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ABSTRACT
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Any congenital or acquired abnormality in the vertebral column is of interest for radiologist, orthopedician,
forensic pathologist, neurologist and clinical anatomist. Such abnormality in the vertebrae may be either
asymptomatic or may limit our movements because of the important structures related to them.

During the osteology demonstration session for medical undergraduate students, we have found a few abnormal
vertebrae of different regions of the spinal column.

The clinical implications and embryological significance of these specimens is discussed here.
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or vertebral synostosis [4]. Congenital vertebral
fusion most commonly involves cervical region,
followed by thoracic and lumbar regions [5].
Occipitalization represents the most cephalic
‘blocked’ vertebra encountered in the spine [6].
It is characterized by complete or partial fusion
of the atlas to the base of the occipital bone
[7].
Fusion of thoracic vertebrae, although less
frequent than cervical one, is due to ossifica-
tion of anterior longitudinal ligaments [8].
Lumbosacral transitional vertebrae (LSTV) occur
as a congenital anomaly in the segmentation of
lumbosacral spine [9]. In LSTV, either the fifth
lumbar vertebra may show assimilation to the
sacrum (sacralization), or the first sacral
vertebra may show transition to a lumbar
configuration (lumbarisation) [10].

Developmental errors of vertebrae are extremely
variable, involving from one level only to
multiple defects throughout the length of the
spine and affecting any part of the vertebrae
[1]. Various vertebral anomalies of anatomic
interest have been reported viz.; occipitalisation,
sacralisation, lumbarisation, vertebral synosto-
sis etc [2].
Spine formation is an intricate and highly
regulated process. Any disruption in this process
can result in vertebral anomalies. These defects
can cause compression of the spinal cord due
to deformation of the vertebral canal, spinal
curvature, and alterations of the shape and
number of vertebrae [3].
Vertebral fusion at single or multiple levels is
referred to as block vertebrae or spinal fusion
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Spina bifida (split spine) is a congenital verte-
bral defect that occurs due to failure of the
halves of the embryonic neural vertebral arch
to fuse [11].
A study was conducted on the vertebral bones
to observe for anatomical variations in this part
of North East India.

MATERIALS AND METHODS

Adult dry vertebrae of all the regions were
collected and studied to observe for any abnor-
mal fusion between the vertebrae or any fusion
defect for a period of five years from December
2011 to December 2016, in the Department of
Anatomy, Silchar Medical College, Silchar.
After thorough study, eight vertebral bones of
different levels of vertebral column were found
with fusion defect. The anomalous vertebral
bones were then studied in detail and their
photographs were taken. The study is being
applied for approval by ethical committee of the
institute.

Among the eight vertebrae under study, one case
of occipitalization of atlas, one case of two fused
thoracic vertebrae, three cases of Sacralisation
of fifth lumbar vertebrae (partial or complete),
one case of lumbarisation of 1st sacral vertebra,
one case of spina bifida of lumbar vertebra and
one case of sacralised fifth lumbar vertebra with
partial bony fusion of left sacroiliac joint were
observed.

RESULTS AND OBSERVATIONS

Fig. 1: Occipitalization of Atlas: anterior view (1A),
posterior view (1B).

sides were completely fused with the corre-
sponding occipital condyles (figure-1A and 1B).
Block vertebra in thoracic region shows
fusion of two adjoining typical vertebrae, at the
region of articular facets and lamina on both
sides; with no other part fused including the
spinous processes. The inter-vertebral disc
space is maintained with a definitive inter-
vertebral foramen. The costal facet is well
defined (Figure no.2A and 2B).

1A 1B
Occipitalization of atlas: the anterior arch and
lateral masses of the atlas are fused with the
occipital bone, but the posterior arch remain
unfused. Foramen magnum is oval in shape with
anterior–posterior and transverse Diameter
being 23mm and 24mm respectively. Superior
articular facets of the atlas on both left and right

Fig. 2: Fused thoracic vertebrae: posterior view (2A) and
lateral view (2B).

2A 2B

Sacralisation: In lumbosacral region, 3 cases of
fusion between 5th lumbar vertebra and first
sacral vertebra are observed. Out of three
sacralised bones, in two specimens, (figure no.
3A and B) fifth lumbar vertebra has united with
the first sacral vertebra in the midline and on
both sides.
Fig. 3: A and B showing fifth lumbar vertebra united with
the first sacral vertebra in the midline and on both sides.
(a) and (b) are ventral and dorsal view of the vertebrae
respectively.

In the remaining one, (figure no.4a) the body is
not completely fused with the 1st sacral verte-
bra in the ventral aspect.

A(a) A(b)

B(a) B(b)
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All the 3 bones are presented with six vertebral
bodies, five pairs of sacral foramina (instead of
four) both on the pelvic and dorsal surfaces of
the sacrum; sacral hiatus and sacral cornua
appeared to be normal in all the three cases.
Fig..4: sacralisation with 5th lumber vertebra not fused
with the sacrum in midline ventrally (4a) but complete
fusion dorsally (4b).

Lumbarisation: demonstrates partial lumbari-
sation of the first sacral vertebrae on left side.
The sacrum has three distinct ventral and
dorsal sacral foramina.  Partial lumbarisation on
left side is combined with presence of distinct
transverse process on left side. On the right side
the transverse process of first sacral vertebra is
fused completely with that of second sacral
vertebra on ventral aspect while this fusion was
incomplete on dorsal aspect. The bodies of both
vertebrae were completely separated from each
other both ventrally and dorsally with presence
of distinct intervertebral space (Figure no.5a and
5b).
Fig. 5: partial lumbarisation of the first sacral vertebrae
(5a, 5b ventral and dorsal aspects respectively).

Bony fusion of sacroiliac joint: the bone shows
that the sacroiliac joint has been ossified
partially on left side. There is bony synostosis
between the ala of sacrum and the auricular
surface of ilium in the upper 1/4th of the sacro-
iliac joint. The sacrum is also presented with
complete sacralisation of 5th lumbar vertebra
with 5 pairs of ventral & dorsal sacral foramina
(figure no.6a and 6b).

Fig. 6: partial bony synostosis of the sacroiliac joint.
6a, 6b are ventral and superior view respectively.

Spina bifida: A lumbar vertebra is found with
the lamina on left side failed to fuse with
opposite side lamina and the spinous process,
leaving a distinct gap between left lamina and
the spinous process (figure no.7).
Fig. 7: Dorsal view of the lumber vertebra showing spina
bifida.

DISCUSSION

The fusion of two or more vertebrae can be
congential or acquired. Congenital fusion is due
to failure of segmentation of sclerotomes at
certain levels at the time of organogenesis4. It
has also been hypothesised that decreased
local blood supply during 3rd to 8th week of
development results in inappropriate segmen-
tation [12]. Though rare, acquired fusion of
vertebrae is secondary to trauma, tuberculosis
or other infections and juvenile rheumatoid ar-
thritis [13]. Vertebral fusion anomalies are likely
to be associated with disturbance of Pax-1 gene
expression in developing vertebral column [14].
The block vertebrae may cause restricted move-
ments, premature degenerative changes and
associated neurological deficits. The symptoms
may vary as per the extent and level of verte-
bral fusion [15].
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influences [22]. Wellik et al., showed that in
absence of Hox 11 function, sacral vertebrae are
not formed and instead these vertebrae assume
a lumbar identity. Again in absence of Hox 10
function, no lumbar vertebrae are formed. Thus
these studies showed that, the normal pattern-
ing of lumbar and sacral vertebrae as well as
the changes in the axial pattern, such as
Lumbosacral transition vertebrae, result from
mutations in the Hox10 and Hox11 paralogous
genes [23].
LSTV can cause low back pain which may result
from the pressure on nerve trunks, ligamentous
strain or compression of soft tissues between
bony joints [9]. The incidence of disc herniation
is also found to be higher in LSTV [24].
Lumbarisation of first sacral vertebra is reported
with a very low incidence of 2%, as compared to
sacralisation of fifth lumbar vertebrae [25]. Com-
plete lumbarisation of first sacral vertebrae,
leading to increase in the number of lumbar
vertebrae, is a rare occurrence. Partial lumbari-
sation, similar to the present case, can be seen
with distinct disc space between the S1 and
S2 [26].
Incidence of sacralisation of lumbar vertebrae
was found to be 6.6% [9], 11.1% [27] and 20.8%
[28] in different studies.
Spina bifida results from non-closure of the
neural tube during embryonic development. It
is classified into two main groups: open and
closed variety. It is thought to arise as a result
of genetic and environmental factors [29]. The
most frequent location of spina bifida is the
lumbosacral region (50%), followed by the
thoracolumbar region (35%) [30].

Occipitalization of atlas, the most cephalic
‘blocked’ vertebra, is due to failure in segmen-
tation and separation of the most caudal occipi-
tal sclerotome and first cervical sclerotome
during fourth week of intrauterine life6. The
anomalies pertaining to craniovertebral junction
is of great importance because of the presence
of vertebral artery and first cervical nerve on the
superficial aspect of atlas. Compression of the
vertebral artery can compromise blood flow to
the brain; compression of first cervical nerve can
cause neurological symptoms [16].
The incidence of atlanto occipital fusion ranges
from 0.14 to 0.75% of the population, with both
sexes being equally affected6. The occipitocer-
vical synostosis can be complete or incomplete;
complete one is more common than the partial
[16].
The incidence of fused thoracic vertebrae
varied from 1.6% to 4.16% in literature [15].
Clinically the fused thoracic vertebrae can
present with congenital scoliosis early in life and
shortening of trunk with scoliosis and / or
lordosis in older children 17. Massive fusion of
thoracic vertebrae can narrow the thorax lead-
ing to respiratory distress [18].
The thoracic or lumbar vertebral fusion is an
autosomal recessive disorder  [19]. Lumbosac-
ral transitional vertebrae (LSTV) are most
common congenital anomalies of the lumbosac-
ral spine. The lumbosacral spine, besides
protecting the spinal cord and spinal nerves, also
plays an important role in posture and locomo-
tion  [20].
LSTV is linked to its embryological development.
Vertebra receives contribution from caudal half
of one sclerotome and cranial half of succeed-
ing sclerotome. LSTV are caused by border shifts.
Sacralisation of fifth lumbar vertebra is due to
cranial shift and the lumbarisation of first
sacral segment is due to caudal shift21.
Complete transition results in numerical
abnormalities of the lumbar and sacral
segments. LSTV, in most cases, however, is
incomplete or unilateral but can also be
bilateral and complete [20].
Literature is unclear about exact origin of LSTV;
it is likely a product of both genetic predisposi-
tion (Hox10 gene mutation) and developmental

CONCLUSION

Awareness of vertebral anomalies is of interest
to clinical anatomist, forensic experts and also
to clinicians. Knowledge of such abnormality is
important for radiologists during diagnostic
imaging studies. Awareness of this abnormality
is a prerequisite for a neurosurgeon to prevent
complications during and after the spinal
manipulations. Incorrect numbering may create
complication during administration of
anaesthetics in patients with LSTV.
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