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Abstract 
Aim: To study the morphometry of foramen transversarium of the cervical vertebrae on both 
sides.  
Material & Methods: The present study was conducted in the department of Anatomy, 
Vardhman institute of medical sciences, Pawapuri, Nalanda, Bihar, India for three months. 
400 dry human cervical vertebras of unknown age and sex were utilized for this study.  
Results: After intercomparison, the p-value was found to be <0.001 (p<0.05) in all cases, 
which was statistically significant. A significant increase in the diameter of the foramen 
transversarium was observed on the left side of all vertebrae studied. 
Conclusion: Successful surgical management in degenerative, traumatic, and neoplastic 
diseases of the cervical spine needs well-detailed knowledge of the anatomy of the cervical 
spinal column. 
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Introduction 

Musculoskeletal disorders result from 
injury or damage to the neurovascular 
bundles, bones, and associated structures 
[1]. The vertebral column is one of the 
structures vulnerable to musculoskeletal 
injury, especially the cervical vertebrae 
(CV), among others. The CV forms an 
essential component of the vertebral 
column [2] and presents the vertebral 
body, vertebral arch, vertebral foramen, 
articular facet, spinous process, and 
foramen transversarium (FT) as essential 
anatomical adaptation features [3]. The FT 

is an important and noticeable feature of 
the cervical vertebrae that occupies the 
sympathetic fibers, vertebral vein (VV), 
and vertebral artery (VA) [4]. This 
foramen is also known as VA foramen 
concerning the VA that passes through it 
[5], which makes anatomical knowledge 
regarding the variations of FT essential in 
diagnosis, radiological assessment, and 
medical imaging interpretation [6]. 
There is correlation between the atlas 
morphology with head and neck posture 
[7]. Thus, the presence of other bony 
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variations, as well as the prevalence of 
neck syndromes and injuries necessitates 
the study of the atlas transverse foramina. 
The recognition of this variation provides 
safety and efficiency for the posterior 
approaches of cervical spine [8]. From the 
clinical point of view, occipital neuralgia 
is usually unilateral and has a 
characteristic shock like pain lasting for a 
short duration indicative of neural origin 
[8]. The pain is confined to the dermatome 
of the nerve root at the lower occipital 
region of scalp and upper neck. 
Compression of the nerve root by an 
abnormal course of vertebral artery has 
been reported in the literature. Bony 
abnormalities at the craniovertebral 
junction can cause occipital headache due 
to abnormal course of vertebral artery and 
joint instability [9-10]. 
Recently, there was a report on the direct 
measurement of sub axial cervical pedicles 
in Thai patients [11]. However, the 
morphometry of FT and FA in the 
northeast Thai population has not yet been 
investigated. Therefore, this study aimed 
to investigate the morphometry and 
incidence of FT. In addition, the variant 
formation of FA was also recorded. This 
morphometric study explored the size of 
the FT for consideration prior to upper 
cervical spine fixation in the Thai 
population, with the aim of avoiding injury 
to vertebral vessels and the sympathetic 
plexus. 
Material & Methods: 
The present study was conducted in the 
department of Anatomy, Vardhman 
institute of medical sciences, Pawapuri, 
Nalanda, Bihar, India for three months. 
400 dry human cervical vertebras of 
unknown age and sex were utilized for this 
study. Complete intact vertebrae only were 
taken into consideration for the study. 
Vertebra which was damaged, 
incompletely formed, and with any signs 

of previous injuries were excluded from 
the study. 
For each cervical vertebra, the foramen 
transversarium was studied and the 
following parameters were noted for the 
present study. 
1. The highest diameter of foramen 

transversarium on the right and left 
side.  

2. Incidence of accessory foramen  
3. Absence of foramen. The diameters 

were measured by using Digital 
Vernier caliper. In the case of a 
vertebra with two foramina, we 
considered smaller foramen as 
accessory foramen transversarium and 
larger foramen as main FT. 

Results: 
Among 400 vertebrae studied, the 
accessory foramina were noted in 93 
(23.25%) vertebrae. On 32 (8%) vertebrae 
the accessory foramen was observed on 
both sides of the vertebra and in the 
remaining 65 (16.25%), it was observed on 
one side.  
Among the unilateral cases, 32 were 
present on the right side and 16 were on 
the left side. In both unilateral and bilateral 
cases, the increased incidence of accessory 
foramina was noted more in the C6 
vertebra. Compared to the main foramen, 
the accessory foramen transversarium was 
smaller in all cases (Figure 1). No 
variations were observed in C1 and C2. 
The incidence of triple foramen was not 
noted. 
The mean diameter and standard deviation 
of foramen transversarium from C1 to C7 
were compared on both sides. After 
intercomparison, the p-value was found to 
be <0.001 (p<0.05) in all cases, which was 
statistically significant [Table 1]. Hence, a 
significant increase in the diameter of the 
foramen transversarium was observed on 
the left side of all vertebrae studied.
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Figure 1: Superior view: a) Typical cervical vertebra with foramen transversarium on 

both sides b) Typical cervical vertebra showing bilateral FT c) Cervical vertebra 
showing unilateral FT on right side 

Table 1: Diameter of foramen transversarium of cervical vertebrae (C1-C7) on both 
sides 

Diameter of foramen 
transversarium ( mm ) 

Right (n=400) Mean 
±SD 

Left(n=400) 
Mean ±SD 

p-value 

C1 6.58±0.67 6.82±0.5 <0.001* 
C2 5.54±0.18 6.40±1.22  <0.001* 
C3 4.90±0.23 5.20±0.16  <0.001* 
C4 6.02±0.14 6.37±0.20  <0.001* 
C5 6.30±0.15 6.68±0.15  <0.001* 
C6 6.40±0.21 6.38±0.16 <0.001* 
C7 6.25±1.02 6.69±0.17 <0.001* 

 

Discussion: 

The APD measurement was approximately 
5.3 mm in male and 4.9 mm in female, 
APD was larger in male than the female, 
which agreed with a previous study that 
reported larger APD measurement of FT in 
males than in females [12]. 
The cases of oblique elliptical (left to 
right) shape of FTs were documented. 
There were 25 FT observed for this type. 
Only three (2.31%) FT exhibits type 5 
(elliptical from left to right oblique) on the 
right side, and a total number of 22 
(16.92%) was observed on the left side. 
The frequencies of oblique elliptical 
shapes, both right to left and left to right 
types, are similar considerably and 
differed from other shape types. A recent 
study by Kwiatkowska et al. [13] reported 
similar findings of approximately 10%. A 
total of 34 were observed for the irregular 
type of FT. Seventeen (13.07%) FT 

exhibited type 6 (irregular) in this study on 
the right side, and the same total of 17 
(13.07%) was also observed on the left 
side. This result corroborates the previous 
finding by Aziz and Morgan [14] that 
documented a 10% frequency for the 
irregular type of FT. The absence of FT 
(type 7) 0.77% was observed on the left 
side of a male specimen. This incidence is 
lower in comparison to previous studies 
reported by Zibis et al. [15] 
In South Africans, no difference in FT 
diameters of the upper spine vertebrae has 
been found [16]. In general, the transverse 
diameter of the left side is greater than that 
of the right side in some nationalities 
including the Thai population [17]. In the 
literature, the shape of the FT can be 
classified into 5, 12, and 13 types. [18] 
Moreover, it has been suggested that the 
preponderance of osteophytes on lateral 
margins of FT could lead to narrowing of 
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Medio lateral diameter leading to 
compression of vertebral artery and its 
dissection [19]. Hence it can be assumed 
that oval shape FT oval 29.6% with 
anteroposterior diameter greater than 
Medio lateral diameter had minimal risk of 
vertebral artery compression syndrome. 
Also, it is well known that any narrowing 
of FT may result information of 
atheromatous plaques in vertebral artery 
which may result in thrombosis/emboli 
/reflex spasm predisposing to 
vertebrobasilar insufficiency [20]. 
Murlimanju et al [21] reported the 
presence of accessory foramen on one side 
is more common than both sides. In the 
present study, in 21 (6%) vertebrae the 
accessory foramen was observed on both 
sides of the vertebra, and in the remaining 
45 (13%), it was observed on one side. 
Among the presence of foramen on one 
side, 30 were present on the right side and 
15 were on the left side. 
We noted an increased diameter of a 
foramen in the C1 vertebra, more on the 
left side in the present study. The 
maximum diameter of C1 could be due to 
the largest calibre of the vertebral artery at 
the level of the C1. Since the vertebral 
artery within the foramen transversarium 
did not have constant caliber during its 
course, as reported by Cavder et 
al.[22]Cavder reported that the artery was 
reduced in caliber from C6 to C3; it began 
to re-increase in its caliber above C3 and 
reached its largest caliber at the C1 level. 
Cagnie et al [23] showed that at all levels, 
the greater diameter was noted on left side 
of vertebra than the right side. In the 
present study also, we observed a 
significant increase in the diameter of the 
foramen transversarium on the left side 
compared to the right side. [24] 
Conclusion: 
Successful surgical management in 
degenerative, traumatic, and neoplastic 
diseases of the cervical spine needs well-
detailed knowledge of the anatomy of the 

cervical spinal column. The morphometric 
parameters of foramen transversarium 
studied on both sides in all vertebras will 
be added data and can serve as a helpful 
guide while performing various surgeries 
of the neck region and for proper 
interpretation of X-rays and CT scan. 
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