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INTRODUCTION

Congenital anomalies of the cervical spine abound. They vary in severity

from gross failure of development incompatible with life, to anomalies that

are discovered by chance radiography and are of no practical significance.

They can occur singly, may be multiple within the cervical spine or may

be but one feature of multiple anomalies affecting other systems.

IMPORTANCE

Knowledge of these deformities is important for they have a great

potential for producing neurological sequelae, even death, from spinal cord

compression, due to abnormal atlanto-axial shift. Although there are several

recognised variations, clinically they share the same signs and symptoms.

Treatment is identical depending upon the presence of instability and cord

compression.

INCIDENCE

The frequency of cranio-vertebral anomalies is unknown. They are

probably more common than appreciated. The majority are discovered following

trauma to the neck or due to the spontaneous onset of symptoms requiring

radiological investigations. Rarely the lesion is noted as an incidental finding.

With increased awareness, and sophisticated investigational facilities, however,

these lesions are being recognised more commonly than the past literature

might indicate. In conditions such as Down's Syndrome, Klippel Feil Syndrome

and Morquio's disease, cranio-vertebral anomalies are more common.

TERMINOLOGY

In recent years, the terminology for this group of anomalies, which

is gradually gaining acceptance, is "Cranio-cervical dysplasias". However,

in the following discussion, the well accepted terminology of "cranio-vertebral

anomalies" will be used.



CLINICAL ANATOMY

THE ATLAS

The atlas is ring-shaped with its transverse diameter greater than its

antero-posterior diameter. It has 2 .lateral masses, oval in shape, which bear

the biconcave superior articular surfaces facing superiorly and medially designed

to receive the occipital condyles. They also have inferior articular surfaces

facing inferiorly and medially articulating with the superior facets of the

axis. Its anterior arch has on its posterior aspect a small cartilagenous oval

shaped articular facet for the odontoid process of the axis. The posterior

arch has the posterior tubercle on the midline. The transverse processes

have a foramen for the vertebral artery which deeply indents the bone posterior

to the lateral mass.

ft
THE AXIS

The superior surface of the body of the axis carries centrally the odontoid

process and laterally two articular facets. The posterior arch has two narrow,

laminae. The spinous process has two tubercles. The cartilage lined inferior

articular processes are attached below the pedicle and face inferioriy and

anteriorly. The transverse processes have a vertebral foramen for the vertebral

artery. (Fig. 1)

THE ATLANTO-OCCIPITAL JOINT

This is a synovial joint between the convex occipital condyles and the

concave facet on the lateral mass of the atlas. Both surfaces are covered

with hyaline cartilage. The synovial cavity of the joint is contained by a

lax but strong capsule. The anterior and posterior atlanto-occipital membranes

are attached to the upper borders of the respective arches of the atlas and
r

to the outer margins of the foramen magnum.

THE ATLANTO-AXIAL JOINTS

These are synovial joints which form a mechanical link. They are the



central atianto-odontoid joint and two lateral atlanto-axial joints.

The dens is held in position by the transverse limb of the cruciform

ligament. Accessory ligaments of these joints are the membrana tectoria,

the cruciform ligament and the apical and alar ligaments.

The membrana tectoria is a fan shaped continuation of the posterior

longitudinal ligament. It is attached to the back of the body of the axis

and diverges upwards to become attached to the margin of the anterior half

of the foramen magnum. The cruciate ligament lies anterior to the membrana

tectoria. It consists of the transverse ligament of the atlas passing between

the lateral masses of the atlas and the longitudinal ligament passing from

the body of the axis to the anterior margin of the foramen magnum. The

apical ligament lies anterior to the cruciate ligament. It ascends from the

apex of the dens to the anterior margin of the foramen magnum. The alar

ligaments lie obliquely on either side of the apical ligament. They are attached

to the sloping upper margin of the dens to the margin of the foramen magnum.

(Fig. 2)

MOVEMENTS

At the atlanto-occipital joints nodding occurs. The corresponding curved

articular surfaces allow a limited range of flexion and extension. The long

axes of the joints are set slightly obliquely; both joints act as one and no

movement around a vertical axis can occur. Slight curvature in the coronal

plane allows a small degree of lateral tilt. Atlanto-occipital flexion is powered

by the rectus capitis anterior muscle, supplemented by the longus capitis.

Extension is produced by the rectus capitis posterior major and minor. Lateral

flexion by the rectus capitis lateralis. The semispinalis and splenius capitis,

the trapezius and the sternomastoids assist. The atlas and the occiput rotate

as one around the odontoid. All three atlanto-axial joints take part in the

movement. The odontoid is f irmly united to the occiput by the alar ligaments



which with the joint capsules of atlanto-axial joints limit rotation to 45 degrees.

The muscles producing this rotation are the obliques capitis posterior major,

assisted by the spenius capitis of the same side and the sternomastoid of

the opposite side.

* * * * * * * * *
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DEVELOPMENTAL ANATOMY

At about the twelfth day of embryological development, a segmental

cranio-caudal condensation of mesodermal tissue develops lateral to the

developing neural tube and notochord. These block-like segments are

paired bilaterally and are termed somites. By the twenty-second day

of embryological life, 42 to 44 somites have formed. Internal specialisation

begins with the older cranial somites and proceeds to the remainder of

the more caudal segments. This involves differentiation of the dorsolateral

portion of the somite into the myotome and the ventromedial somite

into the sclerotome. The cells within each sclerotome are not homogeneous;

the cranial portion of each sclerotome consists of loosely packed cells,

whereas the caudal portion contains a more dense cellular architecture.

The sclerotomes begin to migrate medially to surround the notochord;

as growth continues, the cranial portion of one sclerotome unites with

the caudal portion to the adjacent sclerotome to form a vertebra. One

portion of the combined sclerotomal segment migrates ventrally to form

the centrum; a second migrates dorsally in close approximation to the

neural tube to form the vertebral arch, and a third portion migrates ventro

laterally to establish costal centres. The notochord, where surrounded

by sclerotomal cells, undergoes degeneration. However, between vertebral

bodies the notochord is the precursor of the nucleus pulposus.

In the atlanto-axial region the development is somewhat more complex.

The occipital bone develops from the fusion of three somites. The cranial

portion of the first sclerotome is the precursor of the apical portion of

the odontoid process. In lower vertebrates like reptiles, this segment

remains as a separate bone between the occiput and C, and is called pro-

atlas. However, in man it fuses to the more caudal segment of the dens.

The caudal segment of the dens is embryologically formed by the fusion



of the caudal C, and cranial C- scierotomes. Thus, the odontoid process

in toto is formed from the cranial segment of the C. s c l e r o t o m e , the

caudal portion to the C. sclerotome, and the cranial portion of the C- sclerotome.

The lateral masses of the atlas, as well as the anterior and posterior

arches, are derived from the combination of caudal C. and cranial C? sclerotome

segments. The body, posterior arch, and transverse processes of the axis

are derived from a combination of the caudal C- and cranial C- sclerotomal

segments.

After the odontoid process has chondrified, ossification of its apical
•

and central portions proceeds separately. At about the f i f th month of

embryological life, two ossification centers appear, one for each side

of the odontoid base; shortly before birth these two centres fuse across

the midline.

At birth, the odontoid is separated from the body of the axis by a

wide cartilaginous band that represents the epiphyseal growth plate.

This epiphyseai plate is not at the anatomical base of the dens at the

level of the superior articular facets of the axis, but lies well below this

level within the body of the axis (neurocentral synchondrosis). Therefore,

the embryological base of the odontoid is below the articular facets and

contributes a substantial portion of the body of the axis. This epiphyseal

line is present in nearly all children at age three; it is absent in most

by age six. It rarely persists into adolescence or adult life.

The apex or tip of the odontoid process is derived from the mesenchyme

of the most caudal occipital sclerotome or pro-atlas. At birth the tip

of the odontoid is not ossified and roentgenographically appears as a V-shaped

depression known as the dens bicornis. A separate ossification centre

or ossiculum terminale usually appears at the age of three and fuses with

the body of the dens by the age of twelve. (Fig. 3).

*********



BLOOD SUPPLY

A segmental artery or its regional equivalent provides each vertebra

with several sets of nutritional branches. These are composed of anterior

and posterior central branches to the central ossification centre that

will become the major component of the vertebral body and the prelaminar

and postlaminar branches that supply the elements of the neural arch.

The anterior central and postlaminar arteries branch from segmental

vessels external to the vertebral column, whereas the posterior central

and prelaminar arteries are derived from segmental branches that enter

the intervertebral foramen and accompany or give rise to neural and meningeal

branches as well. Both the anterior and the posterior central arteries

provide spinal plexuses formed by longitudinal and medially directed branches.

The former ascend and descend to anastomose with corresponding vessels

to the adjacent segments whereas the latter, in the cervical region, form

median anastomoses with their opposite counterparts.

The general pattern of these vessels with respect to the typical cervical

vertebrae is schematized. (Fig. 4). Here it is noted that the vertebral

arteries represent a lateral longitudinal fusion of the original segmental

vessels and provide a ventrally coursing anterior central artery and a

medially directed posterior central artery to each subaxial vertebral element.

The anterior spinal plexus is mostly developed in the cervical region where

it exhibits a rectangular mesh of vessels in which the transverse members

run along the upper ventral edges of their respective intervertebral discs.

ARTERIAL SUPPLY OF ODONTOID PROCESS

Schiff and Parke (1973) made original studies on the blood supply

of odontoid process by injecting suitable media into the cervical spine

of human and non human cadavers. They observed that the arterial supply



to the odontoid process forms a constant pattern of 3 groups of vessels
•*

from 2 sources, the anterior and posterior vessels from the vertebral

artery and the cleft perforating vessels from the carotid artery. (Fig.5)

.ANTERIOR ASCENDING ARTERY '

The paired anterior ascending arteries originate from the respective

vertebral arteries. Both emerge from the foramen between the second

and third cervical vertebrae and follow a medial and rostral course deep

in the substance of the longus colli muscle. At the mid point of the axis

centrum, they anastomose arross the midline and send perforators to the

anterior surface of the axis. At the level of the facets of the axis, branches

perforate the subchondral bone and supply the anteromedial synovium

and joint capsule. Continuing rostrally to a point where it abruptly courses

under and then posterior to the anterior arch of the atlas, each anterior

ascending artery provides fine vessels which penetrate the antero-lateral

base of the odontoid process. In its rostral course, it winds around the

side of the odontoid process and sends branches into a group of foramina

which lie on the lateral side of the base of the odontoid process. At

this level, joined by a contribution from the carotid system, the cleft

perforating artery, the anterior ascending artery continues rostrally and

posteriorly on the lateral side of the odontoid process. At the level of

the alar ligament, a branch is given off to the postero-inferior surface

of this structure. This vessel supplies perforators to the ligament, subchondral

bone and joint capsule. The anterior ascending artery applied to the anterior

surface of the alar ligament continues rostrally, loops over this structure

and joins the most rostral part of the posterior ascending artery of the

axis.

POSTERIOR ASCENDING ARTERY

These two vessels which are of larger calibre arise from their respective

vertebral arteries. Each artery then courses within the gutter formed
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* by the junction of the pedicle and the body of the axis, supplies perforators

to the bone anteriorly and branches medially to the posterior longitudinal
0

ligament (tectorial membrane). In its ascending course the posterior

ascending artery crosses the posterior surface of the transverse ligament

of the atlas at a point two millimeters from the lateral margin of the

odontoid process. At this point it curves medially, crossing the posterior

surface of its respective alar ligament. At the rostral edge of the alar

ligament, a long branch proceeds anteriorly and then caudally to become

applied to the lateral margin of the odontoid process. Both right and

left posterior ascending arteries continue their medially directed course

to meet each other in the midline, forming the apical arcade which runs

? from alar ligament to the apex of the odontoid process. Here vessels

supply the apex of the odontoid process, apical ligament, alar ligament

and periarticular soft tissues.

CLEFT PERFORATORS (ANT. HORIZONTAL ARTERIES)

These are numerous small vessels which arise from the most rostral

extracranial portion of the internal carotid artery. They are distributed

to both sides of the retropharyngeal cleft. At a level opposite the middle

of the axis, there are anastomoses with the anterior ascending artery.

Further rostrally, a large branch joins the anterior ascending artery prior

to its sending an artery into the foramina located on the lateral side

of the odontoid process.

ADDITIONAL BLOOD SUPPLY.—.

Althoff and Goldie (1977) in their experimental work on the blood

* supply of the odontoid process, confirm that it is supplied from the vertebral

arteries via the paired anterior and posterior ascending arteries and from

the internal carotid arteries via the anterior horizontal arteries
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otherwise called the cleft perforators. They also describe anterior horizontal

arteries higher up (superior) forming anastomoses with the apical arcade.

These arise from the internal carotid arteries. A few posterior horizontal

arteries which arose from the ascending pharyngeal arteries were also found

to anastomose with the apical arcade.

* * * * * * * * *
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REVIEW OF LITERATURE
? "

The upper cervical spine has been an area of interest from time immemorial.

The first available reference to atlanto-axial disiocations was made by
ft

the author of the EDWIN SMITH PAPYRUS (2500-900 B.C.) when he

wrote his "Instructions concerning the displacement of a vertebra in the

neck". SIR CHARLES BELL (1830) described the first case of atlanto-axial

dislocation in his monograph "The Nervous System of the Human Body".

His patient had a syphilitic ulcer at the back of his throat which lead

on to atlanto-axial dislocation and death. The specimen is at present

in the Museum of the Royal College of Surgeons, Edinburgh.

GIACOMINI (1886) was the first to describe os odontoideum as a cause

of atlanto-axial instability. The abnormality was discovered at post-mortem
.

in a female patient afflicted with cretinism. The odontoid process was

detached from the body of the axis and between it and the latter there
*

was a joint. Giacomini concluded that this finding supported the theory

that the odontoid process is the body of the first cervical vertebra and

that in his patient it was separate as it is in many inferior vertebrate

animals such as the crocodile.

SCANNELL (1945) reported a case of congenital absence of the odontoid

process. '

EINHORN et al (1946) reported high cervical cord compression in

Morquio's disease with autopsy confirmation and attributed the accompanying

neuropathological changes to platybasia.

HADLEY (1948) coined the term "Ossiculum terminale" where there
o

is a failure of fusion of the apical segment of the dens to its base which

» is normally fused with the body of ^2* The shape of the base may vary

from normal to a round shouldered appearance arising above the level

of the superior articular facets.
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GREENFIELD (1953) reported 2 cases in which the odontoid was separate
•

from the body of the axis. Both patients were rendered quadriplegic

by relatively simple manoeuvres of the head and one died. At post mortem

the lower aspect of the odontoid was found separate from the body of

the axis and covered with cartilage showing that there had never been

bony fusion.

McRAE (1953) reported examples of the lesion naming it "separate

odontoid process of axis". Of his first eleven patients, eight had neurological

signs. He opined that one could not differentiate old ununited fracture

of the odontoid process from a congenital anomaly. In the majority of

his cases, there was no history of trauma. In his second communication
'

(1960) the number of reported cases had increased to seventeen; in half

- of these there were symptoms and signs related to the cranio-vertebral

junction.
*

GILLMAN (1959) reported a case of congenital absence of the odontoid

process of the axis.

BRANNON (1960) reported a case of atlanto-axial dislocation due

to a hypoplastic odontoid treated by fusion between the occiput and upper

cervical spine.

BALASUBRAMANIAM AND RAMAMURTHY (1960) discussed 3 cases

of cranio-vertebral anomalies with neurological symptoms. Two cases

were basilar impression with occipitalisation of atlas. The third case

which had platybasia with basilar impression died when decompression

was performed. Post mortem revealed internal hydrocephalus with herniation
s

of the uncus and tonsills and also blockage of the foramen of Magendi.

* MASALAWALA (1961) reviewed 8 cases of atlanto-axial instability

treated operatively. Of these only two were of congenital origin. He

opined that decompression followed by occipito-cervical fusion gives better

results than decompression alone or fusion alone.



13

WOLLIN (1963) reported his series of 9 patients with os odontoideum.
~

He presented a detailed account of the development of the odontoid process.

In his series, five cases had a history of injury. Only two cases had a

neurological deficit. Seven cases underwent fusion of C. and C~ and all improved
.

symptomaticaliy and objectively.

RUBIN (1964) pointed out that the odontoid was hypoplastic in Morquio's

disease and that an abnormal relationship existed between the first cervical

segment and the base of the skull. He also stated that this abnormality

could cause pressure on the brain stem accounting for the muscular flaccidity

seen in these patients.

BHARUCHA AND DASTUR (1964) report their series of 40 cases

of cranio-vertebral anomalies. Of these 23 had occipitalisation of atlas,
ft

4 had os odontoideum, 6 had atlanto-axial dislocation, 6 had basilar invagination

* and one had rudimentary atlas. Twenty cases were treated conservatively

using collar and twenty were treated surgically by decompression and

fusion. There were 4 deaths in their operated series.

DASTUR, WADIA et al (1965) reported 6 cases of medullospinal compression

due to atlanto-axial dislocation. There was a terminal operative hematomyelia

in 5 of them and this is presented with clinical and pathological details.

The myelopathy presented with pyramidal and posterior column changes

clinically and histologically. They opined that the operative catastrophe

during decompression was due to paracentral bilateral hemorrhages at

and above the site of compression with oedematous degeneration.

* MARTEL AND TISHLER (1966) studed 70 mongoloid children and

found 14 had asymptomatic dislocation of the atlas on the axis. The
y

incidence of associated spinal cord compression has been reported infrequently.

Curtis and associates (1968) report on two patients who required surgical

correction.



GREENBERG (1968) presented an excellent review on atlanto-axial dislocations

with a detailed analysis of the developmental anatomy. The past literature

on the subject was reviewed. He proposed an excellent classification of

odontoid anomalies and discussed the radiological features. He has also

presented the advantages and disadvantages of the various forms of surgical

approaches.

McKEEVER (1968) described 14 cases of atlanto-axial instability. Of

these 6 were due to absent odontoid and 2 due to os odontoideum. One

case of absent odontoid followed otitis media and was probably post infective.

Three cases underwent fascial sling or wire loop fusion of C, to C-. He suggested

that surgical correction is indicated if there is any evidence of central nervous

system involvement. If reduction of C, - C- dislocation is possible then fusion

of C, to C- will suffice. If there is an irreducible dislocation then laminectomy

of C, and occipito-cervical fusion is necessary.

MINDERHOUD, BRAAKMAN (1969) described the clinical, radiological

and therapeutic aspects of os odontoideum. They had 13 patients of whom

11 were males and 2 were females. There was a history of injury in 6 patients.

The mean age of patients at commencement of treatment was 39 years.

Four patients were treated conservatively. One patient had laminectomy

and occipito-cervical fusion. In the others a wiring and fusion had been

carried out. They described a phenomenon wherein there was narrowing

of the ring of the atlas which contributed to potential compression of the

spinal cord at this level.

BLAW AND LANGER (1969) reported on eight patients with Morquio's

disease who had odontoid dysplasia. Three of them had cord compression.

KOPITS et al (1972) studied congenital atlanto-axial dislocations in various

forms of dwarfism. They reported on 29 dwarfed patients with congenital

dysplasia of the odontoid process. The series consisted of 10 Morquio's syndrome,

3 non Kerato sulphate excreting Morquio's syndrome, 4 pseudoachondroplasia,
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3 Scotts' syndrome, 4 spondylometaphyseal dysplasia, 2 spondyloepiphyseal

dysplasia, 3 cartilage hair hypoplasia and 3 unclassified. Of these 19 had

odontoid apiasia, 3 hypoplasia and 7 os odontoideum. Atlanto-axial dislocation

was observed in 23 and clinically manifest compression myelopathy was

present in 15. Six patients were treated by atlanto-axial fusion after reduction.

BAILEY (1973) while writing on the cranio-vertebral problems in short

statured individuals considered that the degree of odontoid dysgenesis and

ligamentous laxity varies considerably from syndrome to syndrome, from

individual to individual within a given syndrome and at different stages of

one individual's life span. He proposed eight types of combinations of odontoid

anomalies and ligamentous laxity. Any dwarf of the osteochondrodystrophy

group, disproportionate short trunk, with vertebral body involvement on x-ray,

with stippled epiphysis or with decreasing physical endurance should have

their atlanto-axial joint evaluated.

FIELDING (1974) proposed that os odontoideum is an acquired lesion.

He opined that the separate odontoid may be due to unrecognised fracture

through the base in early infancy, followed by non-union which compromised

the blood supply to the proximal segment and resulted in partial or complete

failure of development of this segment. The younger the child at the time

of fracture, the smaller would be the apical fragment at maturity.

HENSINGER (1974) while analysing associated anomalies in 50 cases

of Klippel Feil syndrome describes fusion of cervical vertebrae either as

a simply synostosis of 2 bodies, congenital block vertebrae or massive fusion

of several vertebrae. More than half had scoliosis and a third had renal

anomalies. Impairment of hearing, synkinesia and congenital heart disease

were also noted.

FINERMAN et al (1976) described atlanto-axial dislocation with spinal

cord compression in a mongoloid child. The anomaly was ossiculum terminale.

The dislocation was irreducible and treated with decompression and occipito-
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cervical fusion with full recovery.

LIPSON (1977) reviewed 11 patients with Morquio's syndrome who had

dysplasia of the odontoid process and atlanto-axial instability. They were

found to be at risk of acute traumatic quadriparesis, chronic myelopathy

of a variable rate of progression and sudden death by respiratory arrest.

He opined that early prophylactic posterior cervical fusion is indicated and

once quadriparesis is established, recovery of function is limited.

SEMINE et al (1978) evaluated 85 children with Down's syndrome for

atlanto-axial instability. Ten patients exhibited abnormal intervals (4.5 mm

or more) during flexion or extension. Configuration of odontoid was normal

in eighty patients and abnormal in five. Of the ten patients with increased

atlanto-odontoid interval, neurological deficit developed in only one after

one year.

DAWSON AND SMITH (1979) have discussed 10 cases of cranio-vertebral

anomalies with atlanto-axial instability. The unusual neural presentation

caused delay in diagnosis. Six cases were ossiculum terminale, two were

agenesis of base of dens and two were agenesis of odontoid. Nine underwent

surgical stabilisation of which only two had laminectomy of the posterior

arch of atlas.

FIELDING, HENSINGER AND HAWKINS (1980) reviewed 35 patients

with os odontoideum. This is the largest series reported and they support

the concept of traumatic aetiology. Most patients had roentgenographic

instability of the affected spinal segment and were treated by spinal fusion.

Twenty two had anterior instability (average 1.03 cm). Five had posterior

instability (average O.84 cm) and eight had combined instability (average

1.37 cm). Five patients were asymptomatic and did not have fusion. Twenty

six patients had Gallie type C. C~ fusion. Average follow up was 3.4 years. All

26 patients had solid arthrodesis post-operatively.
BETHEM, WINTER, MOE et al (1981) presented an excellent review on spinal
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disorders of dwarfism. In their retrospective review of eighty patients,

they found that all dwarfs had some manifestation of a spinal disorder in

addition to limb deformities. The most common abnormality was a thoraco-

lumbar or cervical kyphosis in f i f ty seven patients (71 percent). A scoliosis

more than 30 degrees was present in twenty one patients (26 percent).

Atlanto-axial instability was documented in ten patients (13 percent) and

absent odontoid process in five patients (6 percent). Cranio-vertebral dysplasias

were found in patients with spondyloepiphyseal dysplasis, mucopolysaccharidoses,

metaphyseal dysostosis, metatrophic dwarfism, diastrophic dwarfism and

Kniest syndrome. There was no direct correlation between the type of spinal

disorder and the type of dwarfism. Each of the spinal disorder required

individualised evaluation and appropriate management.

SPIERINGS AND BRAAKMAN (1982) have presented the management

of os odontoideum. They analysed 37 patients. In twenty patients the treatment

has been conservative. Seventeen had occipito-cervical or atlanto-axial

fusion. Two patients died post operatively. Thirty four patients were followed

up for eight years. Nineteen improved, fourteen were unchanged and one

deteriorated. According to them, patients with local symptoms should not

undergo surgical stabilisation unless the SAC is less than 13 mm, as then

they are at significant risk of developing permanent or progressive cord

signs. Patients with progressive signs or myelopathy should be treated surgically.

SINH (1983) presented the largest personal series of 105 cases of congenital

atlanto-axial dislocations. He stated that this condition was common in

India. He classified his cases into three groups. Group I with occipitalization

of atlas, Group II with odontoid anomalies and Group III with normal atlas

and axis. Since the prognosis depended on the extent of cord damage before

treatment, he advocated surgery in all cases of congenital atlanto-axial

dislocation. The surgical procedures which have been done are posterior
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fusion without laminectomy, anterior fusion, antero-lateral fusion, staged

antero-lateral fusion and posterior decompression.

Sinh 's series consisted of 77 male and 28 female patients. Seventeen

were children under the age of twelve and eighty eight were adults. The

neurological signs in the majority of patients were transient attacks of

cervical cord compression with progressive motor and posterior column

defect. The associated anomalies were short neck, dysplastic face, kyphoscoliosis

webbed neck and torticollis. The diagnosis was made on radiological features

including tomography. He opined that initial reduction of the atlanto-axial

dislocation with skull traction followed by antero-lateral fusion was the

treatment of choice.

*********



CLASSIFICATION
•»

The first attempt at a classification of atlanto-axial dislocations was

by Malgaigne in 1855. (Werne 1957). He classified them as either traumatic

or pathological and either backwards or forwards according to the main

direction of dislocation. Blasius (Werne 1957) in 1868, felt that all cases

of atlanto-axial dislocations were of traumatic origin. By the turn of the

century, however, it became apparent that three main categories of dislocations

could be recognised a) traumatic b) spontaneous c) congenital.

GREENBERG (1968) proposed an anatomical classification of these disorders

after analysing the developmental anatomy, dynamics and pathophysiology

of the cranion-vertebral junction. He classified atlanto-axial dislocations

into two main groups:-

(1) Those caused by "Incompetence of the Odontoid Process" AND

(2) Those caused by "Incompetence of the Transverse Atlantal ligament"

(1) INCOMPETENCE OF ODONTOID PROCESS

(A) CONGENITAL

1) Type I : Os odontoideum

2) Type II : Ossiculum terminale

3) Type III : Agenesis of odontoid base

4) Type IV : Agenesis of apical segment

5) Type V : Agenesis of odontoid process

(B) TRAUMATIC

1) Acute

2) Chronic

(C) Infections

(D) Tumour

1) Primary

2) Metastatic
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(II) INCOMPETENCE OF TRANSVERSE ATLANTAL LIGAMENT

(A) CONGENITAL

1) Idiopathic

2) Mongol ism •

(B) TRAUMATIC

1) Acute

2) Chronic

Assimilation of atlas
Block vertebra C« C^

£. 13

(C) HYPERAEMIA

1) Infections

Bacterial

Viral

2) Rheumatoid Arthritis

Ankylosing spondylitis

The combinations of the various bony and neural anomalies are so numerous

as to make a correlated clinico-pathological radiological classification impossible.

The Neurologist will need a different working classification and SPILLANE

arrived at a functional grouping of all congenital cervical anomalies in his

article. This is useful to the Neurologist but not to the Orthopaedic surgeon

because it takes no account of instability.

1) Isolated primary basilar impression with neurological signs

2) Multiple anomalies with neurological signs.

3) Cerebella" ectopia with or without skeletal anomalies.

4) The Klippel - Feil syndrome

JEFFREY'S (1980) proposed an anatomical classification of cranio-vertebral

anomalies. He grouped them into two main groups of Bony anomalies and

Neural anomalies.
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(A) BONY ANOMALIES

1. Cranio-occipital anomalies u *

Occipital vertebrae

Basilar co-arction/occipital dysplasia

Condylar hypoplasia

Assimilation of atlas

2. Anomalies of atlas and axis

Aplasia of arch of atlas and variants

Aplasia of odontoid and variants

3. Anomalies below C~
•

Failures of segmentation

Klippel Feil and variants

Failures of fusion

Spina Bifida

Spondylolisthesis

Cervical rib

Scalenus medius syndrome

4. Anomalies associated with multiple congenital deformities

(B) NEURAL ANOMALIES

Arnold - Chiari malformation

Syringomyelia

Meningocoele (Spina Bifida)
Neurofibromatosis

* * * * * * * * *
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\L FEATURES

The signs and symptoms of patients with cranio-vertebral anomalies

with instability varies. Some are asymptomatic and are discovered by chance

radiography. The majority are discovered following trauma to the neck,

or the spontaneous onset of symptoms require radiological investigations.

The clinical features may be classified into four groups:-

,
1. MECHANICAL FEATURES

These are due to local irritation in the atlanto-axial joint. They are

neck pain, stiff neck, torticollis, pain in occiput or shoulders.

2. NEUROLOGICAL FEATURES

These may be transient cord signs or progressive cord signs. Transient

episodes of paresis following trauma may be a monoparesis, paraparesis,

hemiparesis, or quadriparesis. Progressive cord sign due to atlanto-axial

dislocation and cord compression are weakness, spasticity, ataxia, increased

deep tendon reflexes, clonus, loss of proprioception, sphincter disturbances

and frank paralysis

3. VASCULAR FEATURES

These symptoms are due to cerebral and brain stem ischemia due to

vertebral artery insufficiency. These being syncopal attacks, vertigo, diplopia,

mental deterioration and seizures.

fr. COMBINATIONS

Combinations of these features are usually present.

The clinical features of os odontoideum were summarised by McRae

(1953 and 1960). According to Rowland et al (1958) the clinical features

may be classified into the following groups:-
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(1) Cervical pain and torticollis following injury to the neck without neurological

signs.

(2) Transitory weakness and dysaesthesia of the extremities following trauma.

(3) Slowly progressive or permanent cervical myelopathy or nerve root

compression.

McKEEVER (1968) classifies 2 major groups of symptoms. (1) Those

referable to the neck resulting from joint irritation (2) Those referable

to the central nervous system either transient or permanent.

The symptoms due to joint irritation are pain in the neck, referred over

crown of the head along first and second cervical nerves, muscle spasm,

and restriction of movement. The neurological signs and symptoms may be

abrupt or insidious. Pyramidal tract signs involving one or all extremities

are weakness, spasticity and increased deep reflexes. Babinski sign and

ankle clonus are constant manifestations. The pyramidal decussation is

in proximity to the foramen of the atlas and pyramidal signs may occur

with or without sensory disturbances - most commonly without. Because

the basilar artery is formed by the convergence of the vertebral arteries,

vertigo, syncope, nystagmus and diplopia have been ascribed to instability

of the atlas on the axis.



INVESTIGATIONS

The investigations which are invaluable in the diagnosis of cranio-vertebral

anomalies are enlisted below:-

1) X Rays

Antero-posterior view

Lateral view

Open mouth view

2) Stress X-Rays

3) Tomogram

4) Myelogram

5) Ventriculogram

6) Angiography

7) CT Scan

X-RAYS

Conventional antero-posterior and lateral views will reveal the presence

and type of cranio-vertebral anomaly. It will show whether the odontoid

is present or absent and also the integrity of the rings of atlas and axis.

Block vertebrae and occipitalisation of atlas are also visualised. The open

mouth view shows hypoplastic odontoid, os odontoideum or ossiculum terminale

with clarity.

LATERAL CRANIOMETRY;- These are important to determine basilar

invagination, which is an upward movement of the base of the skull in

the region of the foramen magnum. It is measured by the intracranial

extension of the tip of the odontoid process.

Chamberlain's line (1939) is drawn from the posterior lip of the foramen

magnum to the dorsal margin of the hard palate. Intracranial projection

of up to one third of the length of the odontoid is normal.

McGregor's line (1948) is drawn from the upper surface of the posterior

edge of the hard palate to the most caudal point of the occipital curve
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of the skull. The tip of the odontoid normally does not extend more than

4.5 mm above this line. McRae's line (1953) defines the opening of the

foramen magnum. (Fig. 6)

STRESS X-RAYS

These are the lateral views of the cervical spine in flexion and extension.

These are absolutely essential to determine the presence of atlanto-axial

instability and cord compression.

The atlanto-dens interval (ADI) is the space between the anterior

aspect of the dens and the posterior aspect of the anterior arch of atlas.

Jackson (1950) defined the normal ADI to be less than 3mm in adults and

that there was no movement normally of C, on C- with flexion of the head.

However, he stressed that in children there is movement of C, on C~ with flexion

and the ADI interval may be as large as 4.5 mm in this position. A subtle

increase in the ADI in the neural position may indicate disruption of the

transverse atlantai ligament. The ADI is of limited value in chronic atlanto-

axial instability due to congenital anomalies. In these conditions the odontoid

is frequently found to be hypermobile with a widened ADI, particularly

in flexion, yet not all are symptomatic or require surgical stabilisation.

In this situation the amount of space available for the spinal cord

(SAC) is important. This is measured by the distance from the posterior

aspect of the odontoid or axis to the nearest posterior structure. (Posterior

ring of atlas or foramen magnum). This measurement is helpful in evaluating

a patient with os odontoideum because in this condition the ADI may be

normal, yet in flexion or extension the SAC is reduced. (Fig. 7)

McRae was the first to call attention to the relationship of neurologic

symptoms and the SAC. He noted that in his patients with atlanto-

occipital fusion, those with less than 19mm of available space behind

the odontoid or atlas were symptomatic. However, with the availability



(c)

(1) - McRAE'S LINE.

(2) - CHAMBERLAIN'S LINE.

(5) - MCGREGOR'S LINE.

Fig. 6 Lateral craniometry

S.A.C. - SPACE AVAILABIE RDR CORD.

A.B.I. - ATLANTO - DENS INTEWAL.

Fig. 7 Measurements for atlanto-axiai instability
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of more clinical data, this measurement has been more specifically defined.

GREENBERG (1968) has determined that in adults spinal cord compression

always occurs if the sagittal diameter of the cervical canal behind the

dens is 14 mm or less.

STEEL (1968) has called attention to the check effects of the alar

ligaments and how they form the second line of defence after disruption

of the transverse atlantal ligament. This secondary stability plays an

important role in chronic atlanto-axial instability. Steel defined the

'rule of thirds1. The area of the vertebral canal at C, can be divided into

one-third 'space'. The one-third space represents a safe zone in which

displacement can occur without neurologic impingement and is roughly

equivalent to the full transverse diameter of the odontoid. (Usually

1 cm). In chronic atlanto-axial instability it is of importance to recognise

when the patient has exceeded the safe zone of Steel and has entered

the area of impending spinal cord compression.

TOMOGRAM

Antero-posterior and lateral tomograms are indicated when routine

views are not satisfactory in demonstrating the anomaly. Anomalies

like hypoplastic odontoid, occipitalisation of atlas are clearly visualised.

MYELOGRAPHY

Before the advent of CT scan, contrast myelography was useful

in demonstrating and localising space occupying lesions and congenital

malformations in the cervical canal and cistern. It still is the standard

radiological investigation in several centres. Contrast medium may be

an oily or water soluble medium. The use of Metrizamide enables the

level of maximum cord compression to be demonstrated and gives an

idea of the necessity or not of decompression before stabilisation is

performed.
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VENTRICULQGRAPHY AND ANG1OGRAPHY

Air ventriculography was performed in earlier days to determine

the element of internal hydrocephaluS' due to long standing compression

at the cranio-vertebral junction.

Surgically remediable soft tissue lesions at the upper cervical level

have been revealed by angiography a'nd it was performed in earlier days

during the investigation of posterior fossa anamoly.

COMPUTERISED TOMOGRAPHY SCAN

The computed tomography brain scan has beyond question revolutionised

the diagnosis and management of intracranial lesions. Applications of

this imaging system in the diagnosis of lesions in other anatomical areas

have now been evaluated.

The accuracy of conventional X-Rays is limited by the various

components of human soft tissues. Conventional tomography eliminates

the problem of overlapping images, but does not distinguish the subtle

differences in tissue density.

Computed tomography permits detection and display of tissues

with similar absorption characteristics and produces a transverse cross

section of the part being examined.

In cranio-vertebral anomalies, the CT scan has provided valuable

information as to the presence of (a) cord compression (b) neural

anomalies and (c) internal hydrocephalus. This has enabled to dispense

with certain invasive investigations like myelogram, angiogram and ventricu-

logram.

ROACH et al (1984) have evaluated 5 children who were at risk

from atlanto-axial instability by CT scan in flexion and extension of

the cervical spine. They found that the scan quantitated the amount

of compromise of the cord by delineating flattening of the cord.
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TREATMENT

NAGASHIMA AND KUBOTA (1983) have categorised the pathological

anatomy of the cervico-medullary junction for treatment purposes into

reducible and non reducible dislocations.

GROUP I; Reducible cranio-vertebral dislocation, requiring posterior

fixation. Atlanto-axial stabilisation or occiptio-cervical stabilisation

in the correct position is the goal in these lesions.

GROUP II: Partially reducible CV dislocation requiring posterior decompression

and fusion.

GROUP III; Non reducible CV dislocation with severe narrowing of sagittal

diameter at C, C^, requiring posterior decompression and fixation.

GROUP IV: Non reducible CV dislocation with basilar impression requiring

posterior and anterior decompression and fusion.

GROUP V: Non reducible CV dislocation with basilar impression plus

lower cranial nerve paresis, requiring anterior decompression and subsequent

posterior fixation.

Asymptomatic cranio-vertebral anomalies without atlanto-axial

instability can be left alone and periodically observed. In cases of instability

due to odontoid anomalies, recumbent cervical traction followed by protective

immobilisation may alleviate the cervical symptoms but as long as the

basic instability remains, a recurrence is almost inevitable upon the resumption

of normal activities. Peripheral neurologic manifestations may subside

following recumbency and cervical traction, particularly if forward displace-

ment of the atlas is relieved. However, the subsidence of the neurologic

manifestations will not be permanent and symptoms will recur sooner

or later with activity.

INDICATIONS FOR SURGICAL TREATMENT

The prime indication for surgical treatment is the onset of signs

of central nervous system irritation. Once there is definite evidence

that the nervous system has been affected, even though the involvement
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is transient, surgical intervention is indicated.

Persistent cervical symptoms with pain, muscle spasm and occipital

neuralgia which are unyielding to conservative treatment may also be

an indication for surgery.

In younger persons who may be expected to follow a vigorous life

facing the hazards of trauma, surgical treatment may be indicated even

in the absence of cervical or neurological symptoms, if definite instability

is demonstrated.

SURGICAL TREATMENT

Surgical treatment of cranio-vertebral anomalies with atlanto-axial

instability has, for its objective, first the elimination of all pressure on

the spinal medulla and all compromise of the vertebral arteries. In cases

of mobile instability, the normal relation of atlas to axis is restored

and maintained during permanent fixation. In cases of irreducible dislocations

the removal of the compressing element namely the removal of the posterior

arch of atlas is indicated. This complicates the problem of producing

stability through fusion and requires extension of the fusion to second

or third cervical vertebrae. In some cases the foramen magnum has

to be enlarged to permit wider inspection and provide adequate clearance

of the spinal medulla.

POSTERIOR ATLANTO-AXIAL FUSION

MIXTER AND OSGOOD (1910) initiated the concept of open reduction

and posterior stabilisation for atlanto-axial dislocation. By a midline

incision the posterior elements were exposed. A stout braided silk was

passed around the posterior arch of atlas. Digital pressure through the

mouth was applied for reduction which was not fully achieved. The silk

band was tied around the hooked spinous process of axis.

ELY (1911) and JACKSON (1927) proposed the above operation when

traction failed to reduce the atlanto-axial dislocation. OSGOOD AND
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LUND (1928) suggested replacing the silk ligature with a strip of fascia.

GALLIE (1939) pioneered posterior atlanto-axial fusion. He advocated

skull traction, open reduction of subluxation and stabilisation. A suitable

bed of the posterior aspect of C, C was prepared, a bone block placed astride

and the bone graft and the two vertebrae were held together with wire.

The wire passes around the arch of atlas and either through or around

the graft. (Fig. 8).

McGRAW AND RUSCH (1973) defined the indications of atlanto-axial

arthrodesis and described the technique and results in 1.5 fusions based

on the Gallie principle.

FIELDING, HAWKINS AND RATZAN (1976) did a follow up of 46

Gallie type of fusions in which there was only one non-union. They recommend

this type of fusion because it was more effective with a higher rate

of fusion and relief of symptoms than other techniques. Extending the

extent of fusion is indicated in rheumatoid arthritis, deficient posterior

arch of atlas, irreducible anterior shift of atlas. They opined that slight

loss of range of rotation is not a factor to be considered in selecting

the extent of fusion.

BROOKS (1978) devised a wedge compression fusion of C. and C- wherein

he modified the Gallie method of wiring. Instead of simply passing the

midline wire underneath the arch of the atlas and fixing it to the spinous

process of C-, wires were passed under the lamina of C~ as well. These wires

then could be moved laterally from the midline and could circumscribe

to compress the bone grafts with the lamina of C- and the arch of C.. This

gives a much more rigid construct that resists rotation.

SHERK and SYNDER (1978) discuss the indications, techniques

and prognosis of posterior spinal fusions of upper cervical spine. Out

of 230 atlanto-axial fusions, their failure rate was 9.4%. They opine
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that odontoid anomalies carries the greatest risk of fusion failure and

that immobilisation in halo or tongs has a higher fusion rate.
M

MITSUI (1984) described a new operation for atlanto-axial arthrodesis

using the Mitsui Memoral Hospital system. The apparatus consists of

linked flat hooks on double screw supports, designed to hold and to oppose

the posterior elements of the atlas and axis. They used the system in

30 patients - 25 rheumatoid, 2 congenital, 1 trauma and 2 cerebral palsy.

The follow up averaged one and a half years and the results were satisfactory

in comparison with other methods. They claim that stability and safety

are the main advantages with almost complete correction of subluxation

in most patients.

KELLY et al (1972) described their experience with 7 patients in

whom methyl methacrylate and wiring was used to stabilise a fusion

of first and second cervical vertebrae for atlanto-axial subluxation.

Long term evaluation indicates that this is a safe and effective method.

ANTERIOR ATLANTO-AXIAL FUSION

OPPEL of Leningrad (1927) published a successful excision of the

anterior atlantal arch via an approach between the trapezium and sterno-

mastoid. This he did in order to avoid anterior compression of the medulla

in a case of atlanto-axial dislocation. Smith and Rogers hastened to

point out the fallacy of the reasoning ensuring that this method became

unpopular.

Surgeons had, for a long time, been draining retro-pharyngeal abscesses

through an incision on the posterior wall of the oro-pharynx. Scoville

and Sherman (1951) suggested using this approach to remove the odontoid

process in patients with basilar impression. Crone and Johnson (1954)

successfully excised an osteoma of the body of the axis via the mouth

and pharynx. Southwick and Robinson (1957) recommended this approach

for anterior exposure of the atlas and axis.
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FANG AND ONG (1962) reported on 6 cases of trans-oral fusion

of the atlanto-axial joint. They recommended the approach for reduction

and fusion of chronic atlanto-axial instability where skeletal traction

had failed. However, they had three wound infections of which one was

fatal. Infection, therefore, appeared to be the unavoidable danger since

the approach transversed a territory contaminated by oral bacteria.

Subsequent authors used a retro-pharyngeal approach. Whitesides

and Kelly (1966) using Henry's exposure for the vertebral artery, approached

the upper cervical spine by retracting the pharynx and carotid sheath

anteriorly. DeAngrade and McNab (1969) extended Southwick and Robinson's

approach upwards and entered the retro-pharyngeal space anterior to

the carotid sheath. Both exposures had the advantage of being extensile,

but were obstructed by the angle of the mandible, internal carotid artery

and stylohyoid apparatus.

MULLEN et al (1965) had successfully used the direct trans-oral

approach for excision of an anterior intra dural neurinoma of the foramen

magnum and a chordoma of the body of the axis.

GREENBERG (1967) reported good results after decompression by

excising a congenital os odontoideum in two patients.

ESTRIDGE AND SMITH (1967) excised and grafted a pseudarthrosis

of the dens obtaining solid fusion.

THOMPSON (1970) experienced few complications in six trans-oral

C, C? fusions of which five resulted in bony union and one ended in fibrous

union. Subsequent authors resorted to trans-oral excision of the dens

mostly after skeletal traction or when posterior decompression and fusion

had failed to relieve myelopathy.

GILSBACH AND EGGERT (1983) reviewed the literature on trans-oral

operations for cranio-spinal malformations and presented their experience
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in ten cases. They have also discussed the indications and technique

of the trans-orai approach. They opined that a primary anterior decompression
*•

followed by a most careful posterior stabilisation produces the most

favourable result.

OCCIP1TO-CERVICAL FUSION

Cranio-vertebral anomalies with irreducible atianto-axial dislocation

require decompression and stabilisation. Decompression of the cord is

done by laminectomy of the posterior arch of atlas as well as suboccipital

craniectomy (enlarging the posterior border of the foramen magnum).

Stabilisation is done by preparing the undersurface of the occiput, spinous

process and lamina of axis. Two burr holes are made on either side of the

midline about an inch proximal to the margin of the foramen magnum. Two

cortico-cancellous grafts are obtained from the posterior iliac crest.

They are placed one on either side of the midline and the proximal ends

are fixed to the occiput by wires, passed through the burr holes. The

distal ends of the grafts are also attached to the spinous process of

the axis by wires. (Fig. 9). Pre-operative skull traction is maintained

for 2 weeks post-operatively. The patient is fitted with a modified minerva

piaster jacket followed by a cervical collar until fusion is sound.

The earliest decompressive excision of the posterior arch of atlas

was performed by Ruszinski (1926) in a case of atianto-axial dislocation

with Brown Sequard hemiplegia. Smith and Rogers (1927) suggested the

same procedure to relieve compression on the medulla.

3EFFERSON (1927) proposed removing the posterior margin of the

foramen magnum for further decompression.

FOERSTER (1927) reported the first case of occipito-cervical fusion,

wherein he used a fibular graft to stabilise a progressive atianto-axial

dislocation.
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Posterior atlanto-axial fusi

Fig. 8 Atianto-axial fusions

Fig. 9 Occipito-cervical fusion



JUVARA AND DIMITRIU (1928) attempted to fuse an unstable atlanto-axial

dislocation with a tibial graft. The first reported operation using an

iliac bone graft was that of Kahn and Ygiesias (1935) in a case of progressive

atlanto-axial subluxation after failed conservative treatment for fracture

of the dens.

CONE AND TURNER (1937) recommended posterior fusion over

at least three levels for chronic atlanto-axial instability, but included

the occiput only if the posterior arch of atlas has been excised.

RAND (1944) employed the operation for spontaneous atlanto-axial

subluxation.

SPILLANE, PALLI5 AND JONES (1957) reviewed twenty four patients

with bony anomalies in the region of the foramen magnum six of whom

underwent operation with improvement.

LIPSCOMB (1957) reported nine cases, five for congenital anomalies

and four for post traumatic instability. He opined that including the

occiput was necessary for irreducible dislocation or when extensive

laminectomy was required. Total neck fusion including the occiput was

described by Perry and Nickel (1959) for severe muscular paralysis following

poliomyelitis.

HAMBLEN (1967) described the indications, technique and results

of occipito-cervical fusion. Of the thirteen operated cases, seven had

congenital anomalies in the region of foramen magnum and six had spontaneous

atlanto-axial dislocations. Only one case was done prophylactically to

stabilise a disorganised cervical spine. Operative fusion was successful

in all cases in his series. The clinical results were good in eight and

satisfactory in four cases. The technique of the operation has been described

in detail and depending on the condition of the patient it could be done

in two stages. He recommended that the operation should always be

performed as a combined orthopaedic and neurosurgical procedure.



NEWMAN AND SWEETNAM (1969) discussed the indications and operative

technique of occipito-cervical fusion. They claim simplicity, safety and

reliability as the advantages of this fusion. They opined that inclusion

of the occiput adds no more than a few degrees to the restriction of movement

that follows atlanto-axial fusion. In their technique the occiput was prepared

by raising slices of superficial cortex with an osteotome. They packed the

prepared bed with a mass of finely chipped cancellous bone from the ilium. -

No internal fixation is used. They have operated on nine patients by this

technique. Solid fusion was obtained in all except one which developed

a pseudarthrosis and necessitated a second graft.

KOOP et al (1984) reviewed the surgical treatment of upper cervical

instability in thirteen skeletally immature children and adolescents. According

to them posterior cervical arthrodesis with wire fixation has a risk of

neural injury and is useful in adults but not in children with anomalous

vertebrae. Delicate surgical exposure, decortication with an air drill,

placement of autogenous cancellous iliac grafts, combined with external

immobilisation by a halo cast is a reliable procedure to obtain solid arthrodesis

in children.

*********
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CLINICAL MATERIAL

The clinical material is presented in 2 sections. The first section includes

the cases treated at the Department of Orthopaedic Surgery, Govt. General

Hospital and Madras Medical College, Madras, India. The second section

includes the cases treated at the Department of Orthopaedic Surgery, Alder

Hey Childrens1 Hospital, Broadgreen Hospital and Royal Liverpool Hospital,

Liverpool.

SECTION - A

A total of 22 cases were seen at the Department of Orthopaedic Surgery,

Govt. General Hospital, Madras.

SEX INCIDENCE

17

5

AGE GROUP

10 years and below 3

11 to 20 years 7

21 to 30 years 6

30 years and over 6

TYPE OF ANOMALIES

Os odontoideum 12

Hypoplastic odontoid 7

Basilar invagination 2
•

Occipitalisation of atlas 1

TREATMENT

Suboccipital craniectomy and occipito-cervical fusion 12

Atlanto-axial fusion 1
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COMPLICATIONS

Death 1

Pressure sore in scalp 2

Superficial infection 2

Break in graft 1

The cases seen are enlisted in Table I. Five illustrative cases are presented

in detail:

CASE I (OS ODONTOIDEUM)

B.A. 18 years male, presented with gradual onset of weakness of

his upper and lower limbs for the past one year. He gave a past history

of having been involved in a fight four years ago when he was hit on the

nape of his neck by a fist.

CLINICAL EXAMINATION: He was a healthy boy of normal intelligence.

Cervical spine revealed no localised bony tenderness. Flexion, extension,

right and left lateral rotation were 2/3 range of motion. There was a palpable

depression above the spinous process of C~. On flexion this depression increased

and on extension it almost disappeared.

Neurological examination revealed that both his upper and lower limbs

were mildly spastic with grade 4 power M.R.C. grade. There was no sensory

disturbance in his limbs. All the deep tendon jerks were brisk with bilateral

planter extensor responses. There was no bladder or bowel dysfunction.

INVESTIGATIONS: X-Rays of his cervical spine included anteroposterior,

lateral and open mouth views. The lateral view showed os odontoideum

where the odontoid was separate from the axis. Stress X-Rays were done

to determine the stability of the atlanto-axial junction. On flexion the atlanto-
•

dens interval was normal but the space available for the spinal cord was

grossly diminished. (Fig.10). On extension there was complete reduction
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of the atlanto-axial dislocation. (Fig. 11). The composite picture well illustrates

the instability. (Fig. 12).

TREATMENT: The patient was initially placed in skull traction and Stryker

frame. The suboccipital region was exposed by a posterior midline approach.

It was possible to completely reduce the posterior arch of C,. Using bone

nibblers the posterior surfaces of atlas and axis were prepared. Two wire

loops were placed on either side of the posterior arch of atlas and fixed

to the spinous process of axis. Cortico-cancellous bone graft from the iliac

crest was placed between the posterior arch of atlas and axis. (Fig. 13).

The skull traction was continued for two weeks post-operatively. After

removal of sutures an extended plaster cervical collar was applied including

the occiput, neck, chin up to the level of the shoulders and patient was

mobilised.

FOLLOW-UP: The plaster collar immobilisation was continued for three

months after which a leather cervical collar was continued for another three

months. The patient gradually recovered his neurological status and by the

end of six months had gained full power in all his limbs. Four years follow

up showed almost full movements in his neck and the patient was back to

his work as shop assistant. X-Rays revealed sound fusion and stability on

stress views. (Fig. 14- and 15)

CASE 2 (HYPOPLASTIC ODONTOID)

C., 4-0 years male, presented with increasing pain in the neck and difficulty

in moving his neck of three months duration. He also complained of recurrent

episodes of dizziness and on a few occasions had fainted. This was of insidious

onset with no history of trauma. Gradually the pain and stiffness in his

neck had become worse.

CLINICAL EXAMINATION: Cervical spine movements were grossly restricted

in all directions. There was diffuse tenderness in the upper spine at level
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BASHEERAHMEi
31.10.79

Fig. 10 Atlanto-axial dislocation with
flexion

Fig. 11 Reduction of the dislocation
with extension

Fig. 12 Stress views showing atlanto-axial instability
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B A SHEER AHMED
16-11-79

Fig. 13 X-Ray after atlanto-axial fusion

Fig- 14 Fig. 15

4 years follow up x-rays showing stability in stress views
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of C , ~ _ . Motor power was normal in all four limbs. He had hypoaesthesia in

C- C. dermatomes in both upper limbs. Deep tendon jerks were normal.
*•

INVESTIGATIONS: Plain X-Ray anteroposterior (Fig. 16) and lateral view

& (Fig- 17) showed an odontoid which was short and stubby. Tomograms were
*

done for better delienation of the anomaly. (Fig. 18). This revealed a

hypoplastic odontoid with an increased atlanto-dens interval anteriorly, and
i

reduced space available for the cord posteriorly.

TREATMENT; Pre-operative skull traction was applied and the cranio-vertebral

junction was exposed by posterior midline approach. (Fig. 19). Decompression

of cord was done by laminectomy of the posterior arch of atlas and enlarging

the foramen magnum posteriorly. The bed was prepared to receive the graft.

Two burr holes made on the occiput on either side of the midline about

an inch proximal and lateral to the foramen magnum. Two cortico-cancellous^

grafts measuring 2" x 1/2" x 1/4" were obtained from the iliac crest. Stainless

steel wires were passed through the holes and used to fix the proximal end

of the graft. (Fig. 20). The distal end of the graft was attached to the

spinous process of C2 by wires. (Fig.21). The wound was closed and the skull

traction was continued for two weeks post-operatively.

X-Rays showed graft in situ. (Fig. 22). The management by extended

plaster cervical collar and leather collar was as described before.

FOLLOW UP: At 3 months, when the plaster collar was removed, fresh

X-Rays were taken (Fig. 23). His pain in the neck had completely gone

but he had persistent hypoaesthesia over C^ dermatome at the end of 1 year.

He did not have any dizziness or fainting attacks after the operation.

•
CASE 3 (OCCIPITAL1SATION OF ATLAS)

S., 30 years old, male, was admitted for insidious onset of quadriparesis of

one year duration. There was no history of trauma. He also had had occasional
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CHANDRAN
26.11.79

»

CHAHDPAN
2S.1I . 79

Fig- 16 Fig. 17

AP and Lat. views showing hypoplastic odontoid

•

CHANDRAN-
6.12. 79

Fig. 18 Tomogram showing hypopiasia and atlant-axial subluxation
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Fig. 19
Exposure of cranio-

vertebrai junction

Fig. 20
Decompression and
preparation of the

graft bed

Fig. 21
Graft and wires in situ
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CHANDRAN
POST-OP

Fig. 22 Post operative X-ray after occipito-cervical fusion

Fig. 23 Three months after operation



giddiness with fainting episodes.

CLINICAL EXAMINATION: Cervical spine movements were 3/4. No tenderness
«•*

in spine. Cranial nerves were normal. The motor power in his limbs was

grade 4 with minimal spasticity. He had a subjective sensation of tingling

and numbness down the radial aspect of both his forearms and hands. No

objective sensory deficit. Deep tendon jerks were exaggerated. There was

no bladder or bowel symptoms.

INVESTIGATIONS: Plain X-Rays revealed occipitalisation of the posterior

arch of atlas and a block vertebra of C~ C~. (Fig. 24). Tomograms were done

which also confirmed the diagnosis. The ADI was found increased to 8 mm.

A myelogram was done (Fig. 25) which revealed an incomplete block at

the occipito-cervical junction. CT scan was done which showed cord compression

by the odontoid (Fig.26) no posterior fossa soft tissue anomaly (Fig. 27)

and no evidence of internal hydrocephaius (Fig.28).

TREATMENT: The treatment regime followed was initial skull traction,

followed by surgical decompression and occipito-cervical fusion. Post operative

X-Ray (Fig. 29) shows graft in situ.

The patient showed gradual improvement in his neurological status

by one year and is doing well.

CASE 4 (BASILAR INVAGINATION)

D., 16 years old male, presented with ' insidious onset of quadriparesis

of 3 months duration. There was no history of trauma or throat infection

in the past.

CLINICAL EXAMINATION: He was a moderately built individual. He had

a short neck and low hair line. The shoulders were in level. Cervical spine

movements were restricted to half. Neurological examinations revealed

all the features of cord compression with no bladder or bowel involvement.

X-RAY: The anteroposterior (Fig. 30) and lateral views (Fig. 31) of the



Fig. 24- Occipitaiisation of post, arch of C, and block vertebra C2 Co

Sac hicxanant ham
- fl/>

Fig. 25 Myelogram showing block at occipito-cervical 'junction
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Fig. 26
CT scan showing odontoid compressing the cord

Fig. 27

No anomaly in post, cranial fossa
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Fig. 28 Normal ventricles. No internal hydrocephalus

Fig. 29 After skull traction and occipito-cervical fusion



cervical spine revealed basilar invagination which was well delienated by

the lateral tomogram (Fig. 32). The odontoid process was invaginating

upwards and was lying above the Chamberlain's line. There was also atlanto-

axial subluxation.

TREATMENT: The pre and post-operative regime was followed according

to the earlier cases. The surgical procedure was also the same of suboccipital

craniectomy, cervical laminectomy and occipito-cervicai fusion. Post-operative

X-Rays show graft in situ. (Fig. 33).

FOLLOW UP: Three and a half year follow up showed excellent improvement

in neurology and good stability. (Fig. 34).

CASE 3 (BASILAR INVAGINATION)

S., 15 years old male, presented with torticollis of 2 months duration.

There was no history of trauma to the neck or any ENT infection.

CLINICAL EXAMINATION; He had a left sided torticollis with the chin

tilted to the right side and the occiput shifted to the left side. (Fig. 35

and 36). There was no bony tenderness. Movements of the neck were restricted.

There was no neurological deficit in any limb. Bladder and bowel were intact.

X-RAY: X-Rays of the neck revealed an anomaly where the posterior arch

of atlas was fused with that of axis and there was dislocation of the atlanto-

axial joint with basilar invagination. (Fig. 37 and 38).

TREATMENT: In view of the fact that he had already developed mechanical

symptoms of torticollis it was decided to decompress and stabilise the cranio-

vertebral junction. Initial skull traction and Stryker frame immobilisation

was performed. The suboccipital region was exposed. Suboccipital craniectomy

was done. Two holes placed on either side of midline and wires passed through

them. The grafts placed between the occiput and spinous process of axis

and fixed with wires.
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Fig. 30

DHANRAJ
PRE-TRACTIQH. g . T . 7 7

Fig.31

AP and Lat, views showing basiiar invagination

tt.1.77.

Fig. 32

Tomogram showing basiiar invagination
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Fig. 33 After decompression and
occipito-cervical fusion

Fig. 34 X-ray 3 1/2 years after operation



FOLLOW UP: Post operative X-Rays showed good alignment of the graft.

(Fig. 39). Patients torticollis had disappeared by the time the plaster collar

was removed. In one year he was back to his normal activities.

*********
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Fig. 35 Fig. 36

Clinical photos showing (L) Torticollis

Fig. 37 Fig. 38

Stress views showing post, fusion Cj C2 and basilar invagination
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Fig. 39

Post op. X-ray showing graft and wires in situ



SECTION - B

Fourteen cases of cranio-vertebral anomalies have been seen at the

Department of Orthopaedic Surgery, Alder Hey Childrens1 Hospital, Broadgreen

Hospital and Royal Liverpool Hospital, Liverpool.

The anomalies were present in conditions such as Klippel Feil syndrome,

Kniest syndrome, Diastrophic dwarf ism, Marfan's syndrome and Morquio's

syndrome. Two cases have been treated surgically. The case of Morquio's

syndrome had a progressive neurological deficit due to atlanto-axial subluxation

and was treated by decompression with good recovery. The second case

of atlanto-axial dislocation treated by atlanto-axial fusion is presented in

this section.

SEX INCIDENCE

Males 5

Females 9

AGE GROUP

10 years and below 5

11 to 20 years 6

30 years and over 3

TYPES OF ANOMALIES

Hypoplastic odontoid i±

Os Odontoideum i

Block vertebrae 3

Occipitalisaion of atlas 3

Basilar invagination i

Atlanto-axial dislocation 2
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TREATMENT

Occipito-cervical decompression 1
**

Atlanto-axial fusion 1

The cases are enlisted in Table II. Four illustrative cases are described
•

in detail.

CASE 6

S.O., was born on 8.4.70 after a normal pregnancy. The childhood

milestones were normal. There has been behavioural problems during childhood.

He presented with occipital headaches and parasthesia in the left arm which

was intermittent in nature.

CLINICAL EXAMINATION: He had a brevicollis and a foreshortened occiput.

There was no bony tenderness in the neck. All movements of the cervical

spine were restricted. Cranial nerves were intact. Both shoulders were

elevated. There was a restriction of abduction in the final stages. There

was hypoplasia of the left arm and forearm. Motor power normal. No sensory

or jerk deficit. Grip was slightly weak in the left side. Both lower limbs

were normal. Bladder and bowel were normal. There was no evidence of

long tract signs.

X-RAYS: Antero-posterior view of the cervical spine revealed fusion defects

in C, C7 vertebra. (Fig. 40). Both scapulae were elevated. The lateral view

showed occipitalisation of C, and block vertebra C? C-, (Fig. 41).

FOLLOW UP: The nerve conduction studies in the left upper limb were

within normal limits. There was no evidence of neurological deficit or instability

at the cranio-vertebral junction, and he is being followed up at regular intervals.

CASE 7

R.H., was born on 4.9.79. During pregnancy mother had painful spasms

in abdomen and mild hydramnios. She was not taking any medication. Birth
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Fig. 40 Spina bifida C, CT
D /

vertebrae

Fig. 41 Occipitalisation of atlas
Block vertebra C,~ C~



weight was 5 Ibs 5 oz. At birth Rebecca was thought to have Pierre Robin

syndrome. A repair of the cleft palate was done at the age of one year.

CLINICAL EXAMINATION: She was of short stature. Neck movements

were restricted. Mild barrel chest was present. No scoliosis was present

in the spine. The humeri and forearm were short in the upper limbs. There

was widening of carpals with thickened lower radii. Hip movements were

restricted in abduction and internal rotation. Knee range of movement

was full. Bilateral genu valgum and plano-valgus .feet were present. In

the spine there was a slight kyphosity in the dorsi-lumbar area. There was

no neurological deficit.

X-RAYS: Cervical spine revealed a hypoplastic stable odontoid with occipito-

atlantal hypermobility (Fig. 42 and 43). Skeletal survey revealed platyspondyly

in the thorax. Pelvis showed small iliac blades, short pubic rami, oblique

flat acetabulae (Fig.44). The hands showed short distal phalanges and abnormal

carpal ossification. The radiologist diagnosed the patient as a case of Kniest

syndrome.

FOLLOW UP: From the neck point of view, she is being followed up at regular

intervals. As there was increasing valgus at both knees she was admitted

for realignment femoral osteotomies.

CASE 8

3.A., was born on 28.9.80 and had a birth weight of 2.5 kg. There

was no problems during pregnancy and the delivery was full term and normal.

Childhood milestones were progressing satisfactorily. She was referred because

of prominent cervico-dorsal junction.

CLINICAL EXAMINATION: She had a normal negroid facial appearance.

There was no cranial nerve deficit. Upper limbs were normal. No cardiac

lesion. There was a small prominence at the cervico-dorsai region, but

lower down the axial skeleton was in good order. No undue thoracic cage
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Fig. 42 Fig. 43

Stress views showing hypoplastic odontoid and hypermobile occipito-atiantal joint

Fig. 44

Pelvis showing small iliac blades, short pubic rami, oblique flattened
acetabulae
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asymmetry anteriorly. Abdomen was normal. Lower limbs were normal.

No neurological deficit. Bladder and bowel were normal.

X-RAYS: Antero-posterior view of the cervico-dorsal junction revealed

spina bifida C7 D, (Fig. 45). Lateral view of the cervico-occipital junction,

revealed a hypoplastic odontoid with possible fusion of atlas and axis. (Fig.46).

After discussion with the radiologist, stress X-Rays were done which revealed

a stable atlanto-axial junction. Tomograms (Fig. 47) were done for better

delienation of the anomaly. This revealed a rather attenuated anterior arch
•

of atlas with the possibility of the posterior arch having fused with that

of the axis.

FOLLOW UP: As there was no mechanical or neurological symptoms, no

active treatment was offered. The child is being kept under regular follow

* up.

CASE 9

C.L., (9.9.77) was born five weeks premature by forceps delivery.

Her developmental milestones were normal. There was no family history

of congenital disease or iigamentous laxity.

On 16.6.82, she was knocked down by a car and sustained multiple

injuries. She had a ruptured spleen, fracture shaft of left femur and injury

to her neck. After initial resuscitation a spienectomy was performed. The

fracture shaft of femur was treated by traction and the neck was immobilised

in a cervical collar. There was no neurological deficit.

The femur united uneventfully. Stress views of the cervical spine revealed

^ atlanto-axial subluxation on flexion (Fig. 48) and this reduced on extension

(Fig. 49). In this case it was felt that congenital laxity of the ligaments

of the atlanto-axial region with the superadded trauma had precipitated

the subluxation. In view of the excessive atlanto-dens interval of 10 mm

on flexion, it was decided to stabilise the atlanto-axial joint.
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Fig. 45
Spina bifida C~,

Fig. 46
Enlarged spinous process C~

•
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Fig. 47 Tomo^ram showing attenuated ant. arch of Cj and fusion of post, arch

of C and C

--

Fig. 48 Flexion view showing atlanto-axial dislocation
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Fig. 49 Extension view showing

reduction

Fig. 50 Posterior atlanto-
axiai fusion



TREATMENT: On 2.11.83 a posterior atlanto-axial fusion was performed.

Through a transverse skin incision, the cranio-vertebral junction was exposed.

A wire was passed through the posterior arch of atlas and fixed to the spinous

process of axis, to hold the atlas in the reduced position. Decortication

was done and bone graft from the left iliac crest was placed astride the

atlas and axis. Post operatively she was immobilised in a minerva jacket

of hexelite.

FOLLOW UP; The child was mobilising satisfactorily in the post operative

period with the jacket. The minerva jacket was removed after 6 months.

X-Ray revealed stabilisation of the atlas on the axis and the wires in situ.

(Fig. 50). She was doing well 1 year after the operation and was gradually

allowed to go back to her normal activities.

*



DISCUSSION

Cranio-Vertebral anomalies are, very interesting lesions particularly

because of their rarity and also because of their potential for producing

neurologic sequelae in view of their vital situation. Some of them are incidental

radiological findings and are of no practical significance. Few of them may

precipitate symptoms and signs when superimposed with a relatively minor,

acquired pathology including trauma. With increasing awareness, these lesions

are being recognised more commonly.

Cranio-vertebral anomalies are the common congenital cause of atlanto-

axial instability and resultant neurological sequelae. The other acquired

causes of atlanto-axial instability are traumatic, inflammatory, infective

and neoplastic conditions.

Trauma causing fracture of the odontoid process is notorious for precipitating

atlanto-axial instability. Inflammatory changes secondary to rheumatoid

arthritis weaken the ligamentous stabilising factors around the odontoid

process and may lead on to instability. In conditions like Paget's disease

there is an associated softening of bone causing platybasia and basilar invagination.

Infection secondary to septic tonsillitis in children leads to instability and

is well recognised by Oto-Rhino Laryngologist's as Grisel's disease. Cases

of tuberculous infection at this junction have also been reported. Tumours

of the atlas and axis, which include both benign and malignant lesions though

rare, have also compromised this critical region of the neuraxis.

In view of the neural anomalies like Arnold-Chiari malformation and

the presenting neurological features of many of the bony anomalies, patients

may present initially to the Neurologist or Neuro-surgeon. Earlier reports

of these conditions were mainly from clinicians in these specialities. However

in view of the bony anomalies and the instability which follows decompression

of this critical area, the Orthopaedic surgeon has an important role to piay



in the management of these conditions. The close co-operation between

the two specialities is essential for the successful management of cranio-

vertebral anomalies (Hamblen). ^ •

Of the cranio-vertebral anomalies, odontoid anomalies have been

frequently reported. Greenberg's classification of the odontoid anomalies

into 5 types is well accepted. They are the os odontoideum, ossiculum

terminale, agenesis, hypoplasia and aplasia of the odontoid. Controversy

still surrounds the aetiology of os odontoideum. Earlier authors like Ford

and Gillman propose a congenital theory to this condition. Woliin and

Fielding believe it to be of traumatic aetiology, wherein the odontoid has

suffered a non-union following fracture.

In all reported series, males predominate. The age group of presentation

varies from one year to 73 years. (McKeever, Fielding). Fielding, in his

series of 35 patients, quotes 26 having had a past history of injury to the

neck. The varying types of presentation include quadriparesis, transient

paresis, torticollis, ischemic attacks. (Greenberg, Fielding, McKeever,

Bharucha, Minderhoud). Cranial nerve palsies have also been reported.

(Bharucha). The main anomalies reported are ossiculum terminale (Greenberg)

Os Odontoideum (McKeever) and Occipitalisation of atlas (Bharucha).

Cranio-vertebral anomalies in different types of short statured conditions

has been well described. (Kopits, Bailey). Hence all types of dysplasias

and dwarfism should have evaluation of their atlanto-axial region. In our

series we have also found the anomaly in Kniest syndrome, Diastrophic

dwarfism and Klippel Feil syndrome.

The indication for surgical treatment which has been agreed by several

authors is the onset of neurological symptoms. However, persistent mechanical

symptoms or ischemic symptoms and instability in young adults are also

indications for decompression and stabilisation. In reducible dislocations,

atlanto-axial arthrodesis by the Gallic method or Brooks modification of

the method has given good results. In irreducible dislocations, adequate
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decompression and occipito-cervical fusion has given excellent results. (Hambien)

Occipito-cervical fusion without any internal fixation has also been described

(Newman and Sweetnam). In our operated series, we have 12 occipito-cervical

fusions and 2 atlanto-axial fusions. In one case of Morquio's disease

decompression alone has given a good recovery of neurological symptoms.

One death in our series was due to respiratory failure following decompression.

The superficial infections and pressure sores in 3 cases healed well with

dressings. One patient had a break in the graft due to a fall 6 months after

operation, but the consolidation was adequate and he did not develop any

problems.

* * * * * * * * *



SUMMARY
•

y

1. Cranio-vertebrai anomalies are rare lesions. An awareness of these congenital
£

anomalies, enables more frequent detection. They are common in short statured

conditions and dysplastic syndromes.

2. Their importance lies in their potential for producing neurological sequelae

due to atlanto-axial instability.

3. There are several types of anomalies. Odontoid anomalies are the most

frequently encountered

4. Clinically they have varying modes of presentation. The symptoms and

signs may be neurological, mechanical, vascular, or combinations.

5. Investigations like stress x-rays, tomography, myelography and CT scan,

* enable us to determine the types of anomaly, presence of instability and cord

compression.

6. The absolute indication for surgical treatment is the onset of neurological

deficit. Mechanical or vascular features are also indications for surgery.

7. In reducible atlanto-axial dislocations, the treatment of choice is reduction

and atlanto-axial fusion. In irreducible dislocations, the principle of treatment

is decompression and stabilisation.

8. Surgery should be done as a combined orthopaedic and neurosurgical procedure.

Posterior decompression and occipito-cervical fusion has given good results

in our series. Skull traction was used in all patients.

9. 36 cases have been seen in Madras and Liverpool. Nine illustrative cases

and their management have been presented.

*•*• * * ** * * -x- * * **• -x- •** •*-** *



TABLE I

CASES FROM GOVT. GENERAL HOSPITAL, MADRAS

NO

1

2

3

4

5

6

7

Q

Q

1 0

11

NAME

Basheer Ahmed

Chandran

Sachidanandam

Dhanraj

Sankaran

Ramakrishnan

Arulmozhi

Kumar

Krishan

Perumal

Lakshminarasamma

AGE
(Years)

18

40

30

16

15

40

20

22

40

28

12

SEX

M

M

M

M

M

M

F

M

M

M

F

CV ANOMALY

Os Odontoideum

Hypopiastic Odontoid

Occipitalisation of Atlas

Basiiar invagination

Basilar invagination. Fusion
of post, arch of C, and C-

Hypopiastic Odontoid

Hypopiastic Odontoid

Hypopiastic Odontoid

Hypopiastic Odontoid

Os Odontoideum

Os Odontoideum

TREATMENT

Atlanto-axial fusion

Occipito-cervical fusion

Occipito-cervical fusion

Occipito-cervical fusion

Occipito-Qervical fusion
;

Occipito-cervical fusion

Occipito-cervical fusion

/

Occipito-cervical fusion



TABLE I (CONTINUED)

NO

12

13

1*

15

16

17

18

19

20

21

22

NAME

Lalitha

Neela i

Gunasekharan

Usha

Natarajan

Sheik Abdul Kader

Nagarajan

Kumaresan

Venkatesan

Subramani

3anardhanan

AGE
(Years)

6

16

8

20

25

31

51

40

9

24

26

SEX

F

F

M

F

M

M

M

M

M

M

M

CV ANOMALY

Os Odontoideum

Os Odontoideum

Os Odontoideum

Os Odontoideum

Os Odontoideum

Os Odontoideum

Hypoplastic Odontoid

Hypoplastic Odontoid

Os Odontoideum

Os Odontoideum
(No instability)

Os Odontoideum
(No instability)

TREATMENT

Occipito-cervical fusion

Occipito-cervical fusion

Occipito-cervical fusion

Occipito-cervical fusion
(Patient died)

i
Occipito-cervical fusion

.

Periodic follow up

Periodic follow up



TABLE II

CASES FROM UNIVERSITY HOSPITALS, LIVERPOOL

NO

1

2

3

4

5

6

7

8

9

10

NAME

Darren Sheeran

Simon O'Neii

Sarah Blakemore

Rebecca Hornby

Leigh Gill

Nina Thompson

Ian McEl vogue

3eanette Hoey

Jennifer Af fu l

Margaret McErlean

DATE OF BIRTH

29.9.71

8.4.70

14.1.66

4.9.79

5.7.84

3.11.76

23.1.72

15.7.68

28.9.80

1.6.52

SEX

M

M

F

F

F

F

M

F

F

F

CONDITION

Klippel Feil Syndrome

Klippel Feil Syndrome

Kniest Syndrome

Kniest Syndrome

Diastrophic dwarfism

Diastrophic dwarfism

Marfan's Syndrome

Cranio-vertebral anomaly

Cranio-vertebral anomaly

Morquio-Brailsford
5yndrome

TYPE OF CV ANOMALY

Block vertebra C? to C?

Occipitalisation of C,

Block vertebra C- C.,

Spina bifida C. & C7
D /

Hypoplastic Odontoid

Hypoplastic Odontoid ,.

Hypoplastic Odontoid
Pseudosubluxation C~ C^

Hypoplastic Odontoid

Atlanto-axial subluxation

Fusion C2 C^ & C^ Cr vertebra

Spina Bifida C7 D. . Post.
arch C, fused to t2-

Platybasia and Basilar invagination.
Decompression done.



TABLE II (CONTINUED)

,*

NO

11

12

13

14

NAME

Douglass Hogg

Claire Lowe

Maria Lopez

Robert Kempt

DATE OF
BIRTH

21.12.67

9.9.77

8.5.48

1039027V

SEX

M

F

F

M

CONDITION

Occipito-cervical
Meningocoele

Atlanto-axial instability

Cranio-vertebral anomaly

Cranio-vertebral anomaly

TYPE OF CV ANOMALY

Occipitalisation of atlas.
Block vertebra C2 to C,

Atlanto-axial subluxation

Atlanto-axial fusion done

Os Odontoideum

Occipitalisation of atlas.
Atlanto-axial instability

i

Ui
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A PHYSICIANS PRAYER

Dear Lord,

Thou Great Physician, I kneel before Thee. Since every good
and perfect gift must come from Thee, I pray:

Give skill to my hands, clear vision to my mind, kindness and
sympathy to my heart.

Give singleness of purpose, strength to l if t at least a part of
the burden of my suffering fellowmen and a true realisation
of the privilege that is mine.

Take from my heart all guile and worldiiness that with the simple
Faith of a child, I may rely on Thee.

Thank You My Lord.
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