAC on either plain radiographs or flexion-
fixed point, usually the posterior edge of the anterior ring extension CT or MR images may be more critical at the
of C1 during flexion-extension (Fig. 10-10)."” Power’s ratio occipital-atlantal joint.

identifies anterior occiput-Cl instability, but because most

instabilities are more obvious in extension, this ratio may  Treatment. Treatment of Klippel-Feil syndrome and other
not be as useful. Normal occiput-Cl translation should be  synostotic anomalies must take into consideration both the



182 = * = Apatomic Disorders

FIGURE 10-8 A and B, Severe torticollis due to cervical dysraphism. The left cervicothoracic deformity produces
uncompensated head tilt to the right, as there is no room in the cervical spine for a compensatory curve. A right lower
thoracic scoliosis is developing to push up the right shoulder and rotate the head and neck counterclockwise as a
compensatory mechanism. Ultimately this patient’s compensatory scoliosis became untreatable because correction

produced intolerable worsening of the fixed head tilt.

deformity and any neurologic deficit, potential or already
present. Management of the deformity is considerably sim-
plified if no neurologic deficit is present. The treatment of
occipitocervical junctional abnormalities in the presence of
neurologic deficit is fraught with the potential for significant

2. Chamberlain

3. McGregor

morbidity and even mortality, owing to the proximity of
the cervical cord and brain stem. In such a situation, the
combined efforts of both orthopaedists and neurosurgeons
may be required.

Deformity management involving head tilt or rotation

FIGURE 10-9 McRae’s, Chamberlain’s, and MacGreg-
or’s lines define basilar impressions on a lateral radiograph
of the skull. C1-2 instability is determined by the space
available for the cord (SAC) and the atlanto-dens inter-
val (ADI).
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FIGURE 10-10 A and B, Occipital-atlantal instability in a patient with Down syndrome. There is 5 mm of posterior
translation of the occipital condyles in extension (arrows), which reduces in flexion. However, in flexion the ADI is

6 mm, reducing to 1 mm in extension.

frequently requires the use of a halo to obtain and maintain
correction. The halo is the one device that allows simultane-
ous correction and repositioning of the skull and upper
cervical spine, and then provides the external immobiliza-
tion necessary to protect a decompression and achieve spinal
fusion. The device also has the advantage of avoiding skin
complications around the mandible or occiput, the bane
of most occipital-mandibular devices (Philadelphia collar,
four-poster brace) when applied to children (see Fig. 10-6).
Access to cervical incisions and freedom of the mandible
for eating are important advantages, and because a halo-
vest device usually does not need to be removed or adjusted
once it has been applied, early mobilization of the patient
is improved.

Reluctance to use halo fixation in young children stems
from fear that the pins might penetrate the cranial vault,
resulting in epidural abscess or osteomyelitis. In fact, loosen-
ing is a far more common problem.*” Because of variation
in skull thickness and suture formation, CT of the skull has
been recommended,*'! but in practice we have not found
that CT findings significantly alter intended pin placement.
For immobilization of young children, halo pins are placed
in areas of the skull that are palpated to have appropriate
bone stock. These areas include the frontal areas near the
anterior hairline (avoiding the temporal artery) and the
posterior parietal and occipital areas. A decreased insertional
torque is used, depending on the child’s age, with a general
rule of 1 pound of torque per year of age up to age 8.1 We
use every possible hole in the halo ring so that a maximum
number of pins are placed, with the goal of at least six
pins used in patients less than 6 years old. Placing pins as
perpendicular to the skull as possible also increases pin
stability."” With such a regimen, pin loosening and infection
are manageable, with minimal morbidity. The major contra-
indication to the use of halo fixation in infants and young
children is the presence of abnormally wide sutures or fonta-

nelles, which allows the bones of the skull to move away
from the tips of the pins during insertion, resulting in loss
of fixation. The presence of a significant metabolic bone
disease, such as renal osteodystrophy or osteogenesis imper-
fecta, is a relative contraindication to use of the halo device.
A basilar impression may be secondary to the pathologic
bone. Longitudinal traction via the halo device in an attempt
to reduce such a basilar impression may not be possible
with porotic or dysplastic skulls.

One indication for surgical treatment in patients with
Klippel-Feil or other cervical anomalies is progression of
head tilt or rotation that is not passively correctable by
positioning. If the anomalies producing deformity (hemiver-
tebra, unsegmented bar) are in the subaxial cervical spine
or cervicothoracic junction, the patient will develop a head
tilt owing to an insufficient number of cervical vertebrae
cephalad to the deformity to develop a compensatory curve
(see Fig. 10-8). Increasing rigidity and uncorrectability of
the head tilt is a crucial indication of the need for surgical
treatment, and the fusion should include all vertebrae that
are involved in the primary curvature. The halo is used to
maintain the correction of the head tilt during the healing
of the fusion (see Fig. 10-6). Depending on the patient’s age,
both anterior and posterior fusion (the former to eliminate
a possible crankshaft phenomenon) may be necessary to
eliminate further growth of the anomalous vertebra. Because
fusion to halt progression is almost always undertaken in
young children who are developing a fixed and uncorrectable
deformity, an anterior-posterior arthrodesis will be indi-
cated in most instances.

In the case of torticollis produced by upper cervical
anomalies, posterior fusion alone, in association with halo
correction of the deformity, is generally sufficient. In con-
genital unilateral absence of C1 (hemiatlas),” the deformity
is present at birth and often progresses, and posterior fusion
from the occiput to C2 is recommended between the ages
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FIGURE 10-11 A, Occiput-C1 assimilation in a 5-year-old
child with autism. There is a fixed C1-2 subluxation with an
ADI of 7 mm. No neurologic deficit can be demonstrated
except possible ataxia. B and C, Axial CT sections demonstra-
ting an incomplete posterior ring of C1 and odontoid protru-
sion into the foramen magnum (F). The odontoid is seen on
sections well cephalad, into the occiput. The ring of CI
(arrows) is invaginated up into the foramen magnum.
D, Sagittal reconstruction confirming basilar impression,
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FIGURE 10-11 Continued. E, Anterior impingement of the lower brain stem due to basilar impression. F, Radiographic
appearance 4 months after a posterior occiput-C3 fusion to prevent neurologic deficit.

of 5 and 8. Because of the limited amount of growth of the
upper cervical vertebrae, recurrence due to the crankshaft
phenomenon does not appear possible.

In patients with congenital occipitocervical fusion (synosto-
sis), deformity (head tilt, torticollis) may be the only sign
of neurologic compromise due to irritation of neural tissue,
usually from either C1-2 instability or basilar impression.
The occipital-atlantal assimilation may be a relatively iso-
lated finding (Fig. 10—11) or may be part of a wide spectrum
of congenital synostoses in a patient with obvious Klippel-
Feil anomalies. In other situations, neck pain and frank
neurologic deficit may develop as a result of encroachment
of the odontoid into the foramen magnum or instability at
the C1-2 articulation (see Fig. 10-7). Arnold-Chiari type I
malformation is also associated,'*****

Treatment for neurologic compromise, either irritative
(pain, deformity) or a frank deficit, invariably involves ex-
tension of the occipital-atlantal fusion to include the axis
or perhaps C3, depending on whether or not the decompres-
sion is necessary. Transoral resection of the odontoid is the
logical choice for anterior cord or brain stem impingement,
while posterior craniectomy/C1 laminectomy are logical for
posterior compression associated with anterior C1-2 insta-
bﬂlt}" 14,93,143

TECHNIQUES FOR UPPER CERVICAL FUSION. As delineated in the
previous sections, occipitocervical arthrodesis is required to
correct deformity or instability involving the craniocervical
junction. Because of the significant forces producing move-
ment between the skull and cervical spine, fixation of an
upper cervical-to-occiput fusion is crucial to achieve
arthrodesis. Immobilization with a halo device is strongly
recommended, but additional internal fixation and specific
bone grafting techniques are important to achieve the high-
est rate of fusion.* Bur holes can be placed near the
foramen magnum, so that wire or heavy suture (in the case
of young infants or children) can be passed either from bur
hole to bur hole or from bur hole through the foramen

magnum, and then fixed distally to the desired cervical
level.”! Equally important is the creation of a shaped cortico-
cancellous bone graft, either one-piece or bilateral, that can
be compressed against decorticated occipital bone and the
cervical laminae (see Fig. 10—11). This graft is preferentially
obtained from the posterior iliac crest. Alternatively, ribs
can be harvested in young children. The graft is shaped to
lie against the decorticated occipital surface, and in the case
of a suboccipital craniectomy for decompression, it may be
more convenient to cut the graft into two separate rectangu-
lar pieces to be placed on each side of the foramen magnum.
The graft is fixed to the occipital bone by tightening wires
over it, or a small hole may be placed in the graft so that
wire or suture exiting a bur hole can be placed through
the graft for fixation (Fig. 10-12). Caudally, the graft is
compressed to the cervical laminae, either by passing wire
sublaminarly (under the ring of C2, for example) or through
the spinous process, and twisting or tying the wire or suture
to fix the graft in position. The use of a threaded K-wire
transversely through the base of the spinous process”'* adds
additional stability to the caudal fixation for a wire or suture
(see Fig. 10—12). Such an approach has resulted in a high
rate of fusion.**!#

For atlantoaxial arthrodesis in children with C1-2 insta-
bility, standard techniques such as those of Gallie, Brooks,
or Mageryl (Fig. 10—-13) can be utilized, depending on the
experience of the surgeon and the bony anatomy available.
Transarticular screw fixation is biomechanically the stiffest
of these methods and is recommended whenever possible
because of the enhanced stability it procures in the setting
of C1-2 instability.'"™ For patients with incomplete posterior
elements who are too small for transarticular screws,
arthrodesis in situ with halo immobilization may be appro-
priate. Alternatively, in patients with incomplete or cartilagi-
nous posterior spinous processes, Dewar’s technique” using
a K-wire across the posterior laminae above the dura is an
excellent method for anchoring wire or suture that cannot
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Burr holes

Decorticated occiput

Dewar threaded wire

FIGURE 10-12 A to C, Scheme of occiput-C2 fusion following C1 decompression. D, The threaded wire technique
of Dewar is useful when sublaminar passage of wire or suture is undesirable.



Cc
FIGURET10-13 AtoD, Gallie, Brooks, Mageryl techniques for atlantoaxial arthrodesis in children with C1-2 instability.

be passed sublaminarly (see Fig. 10-12D).* In patients less
than 9 years old who are undergoing any posterior cervi-
cal fusion, this technique has been recommended to avoid
wire pulling through a possible cartilaginous spinous pro-
cess.”

Acquired Torticollis

ATLANTOAXIAL ROTATORY
DISPLACEMENT

The most common condition producing acquired, painful
torticollis is atlantoaxial rotatory displacement (AARD). Be-
cause of the relative frequency of upper respiratory infec-
tions, inflamed adenoids, and other oropharyngeal sources
of bacteremia and the association of such sources of sepsis
with Grisel’s syndrome,*”'* children frequently present
with an acquired torticollis that, when manipulated to cor-
rect the deformity, elicits significant pain and resistance. The
pathophysiology of spontaneous atlantoaxial displacement is
probably inflammation of adjacent neck tissues resulting
from a direct connection between the periodontoidal venous
plexus and the pharyngovertebral veins of the posterosuper-
ior pharynx."” This connection provides a route for hema-
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togenous transport of peripharyngeal bacteria to the upper
cervical spine region, leading to inflammatory hyperemia,
which then produces ligamentous laxity at the atlantoaxial
articulation. Coupled with regional lymphadenitis causing
spasm and contracture of cervical musculature, the venous
anatomy described by Parke and colleagues offers an expla-
nation for the occurrence of AARD following upper respira-
tory infection, ENT procedures, and other forms of oropha-
ryngeal surgery."” The rotatory laxity at C1-2 can then
progress to a fixed position or torticollis.”

Other causes have also been proposed, most commonly
trauma.* Meniscal-like folds of synovium in the occipital-
atlantal and atlantoaxial joints, which can then be infolded
during a sudden rotatory displacement (trauma), may actu-
ally prevent relocation of the atlantoaxial joints.™

Fixed dislocation of the atlantoaxial joint (and thus rigid
torticollis) is seen in only a small percentage of rotatory
displacements. The milder forms of rotatory displacement
probably resolve spontaneously without coming to medical
attention, as the rotated displacement spontaneously reduces
when the inflammatory process recedes. Fixed displacement
is characterized by rigid torticollis, with the SCM muscle
on the contralateral side, away from the head tilt, being in
spasm and prominent, as if the muscle were trying to correct
the deformity (Fig. 10~14). This is in contrast to the physi-
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FIGURE 10-14 A and B, Clinical appearance of an 8-year-old boy with
rigid torticollis. He had fallen off a jungle gym and hit his head several
months earlier. C, Maximum extension. The left (contralateral) SCM is
prominent (arrow). The patient had essentially no rotational movement.
D, Lateral radiograph showing an increased ADI (arrows), indicative of
persistent malreduction. Note residual tilt even with careful supervision of
head position during fluoroscopy. E, CT scans showing rotatory displacement
and minimal SAC,




cal findings in congenital muscular torticollis. Besides the
“cock robin”™ tilt of the head and the finding of a prom-
inent, contracted SCM muscle on the long side of the de-
formity, range of motion is markedly decreased, and the
patient may experience pain at rest as well as increased pain
with head manipulation. Plagiocephaly is usually not pres-
ent unless the deformity has persisted for years. In posttrau-
matic cases, the inciting incident is often subtle and un-
known to the parents, and in fact it may never be identi-
ﬁed_lli

Radiographic Findings. As with any torticollis, radio-
graphs of the cervical spine and occipitocervical junction
are often difficult to interpret. Malalignment of the head,
along with the inability to comfortably position the patient,
make it difficult to adequately assess this area, thus delaying
the diagnosis.*™' Anteroposterior or open-mouth views of
C1-2 are not useful, because it is impossible to differentiate
the apparent facet subluxation seen in a normal child whose
head is rotated from a fixed subluxation produced by AARD.
The head tilt produces distortion of the normal appearance
of the C1-2 joint on a routine lateral x-ray, and thus a true
lateral view of the skull'® is recommended. It is believed
that the ring of C1 moves with the occiput.”' Consequently,
tilting of the head tilts C1, and a true lateral view of C1 is
seen on a true lateral view of the skull. Such a radiograph will
usually demonstrate an increased ADI due to the rotatory
displacement (see Fig. 10-14D), thus giving the best plain
radiographic evidence of AARD.

Cineradiography was used in the past to demonstrate
the rotatory fixation,"* but this older technique has been
superceded by CT.* The diagnosis of rotatory fixation rests
on the demonstration of a fixed rotation between C1 and
C2 when the head is rotated maximally to the right and to
the left and shows no motion or reduction of the rotatory
displacement.

Rotatory displacement has been classified into four
types:*! type 1—a simple rotatory displacement without an-
terior shifting of C1; type 2—rotatory displacement and an
anterior shift of 5 mm or less; type 3—rotatory displacement
with an anterior shift of more than 5 mm; and type 4—
rotatory displacement with a posterior shift. Anterior dis-
placement of more than 3 mm in older children and more
than 4 mm in younger children is considered pathologic.**
Such displacement usually can be discerned on the true
lateral view of the skull, but it is definitively seen on CT.
Type 1 is by far the most frequent in the pediatric age group
and is the most benign form, often resolving by spontane-
ous relocation of the facet joints. Types 2 and 3 (see Fig.
10-15C), in which some anterior shift is present, are the
more severe, fixed rotatory displacements; and because of
the decreased space available for the cord, these displace-
ments raise the potential for neurologic compromise, which
fortunately is rare in this condition, presumably because of
the normally large diameter of the cervical canal.'

Treatment. The treatment of AARD is usually dictated by
the duration of symptoms and deformity and proceeds in
stepwise fashion from supportive analgesia and observation
to surgical realignment and arthrodesis.'”* Patients with rota-
tory displacement of less than 1 week’s duration can be
treated with immobilization in a soft collar, combined with
heat, rest, and analgesics. Full radiographic documentation
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is not necessary if the clinical presentation is typical. If
spontaneous resolution does not occur and if more thorough
imaging or evaluation does not suggest another cause (see
below), then hospital admission for the use of halter traction,
muscle relaxants, and stronger analgesics is recommended.
Traction may be applied with the patient supine in bed, or it
may be attempted with the patient sitting, using an overhead
frame or traction apparatus over the top of a door. The
use of other modalities (massage, deep heat, ultrasound,
transcutaneous electrical nerve stimulation) to relieve spasm
may also have value. Patients with rotatory displacement of
more than 1 week’s duration at presentation should probably
be hospitalized directly for cervical traction and pharmaco-
logic relaxation. If the cervical traction is unsuccessful or
poorly tolerated (chin straps are not uncommonly discarded
after a few days, at most), halo traction should be instituted.
The halo allows both longitudinal and rotational forces to
be applied to the head, thus increasing the chances for
spontaneous reduction. Reduction should be confirmed by
CT and held by a halo-vest apparatus for up to 3 months.
In the author’s experience, discontinuation of halo immobi-
lization at 6 weeks allows resubluxation to occur, as the
period of time required for atlantoaxial ligamentous healing
probably exceeds the traditional 6 weeks of immobilization
(Fig. 10-15). Other series'” have also noted recurrence and
resubluxation with periods of immobilization ranging from
2 to 8 weeks. In addition, an unstable reduction may not
remain reduced in a halo vest, with resubluxation occurring
and noted radiographically, usually within 1 week following
immobilization in a vest (Fig. 10-16).

In patients presenting with rotatory displacement of more
than 1 month’s duration, the prognosis for successful closed
reduction becomes guarded, and whereas traction is the
appropriate first step, a halo device should probably be used
from the outset to maximize the effects of the traction.
Although traction has been recommended for up to 3
weeks," failure to achieve reduction after 1 week probably
indicates the need for closed reduction (repositioning) (see
Fig. 10-15) and possible surgical fusion. Patients whose
displacements do not reduce in traction can undergo reposi-
tioning under anesthesia and, with fluoroscopic control and
neurologic surveillance (e.g., SSEP monitoring), can be
placed in a halo-vest device in the slightly overreduced (over-
rotated) position."**” Resubluxation may occur, and poste-
rior C1-2 arthrodesis is then indicated (see Fig. 10-16).
If the displacement cannot be reduced even by closed re-
positioning under anesthesia, the physician should pro-
ceed directly to surgical stabilization under the same an-
esthetic.

Posterior C1-2 fusion must be performed with maximal
control of the patient’s head, and thus a halo device should
always be used for positioning. Fusion should be performed
for any anterior subluxation, as this is potentially an unstable
situation and can lead to a decreased SAC. Neurologic
involvement preoperatively is rare; if present, it is an indica-
tion for immediate surgical reduction and/or decompres-
sion. In a patient with a longstanding unreducible AARD, an
attempt at reduction by repositioning is not recommended
because of possible neurologic injury. The C1-2 articulation
should be stabilized in situ, and traditionally a Gallie-type
fusion*** has been recommended, with sublaminar wiring
under the ring of C1 and around the spinous process of C2.



FIGURE 10-15 A, Painful torticollis 4 months after an un-
known inciting incident in a 4-year-old child. B, CT scan
showing type 2 atlantoaxial rotatory displacement (AARD).
C, Types 2 and 3 AARD. (Modified from Fielding JW, Hawkins
RJ: Atlanto-axial rotatory fixation [fixed rotatory subluxation
of the atlanto-axial joint]. ] Bone Joint Surg 1977;59-A:37.)
D and E, Closed reduction and immobilization in halo vest
after 1 week of traction.
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FIGURE 10-15 Continued. F, CT scan after reduction. The head has been overrotated to the right to maintain
reduction. G, After 12 weeks, the reduction is maintained. H, CT apperance 1 year after reduction. Normal motion

of the neck returned.

Sublaminar wire passage under C2, as in a Brooks fusion,"
might jeopardize the dura in a narrowed SAC. The wiring
is not intended to reduce the displacement but merely to
stabilize it while arthrodesis occurs.

More recently, C1-2 transarticular screw fixation® has
been an effective alternative, as it produces superior fixa-
tion,'™ and, if a lag screw technique is used, particularly in
a type 2 AARD, to pull the anteriorly displaced side of
the CI ring posteriorly, it can actually reduce the rotatory
displacement (see Fig. 10-16). The Mageryl technique does
not require sublaminar passage of wires and thus does not
invade the narrowed SAC, and it is invaluable should the
posterior arch of C1 be incomplete, but yet another set
of anatomic structures (e.g., the vertebral artery) must be
avoided during screw placement. The use of cannulated
screw systems is strongly recommended should the C1-2
transarticular screw technique be chosen. Due to the unrelia-
bility of young children, halo-vest immobilization is main-
tained in all patients with C1-2 fusions, regardless of the

type of internal fixation used. With combined internal and
external immobilization, rapid C1-2 fusion is usually noted
in 6 to 8 weeks, at which time the halo is removed and
the patient is allowed to resume normal activities, with the
usual restrictions for patients who have undergone a cervical
fusion. Although some rotation is lost due to the fusion of
C1-2, significant recovery of motion, including rotation
though the subaxial spine, occurs rapidly once the ar-
throdesis is solid and the displacement stable.

NEUROGENIC TORTICOLLIS

Rarer forms of torticollis must be considered when a defor-
mity that is presumed to be of a congenital muscular type
at initial presentation does not respond to the appropriate
nonoperative measures or clearly becomes painful. The ma-
jor neurologic causes include tumors of the CNS (posterior
fossa or brain stem), Arnold-Chiari malformation, syringo-
myelia, and paroxysmal torticollis of infancy.
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FIGURE 10-16 A, Closed reduction under anesthesia of the patient shown in Figure
10-14. He was placed in a halo-vest device. B, Incomplete reduction on CT scan, with
some persistent anterior subluxation of the right facet. C, One week later, C1-2 is again
displaced. D, Intraoperative position for cannulated screws for Cl-2 fixation.
E, Radiographic appearance 2 months postoperatively. The patient’s halo immobilization
was discontinued. Solid C1-2 arthrodesis is evident.
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FIGURE 10-17 MRI of the brain stem, revealing the source
of rigid torticollis associated with an ataxic gait.

A CNS tumor can manifest with essentially any neuro-
logic sign—motor deficit, reflex changes (long tract signs),
cranial nerve lesions, or signs of increased intracranial pres-
sure. Additionally, owing to the mass effect of the tumor,
the expansion of CNS tissue into the foramen magnum
or cervical cord will generally produce restricted, painful
motion of the head. Extraocular muscle paralysis, nystag-
mus, and papilledema are findings that should immediately
raise the suspicion of a CNS tumor. Initially the torticol-
lis may be diagnosed as congenital muscular torticollis,
or the patient may be thought to have an obstetric palsy
or cerebral palsy.””’ The rigidity of the deformity and ir-
ritability in a young child are additional indicators of the
presence of a CNS tumor. The examiner’s index of suspi-
cion is crucial to the completeness of workup of the head
tilt.

MRI of the head and cervical cord is the mainstay in
diagnosing CNS tumors (Fig. 10-17). MRI should probably
be the first study ordered if a neurogenic cause of torticollis is
being considered, because it will accurately diagnose tumors,
syrinx, and Arnold-Chiari malformations. Additionally, a
bony inflammatory process such as diskitis, vertebral osteo-
myelitis, or an osteoid osteoma may also be identified during
the search for the possible CNS tumor.

Because of the difficulty in confirming definite neurologic
signs in young children, a delay in diagnosing an underlying
CNS tumor can be significant, with the patient’s overall
health and survival sometimes at issue. Early recognition of
an abnormal response in what is believed to be congenital
muscular torticollis is probably the most important aspect
of suspecting a noncongenital muscular cause. Consulta-
tion with a pediatric neurologist or neurosurgeon should
be obtained whenever such an abnormal clinical response
occurs.

Non-neoplastic causes of neurogenic torticollis primarily
include the Arnold-Chiari malformation and associated
expansion of the cervical cord from syringomyelia. An
Arnold-Chiari type II malformation associated with myelo-
meningocele is routinely diagnosed, owing to the coexis-
tence of the spinal and lower extremity deformities. The
Chiari type I malformation, however, may be due to congen-
ital deformities of the brain stem and cerebellum and is a
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not uncommon cause of an otherwise unexplained iso-
lated torticollis associated with headaches and muscle
spasm.”

A neurogenic torticollis is generally treated neurosurgi-
cally, so that the role of the pediatric orthopaedist becomes
critical in identifying an underlying neurosurgical cause for
the apparent orthopaedic deformity.

A rarer form of episodic torticollis, paroxysmal torticollis
of infancy, is thought to be due to malfunction of the vestib-
ular system.'™'” Affected children are usually female and
can present up to the age of 2} years, with episodic attacks
of torticollis lasting from minutes to days, accompanied by
lateral trunk curvature, ocular deviation, and alternating
side of the torticollis. A family history of migraine is often
associated, suggesting that the vestibular malfunction may
be an infantile or pediatric response to a localized migraine-
like episode. The diagnosis is one of exclusion, again requir-
ing neurologic consultation. Fortunately, the condition ap-
pears to be self-limiting and does not require therapy.

INFLAMMATORY /SEPTIC CAUSES

Vertebral Osteomyelitis and Diskitis. In the radiographic
evaluation of a patient with painful acquired torticollis, disk
space narrowing or erosion of a vertebral body may be
identified. When associated with fever and other signs and
symptoms of infection, this vertebral osteomyelitis/diskitis
is treated as any other pediatric spinal infection. Termed
infectious spondylitis by Ring and colleagues,"" the condi-
tion manifests with pain and difficulty in moving the head,
and in approximately one-third of patients, Staphylococcus
aureus can be isolated from either blood cultures or biopsy
specimens of the involved disk space or vertebral body.
However, with typical radiographic findings and the clinical
syndrome, it is not necessary to wait for positive culture
results before instituting treatment with antibiotics appro-
priate for gram-positive organisms. Disk and bone biopsy
cultures are appropriate only if the clinical response to an
initial course of antibiotics is unfavorable.

In a typical clinical response, the patient becomes afebrile
and the pain resolves fairly rapidly with the institution
of antistaphylococcal antibiotics. Nonsteroidal anti-inflam-
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matory medicines are also useful in relieving localized neck
pain and spasm. The intervertebral disk space may eventually
reconstitute to varying degrees, but it rarely retains a normal
height, and eventually spontaneous anterior vertebral fusion
can occur. Surgical debridement for pathologic diagnosis
and excision of the septic focus is necessary only when there
is persistent evidence of osteomyelitis and the initial course
of antibiotics is unsuccessful in resolving symptoms, such
as in a case of fungal or microbacterial infection.

Tumor-like Conditions. Along with cervical inflammation
due to infectious processes, several tumor-like conditions—
eosinophilic granuloma, osteoid osteoma, osteoblastoma—
can produce similar inflammatory or painful symptoms
identical to the symptoms of a septic process. Eosinophilic
granuloma usually produces vertebra plana, owing to
involvement of the vertebral body, and its presence is usually
obvious on plain radiographs.®'* However, should the le-
sion involve the upper cervical segments or base of skull,
complex imaging may be needed to detect it.!"****!*" Lesions
of the upper cervical area or base of the skull may not be
“hot” on bone scan®® unless pathologic fracture has oc-
curred, in which case instability as well as deformity may
be the major clinical symptom. Maintaining a high index
of suspicion—as in all types of painful, acquired torticol-
lis—stimulates continued imaging until an occult lesion
is found.

Treatment of eosinophilic granuloma usually requires
little more than biopsy and curettage.* Most lesions of the
spine resolve with minimal surgical intervention.” However,
should neurologic deficit or instability occur, decompression
and fusion may be required.™"

Intervertebral Disk Calcification. This condition is diag-
nosed by the presence of calcified deposits delineating the
nucleus pulposus on a lateral radiograph of the cervical
spine. Over 100 cases have been reported,” " with approxi-
mately one-fourth of the children presenting with torticollis.
Movement is painful and limited, and, rarely, radicular signs
or myelopathy are present. Because some one-fourth of
children also present febrile, there is suspicion that this also
represents a form of disk space infection, although trauma
has also been proposed as a cause. MRI demonstrates in-
flammatory involvement of the vertebral body as well.* Mild
disk protrusion is seen in symptomatic patients.

The cause of the calcification is obscure. There does not
appear to be an accelerated aging process, as might be ex-
pected with the finding of calcific disk deposits in adults,
because the calcific deposits regress and disappear in approx-
imately 90 percent of children. Frank pyogenic spondylitis
also appears to be ruled out, because the symptoms resolve
rapidly in the majority of patients with simple symptomatic
treatment. Analgesics, cervical collars, and bedrest with trac-
tion have all been successfully employed. Long-term se-
quelae, even with persistence of the calcification over the
long term, do not appear to be significant, although degener-
ative changes may result.'

Juvenile Rheumatoid Arthritis. Patients with polyarticu-
lar or systemic onset juvenile rheumatoid arthritis (JRA)
may demonstrate involvement of the cervical spine, usually
early in the disease course, and usually present primarily
with stiffness and loss of motion. Pain may also accompany

the presentation.”’ Although patients with JRA may have a
variety of cervical abnormalities, including erosion of the
odontoid process, C1-2 subluxation, ankylosis of apophy-
seal joints, and subaxial subluxation due to rheumatoid
involvement of the facet joints, a presentation that includes
torticollis is rare, and additional diagnostic studies should
be undertaken to rule out other causes of painful torticollis.
The most frequent source of torticollis with JRA involvement
is basilar impression due to erosion at the occipitocervical
junction, which is rare in the pediatric age group.” Erosion
of the lateral mass of the atlas with collapse can also cause
a rigid, nonreducible head tilt.”” As noted earlier, instability
at either the upper cervical or subaxial levels due to bony
erosion or subluxation is the main indication for treatment
of the rheumatoid cervical spine. Positioning of the head
with a cervical collar is appropriate nonoperative treatment
for both torticollis and cervical instability unless there is
neurologic involvement. In patients with systemic involve-
ment, motion of the cervical spine is impaired, especially
with apophyseal joints ankylosed early. Because of the ten-
dency toward spontaneous ankylosis, instabilities tend to be
self-limiting, but any patient with persistent neck pain and
any sign of neurologic deficit must be evaluated by MRI
or other imaging modalities to determine whether there is
compression or stenosis secondary to basilar impression or
subluxation. In these children, treatment of the instability or
stenosis is performed as for any cervical anomaly, including
decompression and fusion.

Sandifer’s Syndrome. This syndrome, associated with gas-
troesophageal reflux, produces abnormal posturing of the
head and neck'™"* and is commonly seen in children with
cerebral palsy or other conditions known to be associated
with gastroesophageal reflux. The torticollis is believed to
result from the child attempting to alleviate the pain of
esophagitis from the reflux. Patients with significant gastro-
esophageal reflux may present with more obvious symptoms,
such as vomiting, failure to thrive, and recurrent respiratory
disease. In an infant, the differential diagnosis includes con-
genital muscular torticollis as well as the various dysplastic
and congenital anomalies of the cervical spine. The patient
usually is irritable from the esophagitis and associated respi-
ratory discomforts, but range of motion of the neck is usually
maintained, with no finding of SCM contracture. In this
situation, by the process of exclusion, Sandifer’s syndrome
should be considered. The diagnosis is generally made by
contrast studies demonstrating the reflux and appropriate
pH studies of gastric contents confirming the esophagitis.”
Treatment of the underlying gastroesophageal reflux cures
the torticollis.

Ocular Torticollis. Ocular torticollis is a form of acquired
torticollis, although the lesion that causes it is probably
congenital. The diagnosis usually is not made until the child
is approximately 9 months old, after head control and sitting
balance are achieved. At this point, paralysis of the extraocu-
lar muscles—usually the superior oblique—produces stra-
bismus and diplopia when the patient’s head is level, and
so the patient rotates the head to the uninvolved side in order
to correct the diplopia.' The absence of SCM contracture in
the setting of normal radiographic and neurologic findings
should alert the examiner to the possibility of an ocular
abnormality, with formal ophthalmologic consultation ob-



tained to confirm the diagnosis. Treatment of the extraocular
muscle imbalance cures the torticollis.

Cervical Kyphosis

Because the cervical spine is normally in lordosis, any kypho-
sis should be considered pathologic. Because of the relatively
horizontal orientation of the cervical facet joints in a younger
child,” one would expect a tendency for anterior translation
and subluxation to produce kyphosis in the cervical spine,
insofar as the weight of the child’s head, being proportion-
ately greater relative to the weight of the rest of the body
at this age, produces a flexion moment. Nevertheless, except
in specific instances in which dysplasia of an anterior verte-
bral body is present or in which the posterior cervical stabil-
ity has been disrupted by laminectomy or disease, cervical
spine kyphosis is relatively rare. It may be considered con-
genital or developmental when it is associated with syn-
dromes or skeletal dysplasias, or acquired when it occurs
after laminectomy.

Congenital or developmental cervical kyphosis is as-
sociated with Larsen’s syndrome,”*7"% diastrophic dys-
plasia,**""%%" chondrodysplasia punctata (Conradi’s syn-
drome),"” camptomelic dysplasia,” and neurofibromato-
sis 2 HE07EILI Because of the generalized skeletal involve-
ment that may accompany any of these syndromes, the
early diagnosis of cervical kyphosis depends heavily on the
physician’s index of suspicion. In addition, because of the
early age at which the kyphotic deformity is present—at or
shortly after birth, in most cases—the possibility of severe

CHAPTER 10—Disorders of the Neck **+ 195

neurologic compromise developing in infancy necessitates
early diagnosis and treatment. Although the syndromes asso-
ciated with cervical kyphosis are rare, the devastating neuro-
logic compromise resulting from failure to diagnose this
deformity—a lifetime of paralysis, and even sudden death—
has been well documented, especially for patients with
Larsen’s syndrome,*50%:197

CLINICAL FEATURES

In Larsen’s syndrome the physician may be faced with one
of the most challenging sets of orthopaedic deformities in
existence. As originally noted by Larsen and colleagues in
1950, affected patients present with multiple joint disloca-
tions (hips, knees, elbows) and frequently with various foot
deformities (clubfoot, serpentine or “Z-foot,” equinoval-
gus). Dysmorphic facial features include frontal bossing and
a flattened nasal ridge. In the past, the multiple extremity
deformities tended to distract attention from the cervical
deformity, which was not emphasized in the original de-
scription of the syndrome™ but is potentially the most seri-
ous and life-threatening manifestation of the syndrome be-
cause of impingement on the spinal cord at the apex of the
kyphosis (Fig. 10-18). A typical presentation is that of an
infant or young child who is nonambulatory due to “hypoto-
nia,” which traditionally was thought to be a part of the
syndrome. Because of the multiple joint dislocations and
foot deformities, more traditional methods of diagnosing
spinal cord compression, such as tests to establish normal
muscle strength or to identify pathologic reflexes, are diffi-
cult to perform or yield uninterpretable results. If cord com-

A

FIGURE 10-18 A, Lateral radiograph of a 10-month-old infant with Larsen’s syndrome. B, MR image showing cord

impingement and narrowing,



196 * ** Anatomic Disorders

pression in an infant occurs prior to myelinization, the
presence of hyperactive deep tendon reflexes or spasticity
as a sign of upper motor neuron dysfunction will not be
present; in fact, hypotonia is the more likely finding. Thus,
as in any infant presenting with hypotonia, cervical cord
compression must be considered during the neurologic eval-
uation.

In diastrophic dysplasia the neurologic evaluation of such
an infant or young child is further disturbed by the marked
contractures and stiffness of the joints. Whereas in Larsen’s
syndrome laxity is the major finding, even though joints
may be dislocated, the joints in diastrophic dysplasia show
fixed contractures, often severe, and thus prevent an assess-
ment of muscle strength or reflexes. The diagnosis is usually
obvious, owing to the typical dwarfing of the extremities,

FIGURE 10-19  Diastrophic dysplasia. A, Clinical appearance.
B, Lateral cervical radiograph. Because of the severe kyphosis,
the odontoid is horizontal. C, Radiograph showing gradual cor-
rection by means of the halo-Ilizarov distraction technique prior
to fusion (see Fig. 10-24). C

the severe contractures, the typical “hitchhiker’s thumb,”
rigid talipes equinovarus, and the characteristic chondritis
of the ear cartilage, producing a pathognomonic ear defor-
mity.””"*"! In a patient who has achieved sitting balance, the
kyphosis of the cervical spine may be quite obvious, owing
to the flexed position of the head (Fig. 10-19).

In Conradi’s syndrome (chondrodysplasia punctata), the
infant or young child will again appear hypotonic and will
have characteristic facies, with an apparent dwarfing syn-
drome. Skin manifestations are an additional indication of
the diagnosis, but the sine qua non is the finding of stippled
calcification on radiographs, which may be present only in
the earliest infant films and then gradually disappear over
time (Fig. 10-20).>""

In neurofibromatosis, cervical kyphosis is more likely to




E

FIGURE 10-20 A, Stippled calcifications diagnostic of chondrodysplasia punctata. B, Upper cervical kyphosis in a
6-month-old infant with severe hypotonia and recurrent pneumonias. C, Deformation of the skull by screws because
of soft bone and open cranial sutures. The most posterior screws loosened quickly. All screws were clinically loose at
6 weeks, but this was felt to be an adequate immobilization for such a young child. D, Posterior occiput-C5 fusion
was performed to stabilize the kyphosis. E, Resorption of graft and pseudarthrosis following attempted occiput-C5

fusion at age 12 months.

197
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occur in patients who are already known to have scoliosis
or kyphoscoliosis.”**** The underlying neurofibromatosis will
almost certainly have been diagnosed because of the skin
manifestations, and in general, the cervical kyphosis may be
found coincidentally after diagnosis of the spinal deformity.
Actual neurologic compromise from kyphosis is unusual,
although cord compression or dysfunction from intraspinal

FIGURE 10-21

neurofibromas is well known (Fig. 10-21). The main issue
with neurofibromatosis is to diagnose intraspinal masses
before instituting traction (e.g., to treat a spinal deformity).
The cervical spine abnormalities usually produce no symp-
toms whatsoever, with the only evidence being an abnormal
lateral posture of the head and neck seen on clinical exami-
nation.

Neurofibromatosis. A, Lateral cervical radiograph of a 3-year-old child who had transient weakness
and neck pain following a roller-coaster ride. B, MR image showing marked compression due to a spondyloptosis of
C6 on C7. The patient was placed in a halo vest. C, Anterior and posterior fusion was performed, owing to the risk
of pseudarthrosis in neurofibromatosis. Posterior fusion was carried up to C2 because of the localized kyphosis at
C2-3. D, Radiograph obtained 2 years postoperatively showing stabilization.



RADIOGRAPHIC FINDINGS

The cervical spine in Larsen’s syndrome is characterized
by multiple spondylolyses affecting several of the subaxial
cervical vertebrae. The kyphosis usually develops because
of hypoplasia of one or two midcervical vertebrae, most
commonly C4 and C5 (see Fig. 10-18). A certain amount
of flattening or platybasia of several of the vertebral bodies
may also be present, and additionally, dysplasia of the poste-
rior elements with incomplete formation of the spinous
processes may be evident.** The actual kyphosis may range
from 35 to as much as 100 degrees,””" and the observation of
relatively little neurologic compromise despite an alarming
degree of kyphosis should not deter the physician from
promptly stabilizing this deformity.

In diastrophic dysplasia, the presence of cervical kyphosis
is better known than in Larsen’s syndrome, having been
reported to occur in 15 to 44 percent of patients.**!1%*2 The
same hypoplastic vertebral bodies, especially C3, C4, and
C5, associated with dysraphic posterior elements are noted.
In addition, patients with diastrophic dysplasia usually ex-
hibit a horizontal odontoid, thus requiring a significant
occipital hyperlordosis in order to keep the head upright
(see Fig. 10-19). In contradistinction to Larsen’s syndrome,
the kyphosis in diastrophic dysplasia has been reported to
correct spontaneously.**!"?" The most current recommen-
dation is to observe kyphoses less than 60 degrees that have
no associated neurologic symptoms, with resolution on se-
rial radiographs expected by age 7."" On the other hand,
kyphoses greater than 60 degrees with apical vertebral wedg-
ing must be followed closely. Severe or progressive kyphosis
can lead to quadriparesis and death.*'*

In Conradi’s syndrome, kyphosis is again associated with
hypoplastic or dysplastic vertebral bodies. Because of poor
ossification and stippling (see Fig. 10-20), elucidation of
bony detail may require other imaging studies, such as CT
or MRI (see Fig. 10-20). Due to persistent dysplasia and
hypoplastic growth of the cervical vertebra in Conradi’s
syndrome, correction of kyphosis by anterior growth in
the presence of posterior fusion may be ineffective for this
condition (see discussion under Treatment, below).

In neurofibromatosis, radiographic findings include dys-
plastic kyphosis at any location between C2 and C7. Scal-
loping of the vertebral bodies posteriorly as well as enlarge-
ment of cervical foramina, typical of neurofibromatosis
involvement of the spine in other areas, is common, and
the kyphosis, if sharply angular, may be associated with
significant vertebral wedging. The degree of dysplasia of
osseous structures tends to correlate with the severity of the
deformity.*”' Instability is an additional factor that may
exacerbate any cord impingement by kyphosis. Dural ectasia
may produce marked laxity or pathologic dislocation at
either the occipitocervical or subaxial levels.!*1#

TREATMENT

The discovery of cervical kyphosis requires immediate as-
sessment because of the threat of neurologic compromise.
A baseline MRI to determine the narrowness of the cervical
canal and the degree of anterior impingement is strongly
recommended, even in a patient who appears to be neuro-
logically intact. If the kyphosis is mild and no neurologic
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deficit can be determined, a period of observation may be
appropriate, with the possibility of diastrophic dysplasia
resolving sponteneously, as mentioned. Because the actual
incidence of cervical kyphosis in these rare conditions is
unknown, follow-up radiographs are probably appropriate
for all of these diagnoses, even though the initial screening
radiograph may show minimal or no deformity. There is
no question that, in Larsen’s syndrome at least, cervical
kyphosis is probably underdiagnosed.”®

Orthotic management of cervical kyphosis may be appro-
priate in an attempt to buy time and allow growth before
surgical stabilization is performed. There is no evidence that
orthotic management alters the natural history of a cervical
kyphosis," but it may afford some protection until the
prognosis can be determined. If the deformity is diagnosed
before age 1 year and if there is no compelling neurologic
deficit requiring immediate attention, surgical stabilization
will be more technically feasible and solid arthrodesis more
likely to occur if the surgical stabilization can be delayed to
around 18 months of age. We have performed posterior
fusion in children less than 1 year old, but, contrary to the
traditional belief that posterior cervical fusion is almost
assured in a young child, pseudarthrosis has occurred in
patients with Larsen’s syndrome and in those with Conradi’s
syndrome (see Fig. 10-20E). For this reason we currently
recommend delaying posterior cervical fusion if at all possi-
ble until around age 18 months. Of course, neurologic deficit
developing prior to this age eliminates not only the possibil-
ity of orthotic management but also any delay in stabilization
or decompression.

Surgical options for stabilization include posterior cervi-
cal fusion, anterior cervical fusion, or both.*”*!* Decom-
pression requires anterior vertebrectomy, as the source of
the cord impingement is anterior, the apex of the kyphosis.
In a young child with significant kyphosis, the surgeon faces
a dilemma, in that anterior fusion in situ, an appropriate
treatment for deformity without neurologic deficit, may in
fact prove detrimental as growth proceeds and the spinal
cord becomes chronically compressed against a thick, fused
kyphosis. Anecdotal experience with anterior cervical fusion
alone has been poor, as an early anterior fusion fixes the
anterior column length, but if the posterior elements are
allowed to continue to grow, the kyphosis may worsen, and
the apical vertebral body anteriorly may gradually project
further and further posteriorly into the spinal canal, produc-
ing late neurologic deficit (Fig. 10-22). Anterior cervical
fusion is frequently recommended for a kyphotic deformity,
because placing the anterior bone graft under compression
achieves solid arthrodesis. However, in an infant or young
child, the difference in growth between the anterior and
posterior elements almost necessitates a posterior fusion to
accompany any anterior fusion, to eliminate the possibility
of increasing kyphosis with posterior element growth in the
face of an anterior tether. Thus, in our hands, the main
indication for an anterior fusion in young children with
cervical kyphosis is to stabilize the anterior column following
anterior decompression, or to salvage a posterior cervical
fusion that has failed because of pseudarthrosis.®”

Indeed, the advantages of posterior cervical fusion in the
young child are significant. First, a successful posterior fu-
sion will tether posterior growth, and any anterior vertebral
growth will then gradually correct the deformity and may
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FIGURE 10-22 Larsen’s syndrome in a 3-year-old child. A, Initial radio-
graph. At presentation, the child had difficulty walking because of weakness.
B, Reduction of kyphosis in traction. C, Radiograph showing anterior strut
grafting from C3 to C7. No posterior fusion was performed. D, Radiograph
obtained 2 years later, after the child fell and became quadriplegic. Although
there is solid anterior fusion, posterior growth has increased the kyphosis,
and the body of C5 protrudes posteriorly into the canal. E, MR images
demonstrating protrusion of the C5 body. The patient suffered respiratory
E arrest following emergency anterior decompression and died.
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FIGURE 10-23 A, A 34-degree kyphosis in a 10-month-old child.
B, Radiographic appearance 1 year postoperatively (posterior fusion of
C2 to C6). C, Radiograph obtained 4 years postoperatively showing normal
cervical lordosis. D, Radiographic appearance 10 years postoperatively.
The kyphosis has progressed further, so that forward flexion is restricted.
E, Radiographic appearance 11 years postoperatively. The patient had
developed radicular pain. The dura now was impinged on posteriorly by
the cephalad edge of the fusion mass, requiring decompression.
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FIGURE 10-24 A and B, Gradual distraction applied to a halo device by threaded rods in a patient with rigid kyphosis.

even reverse the kyphosis into a more normal cervical lordo-
sis (Fig. 10—23). This is the basis for preferring posterior
cervical fusion, if no neurologic deficit requires decompres-
sion. In addition, posterior cervical fusion is a technically
simpler procedure in a small child and avoids possible respi-
ratory and vascular complications, which are suspected
causes of sudden death in patients undergoing anterior cervi-
cal fusion (see Fig. 10-22)."% The use of a halo to obtain
partial correction of the kyphosis is an important part of
the stabilization by posterior fusion. In patients with Larsen’s
syndrome, mild traction achieved intraoperatively via a halo
will usually produce some correction of the kyphosis, owing
to the inherent laxity of the neck (see Fig. 10-22B). In
diastrophic dysplasia, the deformity is usually more rigid,
and we have used gradual extension-distraction of the neck
postoperatively using threaded rods in the halo-vest appara-
tus (Fig. 10-24). With either method, a posterior arthrodesis
can be gradually corrected or fixed in situ without concern
about displacing an anterior strut graft. Finally, the only
instances of pseudarthrosis of posterior cervical fusion in
our experience occurred when the patient was not placed
in the rigid immobilization provided by the halo-vest appa-
ratus® or the patient was less than 1 year old. Autogenous
graft should always be used in posterior arthrodesis because
of the less favorable dysplastic conditions and incomplete
elements.'”

In patients with established neurologic deficit, either a
chronic myelopathy or an acute condition related to trauma
(Fig. 10-25), anterior decompression by vertebrectomy is
indicated and should be stabilized by some form of anterior
strut graft (usually rib or fibula). Posterior cervical fusion
should also be performed to prevent increasing deformity
from posterior element growth.

In older children there may not be enough growth re-
maining to expect correction of deformity by a fusion of
one column (e.g., posterior). We have no experience in
the use of, for example, posterior cervical fusion to correct
kyphosis in a child as old as 10 years. It is unlikely that the
remaining vertebral growth in a child of this age, especially
one with a diagnosis of a syndrome or skeletal dysplasia,
would be sufficient that tethering of the posterior column
of the spine would produce a reversal of deformity. However,

if reversal of a kyphosis has occurred by the age of 10,
a symptomatic hyperlordosis may then develop, requiring
posterior decompression and fusion mass resection.” Such a
situation, occurring 11 years postoperatively from posterior
cervical fusion, has been reported,” although anterior cervi-
cal fusion to prevent further lordosis from developing was
unnecessary (see Fig. 10-23).

ACQUIRED POSTLAMINECTOMY KYPHOSIS

Conditions that render the posterior cervical facets, ligamen-
tous structures, and bony elements (such as the spinous
processes) incompetent or that require their removal can
produce cervical kyphosis. The stability of the cervical spine
is produced by the combined action of the bony and liga-
mentous structures to resist tensile forces. The posterior
cervical musculature also actively resists kyphotic position-
ing of the cervical spine. Although localized kyphosis may
develop as a result of hypoplasia or destruction of the ante-
rior vertebral bodies (consequent on loss of resistance to
compressive forces), loss of functional posterior cervical
restraints renders the posterior column unstable, and a vi-
cious cycle of kyphosis ensues as the weightbearing line of
the skull translates more anteriorly (Fig. 10-26). The articu-
lar facets play an especially important role in preventing the
development of cervical kyphosis. Removing as little as 50
percent of the bony facet joint can produce significant insta-
bility in flexion and torsion.”>'"*!313% Finite element analysis
has shown that simple resection of one or more spinous
processes or posterior ligaments results in enough transfer
of tensile forces to the facets to produce eventual failure
and kyphosis." Thus it is not surprising that cervical lami-
nectomy performed for management of intraspinal neo-
plasms or other conditions is associated with an extremely
high rate of postlaminectomy kyphosis, especially in children
who have undergone cervical or cervicothoracic laminec-
tomy.”***%12 Efforts to avoid facet injury during laminectomy
for decompression of Chiari malformations have been
shown to reduce kyphosis significantly.”

Normally the weightbearing axis for the cranium lies
posterior to the vertebral bodies C2-7 (see Fig. 10-26). As
soon as bony or ligamentous instability allows the line of
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FIGURE 10-25 A, Nonunion following attempted posterior
fusion and anterior fusion in a 3-year-old child with Larsen’s
syndrome (same patient as was shown in Fig. 10-18). B, Decom-
pression and strut grafting were performed because of neuro-
logic deterioration. C, Radiographic appearance 1 year postoper-
atively. Full neurologic recovery ensued.

FIGURE10-26 A, Normal cervical alignment. B, After destabilization at C3—4 of the posterior column, the weightbear-
ing line shifts anteriorly. C, Progression of kyphosis due to continued anterior shift of the weightbearing axis.
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cranial weightbearing to move forward, the posterior cervical
musculature must act constantly to resist further forward
flexion. If the posterior musculature has been denervated
or fibrosed due to surgical exposure, the speed with which
muscle failure allows progression of the kyphosis may in-
crease. In children, any kyphosis associated with a cervical
laminectomy can be rapidly progressive, owing to the combi-
nation of muscle weakness and growth. Compression of the
spinal cord, due either to direct impingement over the apex
of the kyphosis or to ischemia from impairment of the
anterior spinal artery vasculature, can produce neurologic
deficit. Decompression, when indicated, must be performed
anteriorly to relieve these direct bony encroachments on
neural tissue.

Cervical kyphosis in children may best be prevented by
performing simultaneous posterior arthrodesis at the time
of laminectomy.*"® Osteoplastic laminectomy, either by a
trap-door technique or by en bloc removal of the required
laminae and their immediate replacement at the end of
the procedure, is an alternative to immediate arthrodesis.'”
Replacement of the lamina removed en bloc is undertaken
with the intention of producing immediate stability, al-
though long-term follow-up of this procedure is unavailable.
If immediate arthrodesis of the laminectomized levels is
performed, this can act as a posterior tether, and thus surveil-
lance for the development of hyperlordosis must be carried
out, depending on the age at which the laminectomy was
performed and the extent of removal of the posterior ele-
ments and fusion.

Treatment. Orthotic management of postlaminectomy ky-
phosis, just as in developmental kyphosis in the cervical
spine, is largely ineffective, primarily because the devices
used to prevent forward movement of the head require
extensive fixation to the thorax, mandible, and occiput and
thus are probably tolerated for short periods of time only.
Because the long-term management of cervical kyphosis
by orthotic means is therefore neither feasible nor proved,
the mainstay of treatment of cervical kyphosis is opera-
tive.

The first issue in operative stabilization is whether or not
neural compression is already present, and if so, whether
the compression must be relieved by anterior decompression
or whether it is possible to decompress the spinal cord
by simple realignment of the cervical spine (orthopaedic
decompression). If the deformity is flexible, it may be possi-
ble to relieve spinal cord impingement by reducing the defor-
mity. Thus, neurologic assessment of the patient is critical,
and any progression of the neurologic deficit must be as-
sessed. In the younger patient with a neurologic deficit due
to the underlying intraspinal neoplasm or to some other
mass lesion (abscess, cyst), it may be difficult to assess recov-
ery by treatment of the primary condition or to document
new neurologic deficits related to the kyphosis. Imaging of
the cervical spinal cord in positions of flexion and extension
(if possible) may show that orthopaedic decompression by
realignment is possible.

If there is no clinical or radiographic evidence of spinal
cord compression and if the kyphotic deformity has some
flexibility, posterior cervical fusion is probably the standard
operative procedure. Autograft is superior to allograft for
posterior cervical fusion and is recommended whenever pos-
sible." Use of a halo-vest device to align the cervical spine
is most efficacious in children, and because of the frequent

need for continued MRI surveillance of the cervical cord
(owing to the original underlying cause), the use of internal
fixation, especially stainless steel implants, is probably con-
traindicated (Fig. 10-27). Wiring techniques using titanium
wire may make further MRI possible and can be used to
secure onlay grafts or to perform facet wiring.”'* In adoles-
cents in whom bone stock is considered adequate for internal
fixation, plate fixation using titanium implants with lateral
mass screws provides excellent stabilization, often obviating
an extension of the fusion to an uninvolved normal level
(as is required with onlay bone grafting) and the need for
external immobilization postoperatively.'™ Titanium screw-
plate implants appear to allow continued MRI with mini-
mum artifact.'”

If the kyphosis is relatively fixed, without spinal cord
compression, anterior cervical release and fusion will be
required to provide realignment possibility. This may re-
quire simple diskectomy or corpectomy if the bone defor-
mity is extremely rigid, followed by reconstruction of the
anterior column with interbody fusion or a strut graft. Either
the release or the corpectomy must allow correction into
lordosis with traction and/or disk space distraction at the
time of surgery. Again, iliac crest autogenous bone graft is
recommended to achieve the highest possible rate of union,
and halo-vest immobilization is mandatory in smaller chil-
dren and in adolescents (unless posterior internal fixation
is utilized and thought to provide adequate internal fixa-
tion).

In the presence of spinal cord compression and neuro-
logic deficit, anterior decompression is required. Typically, a
corpectomy may be necessary to achieve full decompression,
and, as in the case of kyphosis secondary to syndrome or
dysplasia, this must be accompanied by structural realign-
ment of the spine with a strut graft (see Fig. 10-25). In
young children, because of the tethering effect of the anterior
fusion, posterior fusion should also be performed, in most
cases posterior fusion will already have been performed or
will be performed during the same operation because of
the postlaminectomy deformity. Posterior stabilization and
fusion is also indicated in cases of postlaminectomy kypho-
sis, because of the high rate of pseudarthrosis associated
with anterior fusion alone in adults."™" Thus, in postlami-
nectomy kyphosis with cord compression, the typical sce-
nario would involve anterior cervical decompression by cor-
pectomy, anterior column reconstruction by strut grafting,
posterior cervical fusion by onlay or cancellous bone graft-
ing, and maintenance of position by halo-vest external im-
mobilization, or, in the case of adolescents, by posterior
cervical instrumentation for internal fixation.

Cervical Instability

Children without obvious deformity can develop symptoms
and signs of instability requiring the same evaluations as the
syndromes and deformities already discussed. The instability
may be inherent to the underlying condition, as with Down
syndrome or Klippel-Feil syndrome, or it may be present
de novo in an otherwise healthy, unaffected child, as in
os odontoideum. Neck pain may be the only symptom of
instability. Alternatively, transient or gradually progressive
myelopathy, syncope, or radiculopathy may be the neuro-
logic signs provoking an evaluation. As in a workup for
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FIGURE 10-27 A, Small lesion found at the base of the neck in a 13-year-old girl who presented for scoliosis
evaluation. MRI demonstrated a tether extending into the cervical cord. B, After C4—5 laminectomy and intradural
resection of the fibrous band, she underwent scoliosis correction uneventfully. About 2 years later neck pain and
radicular pain developed. C and D, Radiographic appearance following posterior instrumentation and fusion. Because
of the stiffness of the hook-rod implant, no external immobilization was necessary. The girl’s symptoms resolved, but
the implant was later removed because of local discomfort. Although no further cord imaging was contemplated, MRI
would have been technically unsatisfactory with these implants present.
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deformity, plain radiography, including a flexion-extension
series, is crucial to determine pathologic instability. In the
upper cervical spine, excessive translation at the occiput-
C1-C2 complex, as measured by the ADI, SAC, and occiput-
Cl translation (see previous section on Klippel-Feil syn-
drome) must be ruled out, while in the subaxial spine,
instability can be noted from anterior translation of vertebral
bodies or from disruption of the posterior cervical line'”'*
associated with excessive interspinous motion if spinous
processes are present (Fig. 10-28). However, awareness of
pseudosubluxation at C2-3 and C3-4'""" must be main-
tained to avoid treating normal physiologic motion at these
levels in children 7 years or younger. Once pathologic insta-
bility has been identified on plain radiographs, additional
imaging, particularly flexion-extension MRI studies," is in-
dicated to identify exact points of compression and to se-
lect treatment.

OS ODONTOIDEUM

This anomaly, in which the upper portion of the odontoid
is separated from the base by a gap resembling an un-united
fracture, probably represents just that—an unrecognized
fracture occurring at a young age that fails to heal because
of lack of immobilization or interruption of blood supply
to the upper segment.**'* It is often diagnosed following an
episode of neck pain or, more rarely, an episode of paresis.
It should always be considered in the differential diagnosis
of cerebral palsy when a significant birth history is lacking
(Fig. 10-29).

Radiographically the os resembles an ossicle with a
smooth sclerotic border located at the normal position for
the tip of the odontoid, with a gap wide enough to indicate
an established nonunion. The possibility of a congenital
anomaly cannot be ruled out, as there is rarely a reliable

Spinolaminar line

Spinolaminar line

history of trauma, for example, to establish an etiology. CT
or plain tomography may help delineate the lesion.

Neurologic symptoms, if any, result from cord impinge-
ment by posterior translation of the os in extension or
anterior odontoid impingement in flexion. Thus, instability
due to loss of integrity of the entire dens is required.

The natural history of os odontoideum is unknown. Usu-
ally, transient symptoms or neurologic signs resolve with
cervical immobilization and avoidance of provocative activ-
ity. However, permanent nonstrenuous activity limitation
in children usually is unacceptable and unenforceable, and
the risk of catastrophic injury from either a seemingly trivial
bump on the head or from whiplash in an automobile
accident cannot realistically be determined. Thus, the long-
term safety of such a patient may indicate a C1-C2
arthrodesis. Certainly an ADI of 10 mm or an SAC of 13
mm,"' even in an asymptomatic patient, would be an indica-
tion for fusion, in addition to persistent symptoms or pro-
gressive neurologic signs.

Traditionally a Gallie-type posterior C1-C2 fusion has
been recommended, with extra care to avoid total excessive
C1 posterior translation during wire tightening (see Fig.
10-29). In small children, suture may be used. Halo immo-
bilization for 6 to 12 weeks will increase the likelihood of
successful fusion in otherwise uncooperative patients.

OCCIPITAL-ATLANTAL ANOMALIES

Patients with typical Klippel-Feil syndrome are easily recog-
nized by the characteristic short, broad neck, low hairline,
and restricted cervical motion. In a separate group are pa-
tients who lack the physical signs of Klippel-Feil syndrome
but who have similar occipitocervical malformations, esti-
mated to occur in as many as 25 percent of children (see
Fig. 10-11).* A common pattern—assimilation of C1 into

FIGURE 10-28 Pseudosubluxation of C2—3 (most common). Possible subluxation is eliminated because of the intact

spinolaminar line at C2-3.
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EXTENSION

FIGURE 10-29 Os odontoideum. A, Radiographic appearance
in a child age 4 years 8 months who presented for an AFO
prescription for hemiparesis. She had no significant birth history
and had walked at a normal age. Neck stiffness and pain were
present. B, Tomograph demonstrating os odontoideum. C, Insta-
bility on flexion. D, MR image demonstrating lack of cord im-
pingement in extension. E, Gallie fusion in extension was per-
formed. There was no immediate change in the hemiparesis.
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FIGURE 10-30 | A and B, Radiographs of a 10-year-old girl with right shoulder pain and weakness. Expansile lesions
of the spinous and transverse processes of T1 and T2 are present. C and D, CT-myelographs demonstrating expansile,
lytic lesions of the T1 and T2 posterior elements on the right, encroaching on the canal. E and F, Aneurysmal bone
cyst was diagnosed by biopsy. Decompression and excision of the right posterior elements (including pedicles) was
performed, with simultaneous instrumentation and fusion. All symptoms resolved.



the occiput combined with a C2-3 synostosis—puts the
patient at risk for C1-2 instability, as this joint may suffer
gradual increased laxity due to lack of mobility of the seg-
ments immediately adjacent.”!®

Treatment for occipitocervical malformations depends
on the amount of C1-C2 instability and the presence of
neurologic signs. Excessive mobility without neurologic
signs can be managed by education, decreased activity, and
careful observation. Progression of instability or a decreasing
SAC should probably be treated similar to os odontoideum,
with fusion in extension, thus completing the patient’s syn-
ostosis from the occiput to C3. If the ring of C1 is incom-
pletely assimilated, formal fusion to the occiput by separate
grafting should be included.

If neurologic deficit exists, decompression with stabiliza-
tion is indicated. As in Klippel-Feil patients, decompression
must address the site of cord impingement—anterior odon-
toid excision or posterior C1 laminectomy, as necessary.

ODONTOID ANOMALIES /LIGAMENTOUS
INSTABILITY

Aplasia and hypoplasia of the odontoid occur routinely in
a variety of skeletal dysplasias, most notably in the spondy-
loepiphyseal dysplasia group. Mucopolysaccharidosis stor-
age diseases, such as Hunter’s, Hurler’s, Morquio’s, or Maro-
teau-Lamy syndromes, have a similar degree of odontoid
involvement. Every patient with one of these diagnoses
should be evaluated every 1 to 2 years with plain radiography
for C1-2 instability. As with all upper cervical instabilities,
fusion prior to the development of neurologic signs must
be considered, to avoid possible catastrophic injury. Decom-
pression and fusion once myelopathy is present may stabilize
but not reverse the neurologic deficit.

Ligamentous laxity associated with connective tissue dis-
orders and Down syndrome is also well known to lead
to upper cervical instability. In the latter condition, both
occiput-C1 as well as C1-2 are known to be at risk. Specific
management of upper cervical instability in Down syndrome
is discussed in Chapter 30, Orthopaedic-Related Syndromes.

Instability may also accompany deformity in dysplastic
bone conditions (osteogenesis imperfecta, neurofibroma-
tosis). Such instability is investigated by flexion-extension
radiographs, just as in any other condition.

NONTRAUMATIC OCCIPITAL-ATLANTAL
INSTABILITY

Five cases of idiopathic occipital-C1 instability associated
with a variety of neurologic signs and symptoms (vertigo,
syncope, projectile vomiting) have been reported.” The
symptoms were presumably due to vertebral artery insuffi-
ciency related to the occipital-C1 mobility. The instability
was documented with cineradiography. Symptoms resolved
with successful posterior occipital-atlantal fusion.

SUBAXIAL INSTABILITY

Probably the most common reason for instability in the
lower cervical spine is a previous laminectomy. As was dis-
cussed for acquired kyphosis, the stability of the cervical
spine can be significantly compromised by the simple resec-
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tion of one or more spinous processes'* and further destabi-
lized by any facetectomy.”!%!5%155 Cervical laminectomy for
any reason can produce deformity in children.”*"** Be-
cause instability precedes the development of deformity, the
patient may present with symptoms (pain, radiculopathy,
apprehension) before actual deformity occurs. The diagnosis
is confirmed by flexion-extension radiographs.

Trauma is another cause of instability. In the subaxial
spine, the typical presentation is an older child or adolescent
with a history of a fall, a blow to the head, or other injury
where symptoms resolved shortly after injury but then re-
curred. This scenario is covered in Chapter 40, Spinal In-
juries,

Any treatment of tumors and tumor-like conditions in
which bone must be resected or ligamentous stability re-
moved during exposure is also likely to produce instability.

Aneurysmal bone cyst, osteoblastoma, or osteochon-
droma involving posterior elements are the tumors most
likely to be encountered in the first and second decades of
life, and surgical treatment because of pain or encroachment
on the canal would then require stabilization. In general,
the posterior structures of the spine can be considered as
four separate functioning units—midline structures (spi-
nous processes, laminae, interspinous ligaments), the left
and right facet joints, and the posterior vertebral body wall
and/or disk (the “middle” column).* Compromise of any
two of these four structured units is an indication for stabili-
zation by internal or external fixation, or both, as well as
for performing fusion (Fig. 10-30).
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