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Background: The atlas is the first cervical vertebra, commonly called C1. Occipitalization
of the atlas, occipitocervical synostosis, or atlanto-occipital fusion is one of the most
common skeletal abnormalities of the upper cervical spine. Its incidence ranges from
0.08%-3% in general population. Occipitalization of the atlas result in narrowing of
foramen magnum which may compress the brain stem, vertebral artery and cranial nerves.
Knowledge of occipitocervical synostosis is important for the surgeons during the surgeries
in the craniovertebral region.

Methods: In the present study a sample of 84 adult human skulls were examined in the
department of Anatomy, Shyam Shah Medical College, Rewa (MP), for evidence of
atlanto-occipital fusion. For the study non pathological adult skulls of unknown sex were
included.

Results: Total two specimens exhibited occipitalization of atlas. One specimen exhibited
atlanto-occipital fusion, in which the total fusion of the atlas vertebra with the skull was
seen. It also exhibited large anterior tubercle and hypoglossal canal was present only on
right side. In another specimen, anterior arch of the atlas along with the anterior tubercle
was completely fused with the anterior rim of foramen magnum of the occipital bone except
for a slit-like opening above the left anterior arch of atlas near the anterior tubercle. It also
exhibited hypoglossal canal on both sides with normal size and shape.

Conclusions: The partial or complete assimilation of the atlas may have resulted due to
disruption in the separation of the caudal part of the first sclerotome from the cranial part of
the first sclerotome. The knowledge about pre existing malformations and their clinical and
radiological appearance is important during diagnostic imaging studies. This condition may
also be of importance to physiotherapist dealing with the neck pain.

Copyright©2018 Bhaskar B.Reddy et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

neck movements and/or abnormal short neck®. The clinical
findings may be the headache, neck pain, numbness and pain

First cervical vertebra is also known as Atlas, because it
supports the globe of the head. The atlas is a ring shaped bone
without a body. It has an anterior arch, a posterior arch and
two lateral masses. Occipitalization is a congenital synostosis
of the atlas to the occiput, which is a result of failure of
segmentation and separation of the most caudal occipital
sclerotome and the first cervical sclerotome during the first
few weeks of fetal life'.

Occipitalization of the atlas or atlanto- occipital fusion is one
of the most common osseous anomalies of the craniovertebral
junction®. Occipitalization of the atlas is an important
congenital malformation because of its close relationship to the
spino-medullary region and it can produce a wide range of
neurological signs and symptoms such as torticollis, restricted
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in the limbs, weakness, abnormal head posture.
Occipitalization also results in weakness and ataxia of the
lower extremities while numbness and pain in the upper
extremities. Apart from this, vertebral artery compression or
even its total occlusion in the bony canal leading to dizziness,
seizures, mental deterioration and syncope has also been
reported®. This anatomical variation may remain unnoticed
until the patient undergoes clinical or radiological
investigation for the treatment of symptoms or may be
encountered as surgical, autopsy findings or during
morphological studies of skull.

The aim of the present study is to demonstrate the prevalence
of atlanto-occipital fusion and to describe, in detail, the gross
skeletal changes that occur in such an anomaly. The
knowledge of this uncommon anatomical variation in the
cranio-vertebral junction is imperative for clinicians.
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METHODS

In the present study a sample of 84 adult human skulls were
examined in the department of Anatomy, Shyam Shah Medical
College, Rewa (MP), for evidence of atlanto-occipital fusion.
For the study non pathological adult skulls of unknown sex
were included. The base of skulls was observed for the
presence of atlanto-occipital fusion. The skulls which showed
atlanto-occipital fusion were studied in detail and their
photographs were taken. In the skulls which showed the
fusion, the antero-posterior diameter, transverse diameter of
foramen magnum and inferior articular facets of atlas were
measured using Vernier calipers.

RESULTS

Out of the 84 adult human dry skulls studied, 2 (2.38%) skulls
showed occipitalization of atlas.

Specimen 1 (Fig.1)

e The anterior arch of the atlas along with the anterior
tubercle was completely fused with the anterior rim of
foramen magnum of the occipital bone.

Size of the anterior tubercle was larger than the normal.
The posterior arch was partially broken and fused with
the posterior rim of foramen magnum on right side.

e The superior articular facets of the atlas vertebra was
completely fused with the occipital condyles on the
right and left sides.

e The specimen showed no fusion of the transverse
processes with the occipital bone on both the sides.

e The foramen transversaria were seen to be normal in
appearance on both the sides

e The inferior articular facets of atlas vertebra were
rounded in outline on the right side and oval on the left
side and directed downward on both the sides.

e The antero-posterior diameter of the foramen magnum
was 33 mm and the transverse diameter was 25 mm.

e Hypoglossal canal was observed on the right side and
not on the left side.

IAF: Inferior articular
process

FT: Foramen Transversarium
RTP: Right transverse

L process

LTP: Left transverse process
AA: Anterior arch

AT: Anterior tubercle

PA: Posterior arch

RHC: Right hypoglossal
canal

FM: Foramen magnum

Fig 1 Occipitalization of Atlas vertebra- Antero inferior view

Specimen 2 (Fig.2)

e The anterior arch of the atlas along with the anterior
tubercle was completely fused with the anterior rim of
foramen magnum of the occipital bone except for a slit-
like opening above the left anterior arch of atlas near the
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anterior tubercle.

e Size of the anterior tubercle appears to be normal.

e The upper margin of the posterior arch was completely
fused with the posterior rim of foramen magnum.

e The superior articular facets of the atlas vertebra was
completely fused with the occipital condyles on the
right and left sides.

e The specimen showed very short transverse processes
on both the sides.

e The inferior articular facets of atlas vertebra were
rounded in outline on the right side and oval on the left
side and directed downward on both the sides

e The antero-posterior diameter of the foramen magnum
was 31 mm and seems to be reduced due to
encroachment of the posterior arch. The transverse
diameter was 25 mm.

e Hypoglossal canal was observed on both sides with

normal size and shape.
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Fig 2 Occipitalization of Atlas vertebra- Antero inferior view

Table 1 Morphometric measurements of the skulls with
atlanto-occipital fusion

nS(;. Measurements Skull-1  Skull-2
1. Anteroposterior diameter of foramen magnum 33mm 31 mm
2. Transverse diameter of foramen magnum 25mm 25 mm
3. Anteroposterior diameter of right condylar facet 16 mm 17 mm
4. Transverse diameter of right condylar facet 199mm 13 mm
5. Anteroposterior diameter of left condylar facet 20 mm 11 mm
6. Transverse diameter of left condylar facet 13mm 17 mm
Table 2 Incidence of Atlanto—occipital fusion
authors Name incidence = No. of cases/ Percentage
total no. of skulls studied (%)
Hussain Saheb et al., [16] 1/125 0.80
Sharma et al., [4] 2/70 2.85
Seema et al., [17] 2/100 2
Kassim et al., [18] 2/55 3.63
Surekha et al., [6] 1/150 0.67
Mudaliar et al.,[19] 2/200 1
Present study 2/84 2.38
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DISCUSSION

Atlanto-occipital fusion was first described by Rokitansky in
1884 and demonstrated roentgenographically by Schuller in
191179,

The development of atlas is essential for understanding
congenital anomalies. The body of atlas vertebra derives from
the primitive fourth occipital and first cervical sclerotomes.
Three or more ossification centers form the atlas. Usually one
midline center builds the anterior arch in the seventh week of
gestation. At the same time, two ossification centers form the
lateral masses’.

The caudal half of the first cervical sclerotome combines with
the rostral half of the second cervical sclerotome to form the
first cervical vertebra. Unification between the ossified atlas
parts occurs at five to nine years of age *°. The ossification
usually proceeds perichondrally.

Patients with occipitalization of atlas do not develop the
symptoms until the second decade of life. Clinical
manifestations associated with atlanto occipital fusion are
mainly attributed to the gradual increase in ligamentous laxity
of the transverse ligament in relation to the odontoid process.
The flexion and extension movements of neck lead to the
compression of spinal cord. The chances of regeneration of the
central nervous system decreases with increasing age and
repeated injuries to the nerves from the odontoid may result in
the neurological symptoms. Atlanto-occipital fusion is
associated with narrowing of foramen magnum, compression
of spinal cord or brain stem'’.

Compression of spinal cord or the brain stem can produce
signs and symptoms like simple headache to a full blown
neurological syndrome. The neurological complications could
be the result of compression of spinal cord, nerves and vessels.
The symptoms of neurological syndrome can be occipital
headache, neck pain, numbness and pain in the limbs,
weakness and abnormal head posture™'"*'?.

Spinal cord compression always occurs when the sagittal
spinal canal diameter behind the odontoid process is less than
or equal to 14 mm. Spinal cord compression is possible when
the sagittal canal diameter is between 15 mm-17 mm and
almost never occurs at a distance of 18 mm or more'”.

Serious clinical manifestation such as myopathy, limitations of
neck movements, muscular weakness and atrophy and sensory
loss also reported. It has been reported that patients with
atlanto-occipital fusion can have tonic or clonic
convulsions'*'*,

CONCLUSIONS

The knowledge about pre existing malformations and their
clinical and radiological appearance is important during
diagnostic imaging studies. Fusion associated with the
reduction in dimensions of foramen magnum is definitely
significant for diagnostic and therapeutic purposes to
clinicians. The knowledge of assimilation may be of
importance to orthopedic surgeons dealing with the
pathologies of upper cervical spine as it may cause anesthetic
problems like failure of cisternal puncture. This condition may
also l?Se of importance to physiotherapist dealing with the neck
pain.
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