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Introduction
The cervical vertebrae are identified by the presence of a foramen 
in their transverse processes called the foramen transversarium 
(F.T). The F.T is formed when the vestigial costal element fuses 
with the true transverse element to form a composite transverse 
process [1]. 

The vertebrae of the cervical and proximal thoracic part of the 
human vertebral column are the area undergoing the most intense 
transformation during phylogeny, leading to many anatomical 
variants [2, 3]. The aim of the present study was to study the 
variations in shape and size of the F.T of the typical cervical 
vertebrae. These variations of F.T could be due of remnants of 
costal element or due to variations in the vertebral vessels. The 
anatomical knowledge of the variations in the F.T of cervical 
vertebrae can be of importance to the neurologists, clinicians and 
radiologists for proper interpretation of X-rays and CT scans. If 
the ante mortem radiographs of such cases of bony variations are 
available then these radiographs may be helpful to the forensic 
experts in identification of the dead bodies.

Materials & Methods
The present work was conducted to study the variations of the 
foramen transversarium in typical cervical vertebrae. For this 
study, 176 typical cervical vertebrae were selected from a total 
of 299 cervical vertebrae. These vertebrae were selected from the 
archives of the department of Anatomy, Gian Sagar Medical & 
Dental College, Banur, Luxmi Bai Dental College, Patiala, Punjab 
and Swami Devi Dayal Dental College, Barwala, Haryana.

Each typical cervical vertebra was observed carefully for variations 
in the shape, size and number of foramen transversarium.

A note was made of the vertebrae where the F.T was absent or 
incomplete and asymmetry in the size of F.T was also observed. 
The sizes of the F.T were measured with the help of digital vernier 
calipers. 

Where an accessory F.T was present, it was noted whether the 
accessory F.T was unilateral or bilateral and symmetrical or 
asymmetrical.
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Abstract
The cardinal feature of cervical vertebrae is the foramen transversarium, which transmits the vertebral artery, its accompanying vein 
and a sympathetic plexus from the inferior cervical ganglion. The aim of the present study was to observe the variations in the size 
and shape and number of foramen transversarium of typical cervical vertebrae. The study material consisted of 176 typical cervical 
vertebrae of unknown sex and origin, taken from adult dried human bones present in archieve of department of anatomy. The 
maximum and minimum mean diameters of the foramen transversarium on the right side were 6.54 mm and 5.39 mm respectively. 
On the left side, the maximum and minimum mean diameters of the foramen transversarium were 6.28 mm and 5.27 mm respectively. 
The difference of parameters on the right & left side was statistically insignificant. In no case was the foramen transversarium absent 
though it was asymmetrical in two cervical vertebrae. Accessory foramen transversarium were present in 11 cervical vertebrae which 
were present bilaterally in 7 and unilaterally in 4 vertebrae (1 right-sided and 3 left-sided). These accessory foramina could be due 
of remnants of costal element or due to variations in the vertebral vessels. The anatomical knowledge of the variations in the F.T of 
cervical vertebrae can be of importance to the neurologists, clinicians and radiologists for proper interpretation of X-rays and CT 
scans. This knowledge can also play an important role in identification of the dead bodies if ante mortem radiographs of the deceased 
are available for comparison. 
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Observations
176 typical cervical vertebrae were separated from a total of 299 
cervical vertebrae to study the variations of shape, size and number 
of F.T. The Variations of F.T are shown in Table 1.

Table 1: Variations oF F.T

Accessory F.T- Bilateral (7) Accessory F.T- Unilateral (4)
Asymmetrical Symmetrical Right side Left side
4 3 1 3

Accessory F.T was observed in 11cervical vertebrae. In 3, the 
accessory F.T was present bilaterally and was symmetrical 
(Figure 1), in 4 it was bilateral and asymmetrical (Figure 2). In 
one bilaterally asymmetrical accessory F.T, the accessory F.T was 
complete on the right side but incomplete on the left (Figure 3). 
In 4 cervical vertebrae, the accessory F.T was present unilaterally 
(Figure 4).

An incomplete F.T was found in 2 (Figure 5) and asymmetrical F.T 
was observed in 2 cervical vertebrae- small sized F.T on right side 
(Figure 6) and small sized F.T on left side (Figure 7). No cervical 
vertebra presented an absence of F.T.



The size of the F.T was measured with digital vernier calipers. 
Each measurement was taken thrice and their mean was considered 
as the final measurement. The difference in measurements on the 
right and left side was statistically insignificant. The variation in 
the size of F.T is shown in Table 2. The range of maximum & 
minimum diameters on the right & left side are presented in Table 
3.

Table 2: Variation in the Size oF F.T (in mm)

DIAMETER SIDE Mean (mm) ± S.D. t stat p value Significance

Maximum Right 6.54 0.741 0.8138 0.4208 Statistically 
insignificantLeft 6.28 1.205

Minimum Right 5.39 0.570 0.4743 0.6380 Statistically 
insignificantLeft 5.27 0.911

Table 3: Range of Diameters (in mm)

RIGHT SIDED LEFT SIDED 
Maximum 5.51- 8.62 Maximum 2.52-7.94
Minimum 3.89-6.52 Minimum 2.39- 6.82

Discussion
Studies have been conducted earlier to study the variations of F.T 
in cervical vertebrae [4, 5]. The present study was undertaken 
to see the variations in shape, size and number of the foramina 
transversaria of only the typical cervical vertebrae. In a study on 
200 typical cervical vertebrae, Sharma found 7 unilateral and 9 
bilateral accessory F.T in (0.08%) [6]. Murlimanju found accessory 
F.T in only 0.02%. In the present study, 11accessory F.T (0.06%) 
were found in 176 typical cervical vertebrae [7]. In the study by 
Das only one unilateral and one bilateral accessory F.T was present 
in 132 cervical vertebrae. Murlimanju, found only 1 bilateral and 5 
unilateral accessory F.T (4 right-sided & 1 left-sided) [7, 8]. In the 
present study, 7 accessory F.T were bilateral and 4 were unilateral 
(1 right-sided & 3 left-sided). A case of triplicate accessory F.T has 
been reported by Wysocki while no such vertebra was found in the 
present study [9].

In the present study, bilaterally incomplete F.T was observed in 2 
cases and asymmetry of the F.T was observed in 2 cases where the 
F.T was narrower than the normal F.T. It was suggested by Traitz 
that the narrowness of F.T suggested a small vertebral artery and a 
large-sized F.T may be due to the presence of big vertebral vein or 

connective tissue [10]. 

The reasons for the presence of accessory F.T can be developmental 
or vascular. It might be due to double rib bone element on the 
same side fusing to the original transverse process resulting in 
unusual number of F.T [10]. Accessory F.T may be correlated 
with variations of the vertebral artery. Bifid or duplicate origin of 
vertebral artery has been reported [11, 12]. Unilateral & bilateral 
absence of vertebral artery has also been reported [13, 14]. The 
absence of vertebral artery is related with absence of F.T but 
absence of F.T was not found in the present study [10].

Traitz suggested that the formation of accessory F.T may also be 
due to the tensions and stresses imposed on the vertebral vessels 
by relatively free movements of the cervical spine [10]. The 
variations in the number and size of F.T may be an important 
cause for complaints like headache, migraine and fainting attacks 
due to compression of the vertebral artery [15]. An accessory F.T 
may narrow the size of real transverse process and may result in 
pressure on vertebral vessels and sympathetic plexus embedding 
in it.
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Conclusion
In the present study, variations of the shape, size and number of the 
F.T of typical cervical vertebrae were observed. An accessory F.T 
was observed in 11 typical cervical vertebrae. The reasons for these 
variations could be developmental or vascular. The anatomical 
knowledge of the variations in the F.T of cervical vertebrae can be 
of importance to the clinicians and neurologists as these variations 
can be responsible for headache, migraine and fainting attacks 
due to compression of the vertebral artery. These variations of F.T 
are also important for the clinicians and radiologists for proper 
interpretation of X-rays and CT scans. Forensic identification of a 
person living or dead is important and this variation can prove to 
be very helpful in identification of the deceased if the ante mortem 
records are available.
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