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Introduction
The cervical vertebrae are seven in number, and all have one 
characteristic feature; presence of FT affecting each transverse 
process. In typical cervical vertebrae, the transverse process has 
dorsal and ventral bars around the FT which terminate laterally as 
corresponding tubercles. These are connected lateral to the FT by 
costal or intertubercular lamella. The dorsal and ventral tubercles 
and  the intertubercular lamella represent morphologically the 
capitulum, tubercle and neck of a cervical costal element. The 
morphological transverse process is represented by the attachment 
of the dorsal bar to the pediculo-laminar junction [1]. Foramen 
Transversarium gives passage to vertebral artery, vertebral vein and 
sympathetic plexus from inferior cervical ganglion while C7 vertebra 
transmits only the vein [2]. The vertebrae of the cervical part and 
the proximal thoracic part of the human vertebral column are the 
area undergoing the most intense transformation during phylogeny, 
leading to many anatomical variations [3]. Many factors are involved 
in causing morphological variations of FT, including developmental 
factors, mechanical stress, size and number of anatomical structures 
passing through [4] .The deformity and variations of this foramen 
may affect the anatomical course of vascular and neural structures 
and consequently cause pathological conditions [5]. It may cause 
vertebrobasilar insufficiency as a result of neck movements. The 
developmental variants of cervical vertebrae, especially C1 and 
C2 may produce a series of disorders such as headache, vertigo, 
buzzing in ears, paresis or paralysis of extremities [6]. The anatomic 

variations of the FT may be associated with variations of the vertebral 
artery. This is of great importance to spine surgeons, as injury to 
vertebral artery may occur in both anterior and posterior approach 
of the cervical spine. Thorough investigation of such variations is 
necessary for proper preoperative planning. Knowledge of these 
variations is useful for radiologists for interpreting the Magnnetic 
Resonance Imaging (MRI) and Computerised Tomography (CT) and 
specially CT angiographies of the cervical spine with relevance to 
cervical surgery.

In literature, many studies have been done on variations in number 
of Foramen Transversarium [7-11] but very few depict morphometric 
details of FT. Hence, the need of the study arose, and this is 
one of the few studies in the state of Karnataka (India) to give 
detailed morphometric analysis of FT of all the cervical vertebrae. 
The findings are academically significant and will add to literature. 
Thus, the aim of the study was to examine the morphological and 
morphometric variations in the FT of the cervical vertebrae and 
highlight its clinical significance.

Materials and methods
This was a retrospectively designed osteological observational study. 
Ethical clearance was not applicable as it was an osteological study.
Sample size was determined by the availability of bony specimens. 
All the specimens available during the six months were included in 
the study. The duration of the study was six months from Dec 2019 
to May 2020.
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ABSTRACT
Introduction: The characteristic feature of the cervical vertebrae 
is the presence of Foramen Transversarium (FT) in the transverse 
process. This foramen usually contains vertebral artery (except 
in C7 vertebra), veins and sympathetic plexus. The deformity 
and variations of this foramen may result in derangement of 
neurovascular structures passing through it, which may lead to 
various symptoms. The aetiology of morphological variations 
is related to developmental factors, mechanical stress and 
variations in the course of vertebral artery. Some studies have 
been done on accessory FT, but few give detailed analysis of 
morphometric variations of FT in cervical vertebrae.

Aim: The aim of the study was to examine the morphological 
and morphometric variations in the FT of cervical vertebrae 
(typical and atypical).

Materials and Methods: This was a retrospectively designed 
osteological observational study. The duration of the study 
was six months, from Dec 2019 to May 2020. The study was 
conducted on 750 cervical vertebrae (265 typical and 485 
atypical). In each cervical vertebrae, the FT was observed for 
the following parameters; shape, size, maximum anteroposterior 

diameter, maximum transverse diameter, area and number. 
Digital vernier caliper was used for morphometric measurements. 
Photographs were taken and archived. Descriptive analysis and 
evaluation was done with SPSS statistics programme.

Results: In 300 (40%) vertebrae, shape of the FT was bilaterally 
symmetrical and in 450 (60%) vertebrae, it was asymmetrical 
on both sides. It was observed that maximum anteroposterior 
diameter and transverse diameter were seen in C1 vertebrae. 
There was no significant statistical difference between the mean 
diameters of the left and right side. Maximum area was also seen 
in C1 vertebrae, with values of 34.76 mm2 on left and 34.84 mm2 
on right. Out of the 750 cervical vertebrae, 113 (15%) showed 
an accessory FT in the transverse process. Amongst these, 
in 30 (4%) cervical vertebrae, the accessory FT were present 
bilaterally and in 83 (11%) seen on one side only.

Conclusion: The present study demonstrates that different 
cervical vertebrae (typical and atypical) show considerable 
morphological variations in terms of shape, size, area and 
number of FT. Awareness of such variations is of significance to 
anatomists, clinicians and surgeons.



Gyata Mehta and Varsha Mokhasi, Morphometric Study of Foramina Transversaria in Cervical Vertebra	 www.ijars.net

International Journal of Anatomy, Radiology and Surgery. 2021 Jan, Vol-10(1): AO01-AO0522

and area of FT between right and left side. The p value was found to 
be >0.05, which signifies that no effect was observed. This implies 
that there was no statistical difference in the parameters of the FT 
of the two sides.

Results

Morphology and Morphometry
(1) Shape of FT- Shape of the FT was found to be bilaterally 
symmetrical in 300 vertebrae (40%) and asymmetrical in 450 
vertebrae (60%). In vertebrae with bilaterally symmetrical shape 
of FT, Type III (47%) had the highest frequency. In vertebrae 
with asymmetrical shape of FT on both sides, Type V had the 
highest frequency (64.6%) on the left side, and Type IV (64%) 
on the right side. Further details of variants of shape of FT of 
all the cervical vertebrae as classified into five types is seen in 
[Table/Fig-2,3].

Cervical vertebrae were collected from the Department of Anatomy, 
Department of Forensic Medicine and Department of Orthopedics 
of Vydehi Institute of Medical Sciences and Research Centre, 
Bangalore. Total of 750 cervical vertebrae were collected, of which 
265 were typical and 485 were atypical cervical vertebrae. The 
age and sex of the vertebrae were unknown and vertebrae with 
deformities and damaged foramen transversarium were excluded 
from the study.

In each cervical vertebra, the FT was observed for the following 
parameters: shape, size, maximum anteroposterior diameter, 
maximum transverse diameter, area and number. According 
to the shape and direction of the main diameter, the FT was 
classified into five types, using the criteria by Taitz C et al., [12] 
as seen in [Table/Fig-1].

[Table/Fig-1]:	 Classification of types of Foramen Transversarium. 1-Type I (round), 
2- Type II (oval), 3-Type III (elliptical); 4-Type IV (oblique with main axis right to left), 
5-Type V (oblique with main axis left to right).

Type of 
shape FT

Right side Left side

C1 120 C2 135 C7 76
Typical 
CV-119

Total no- 
450/750

Percentage 
60 C1 120 C2 135 C7 76

Typical  
CV-119 Total no-450/750

Percentage 
60

I 4 16 4 13 37 8.2 6 16 - 12 34 7.5

II 4 12 - 2 18 4.2 4 4 4 3 15 3.6

III 2 8 8 13 31 6.8 - 15 - 10 25 5.5

IV 110 96 12 70 288 64 - 4 57 24 85 18.8

V - 3 52 21 76 16.8 110 96 15 70 291 64.6

[Table/Fig-3]:	 Variations in shape of bilaterally asymmetrical foramen transversarium in cervical vertebrae.
CV: Cervical vertebrae

Cervical vertebra

Right side  Left side

Range-mm Mean-mm SD V Range-mm Mean-mm SD V p-value

C1 5.17-10.29 7.23 0. 816 0.816 4.85-9.68 7.30 0.925 0.856 >0.05

C2 3.62-8.75 5.76 0.872 0.761 3.29-8.67 5.64 0.816 0.666 >0.05

C7 2.30-8.16 5.62 1.17 1.38 2.30-9.03 5.49 1.50 2.25 >0.05

Typical 3.06-8.79 5.41 0.853 0.727 2.69-8.37 5.59 1.00 1.08 >0.05

[Table/Fig-4]:	 Independent sample t test was performed to compare the mean values of anteroposterior diameters of FT of Right and Left sides.
FT: Foramen transversarium; SD: Standard deviation; V: Coefficient of variation

Cervical vertebra

Right side Left side

p-valueRange-mm Mean-mm SD V Range-mm Mean-mm SD V

C1 4.30-8.37 5.90 0.752 0.574 4.65-9.01 5.96 0.755 0.570 >0.05

C2 3.75-8.01 5.24 0.803 0.645 3.43-8.15 5.35 0.870 0.758 >0.05

C7 2.30-8.16 5.62 1.17 1.38 2.62-9.14 5.90 1.43 2.04 >0.05

Typical 3.06-8.71 5.41 0.853 0.727 2.72-8.88 5.80 0.993 0.917 >0.05

[Table/Fig-5]:	 Independent sample t test was performed to compare the mean values of Transverse diameters of FT of Right and Left sides.
FT: Foramen transversarium; SD: Standard deviation; V: Coefficient of variation

Type I- Round

Type II- Elliptical with main diameter anteroposterior

Type III- Elliptical with main diameter transverse

Type IV- Elliptical with main diameter oblique from right to left

Type V- Elliptical with main diameter oblique from left to right

Digital vernier calipers of 0.01 mm precision were used for 
morphometric measurements. Photographs were taken and archived.

Statistical analysis
The data was compiled in Microsoft excel software. Descriptive 
analysis and evaluation was done with SPSS statistics programme 
(version 19). Independent sample t test was performed to compare 
the mean values of anteroposterior diameter, transverse diameter 

(2) Anteroposterior diameter- It was observed that maximum 
anteroposterior diameter was seen in C1 vertebrae with a mean 
value of 7.30 mm on left and 7.23 mm on right. Refer to [Table/Fig-4] 
for details.

(3) Transverse diameter- The widest range of transverse diameter 
was seen in C1 vertebrae with a mean value of 5.96 mm on left and 
5.90 on right. Refer to [Table/Fig-5] for details.

Type of 
shape FT

C1 
n=40

C2 
n=70

C7 
n=44

Typical CV 
n=146

Total no. 
n=300/750

Percentage 
40%

I 4 48 7 48 107 36

II 36 9 4 4 53 17

III - 13 33 94 140 47

IV - - - - -

V - - - - -

[Table/Fig-2]:	 Variations in shape of bilaterally symmetrical foramen transversarium 
in cervical vertebrae.
CV: Cervical vertebrae
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7.23 mm on the right side. The maximum transverse diameter was 
also found in C1 vertebrae with a mean value of 5.96 mm on left 
and 5.90 mm on the right side. There was no significant statistical 
difference between the mean diameters of the two sides. These 
findings are in consistence with the study of Taitz C et al., [12], which 
showed that for length of FT, C1 had the highest value of 7.23 mm 
on left and 7.26 mm on the right side. The maximum breadth was 
also found in C1 vertebrae with mean value of 5.76 mm on left and 
5.52 mm on the right side. He observed that left FT was generally 
larger than the right.

Another study had similar findings with maximum length seen in C1 
vertebrae with a mean value of 7.42 mm on left and 7.44 mm on 
right and also maximum breadth seen in C1 vertebrae with a mean 
value of 6.03 mm on left and 5.95 mm on the right side [17]. Another 
morphometric study of FT showed that anteroposterior diameter of 
left side had a mean value of 5.26 mm and right side 5.21 mm. 
Same study showed the transverse diameter had a mean value of 
5.84 mm on left and 5.78 mm on the right side [13]. A study on 
typical cervical vertebrae observed that FT showed a wide difference 
in diameter in individual vertebrae. The anteroposterior diameter had 
a mean value of 5.13 mm on left and 5.17 mm on the right side and 
the transverse diameter had a mean value of 5.87 mm on left and 
5.69 mm on the right side [18].

It was analysed that mean diameter of FT of left and right side 
showed wide range of variations in individual cervical vertebrae 
from C1 to C7, but when compared between the two sides, these 
changes were found to be statistically insignificant. Jaffar AA et al., 
[4] studied the area of FT at different levels of cervical vertebrae 
and analysed that maximum area of FT was seen in C1 vertebrae 
with mean values of 31.8 mm2 on the left and 32.9 mm2 on the right 
side. The distortion of the vertebral artery and its largest caliber 
at the level of first cervical vertebrae could be considered as a 
mechanical factor for the maximum area of FT in C1 vertebrae. 
The findings of the present study were in consistence with the 

Cervical vertebra

Right side Left side

p-valueArea (mm)2 SD Area (mm)2 SD

C1 34.84 6.66 34.76 7.76 >0.05

C2 24.06 6.66 23.96 6.02 >0.05

C7 27.37 8.82 26.13 10.41 >0.05

Typical 26.57 6.53 27.97 8.10 >0.05

[Table/Fig-6]:	 Independent sample t test was performed to compare the mean 
values of Area of FT of Right and Left sides.
FT: Foramen transversarium; SD: Standard deviation

Cervical vertebra 
with Accessory FT

Accessory FT 
present bilaterally

Accessory FT present unilaterally

Right side Left side Total

C1-3 - - 3 3

C2-2 - 2 - 2

C7-35 6 11 18 29

Typical-73 24 27 22 49

Total-113 (15%) 30 (4%) 40 43 83 (11%)

[Table/Fig-7]:	 Frequency of accessory foramen transversarium in cervical vertebrae.

[Table/Fig-8]:	 Presence of Accessory Foramen Transversarium in Cervical 
vertebrae. 1-Accessory FT present bilaterally, 2- Accessory FT present on left, 
3- Accessory FT present on right.

Author
Type of 

shape FT
Percentage on 

right side
Percentage 
on left side

Percentage 
Total

Vasuki M. 
AK et al., 
[14]

1 22 21.6 43.6

2 0.8 1.6 2.4

3 12 10.8 22.8

4 6.4 8.4 14.8

5 8.0 7.2 15.2

Abdul RS 
et al., [15]

A 26.19 29.37 55.56

B 3.97 1.59 5.56

C 9.52 12.70 22.22

D 15.87 8.73 4.6

E 8.73 14.29 23.02

Others 34.91 31.75 66.6

Ambali MP, 
Jadhav SD 
[16]

1 20.24 22.69 42.93

2 8.5 9.2 17.7

3 6.13 5.52 11.65

4 21.47 23.31 44.78

5 19.63 19.01 38.64

Others 23.90 20.23 44.13

Present 
study

I 8.2 7.5 15.7

II 4 3.3 7.3

III 6.8 5.5 12.3

IV 64 18.8 82.8

V 16.8 64.6 78.4

[Table/Fig-9]:	 Comparison of studies of variations in shapes of FT in cervical vertebrae.
FT: Foramen transversarium

(4) Area- Maximum area was seen in C1 vertebrae, with values of 
34.76 mm2 on left and 34.84 mm2 on right. Refer to [Table/Fig-6] 
for details.

(5) Number of FT: Accessory FT was seen in 113 (15%) vertebrae 
and it varied with the level of cervical vertebrae. Maximum number 
of accessory FT was seen in typical cervical vertebrae 73 (64.6%). 
Refer to [Table/Fig-7,8] for details.

Discussion
The cause of morphological variations in FT in the transverse process 
of cervical vertebrae is not well known. It may be developmental or 
related to the variations in the course of vertebral artery. In nearly 
90% of cases, vertebral artery enters into the FT of C6 vertebrae, 
but it may also enter the cervical vertebral column through C1 
(15%), C4 (2%), C5 (5%) or C7 (2%) [13].The vertebral vessels are 
considered as a factor in the formation of the FT, hence, variations 
in the presence and course of the vessels will be manifested in 
changes of FT. Conversely, variations of the FT can be useful for 
estimating changes or variations of the vessels and accompanying 
nerve structures [12]. In C7 vertebrae, large size FT may be due to 
big veins or simple connective tissue.

Taitz C et al., [12] studied the different types of FT in each side 
of the vertebrae and showed that C1 and C7 vertebrae had 
the highest frequency of Type 4 and 5 on the right and left FT 
respectively. In C2, the lateral aperture was predominantly Type 
I and inferior aperture was predominantly Type 4 and 5. The 
typical cervical vertebrae showed high frequency of Type I and 
Type III. The present morphological study revealed variations in 
shape of the FT, which were classified into five types. In 300 
vertebrae (40%), the shape of FT was bilaterally symmetrical and 
in 450 vertebrae (60%) the FT was asymmetrical on both sides. 
A comparison of studies [14-16] of variations in the shapes of FT 
is depicted in [Table/Fig-9].

In the present study, the maximum anteroposterior diameter of FT 
was found in C1 vertebrae with a mean value of 7.3 mm on left and 
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previous studies showing maximum area of FT in the C1 vertebrae, 
amongst all specimens of cervical vertebrae. This exhibits that 
the FT on both sides enclose comparable neurovascular and 
connective tissue masses.

Accessory FT is considered when the FT is anatomically divided 
by a fibrous or bony ridge and the smaller posterior part is called 
the accessory FT [19]. Ambiguity persists about the content of this 
accessory FT, whether it is occupied by the vertebral vein, vertebral 
nerves or by a duplicate vertebral artery or both. The relations of 
these structures are of surgical importance in the posterior approach 
of the cervical spine. The embryogenesis of the vertebral arteries 
occurs between day 32 and 40 of gestation. The paired vertebral 
arteries arise from longitudinal branches that link together to form 
a longitudinal vessel and secondarily lose their intersegmental 
connections to the aorta [20]. It has been speculated that persistence 
of a portion of the primitive dorsal aorta with two intersegmental 
arteries may give rise to vertebral artery duplication. Failure on the 
regression of the intersegmental arteries can also result in vertebral 
artery fenestration [21]. This fenestration may contribute to the 
development of double FT.

Studies on accessory FT have been undertaken earlier. The 
occurrence rate ranged from 1.5% [22] to 26.25% [23]. The findings 
of the present study were consistent with the previous studies. Triple 
FT was seen by Taitz C et al., [12] in 0.2% vertebrae unilaterally 
and absent FT was reported by Nayak S [24] in C1 vertebra. A 
comparison of studies of Accessory FT is shown in [Table/Fig-10].

Conclusion(S)
The present morphological study of FT highlights many different 
parameters and morphometric variations in 750 cervical vertebrae 
(typical and atypical). Shape, size, area and number in FT were 
examined and analysed. Knowledge of variations of FT is clinically 
significant, as it may affect the course of vascular bundle and 
nerves causing symptoms to patients. Any variation found during 
radiological investigations of FT, should be co-related with vertebral 
artery variation or vice versa, as both generally co-exist.

This study strongly helps in increasing the awareness of variations 
in FT, which will help the surgeons for better preoperative planning 
thereby reducing intraoperative complications. It will also be beneficial 
in the interpretation of CT and MRI for diagnostic purposes. Thus, 
the impact of the study will be of value to anatomists for academic 
purpose and to radiologists, neurophysicians and neurosurgeons 
who deal with intervention in FT for various clinical conditions and 
investigations.
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The study depicted various morphometric details of FT in cervical 
vertebrae. These variations are important findings as they may 
be associated with variations of the vertebral artery, which may 
be asymptomatic or have various clinical manifestations. Vertigo, 
cervical myelopathy, and ischemic events caused by occlusion 
and dissection of the vertebral artery have been attributed to 
variations of its course [25]. An unexpected course of these vessels 
may lead to injury and cerebral vascular disturbance. Knowledge 
of these variations is important in spinal procedures, especially 
during posterior instrumentation of the upper cervical spine or 
anterior corpectomy. There is a higher risk in posterior procedures, 
such as lateral mass and pedicle screw fixation, laminoplasty and 
foraminotomy [26]. A complete preoperative assessment could be 
used as a prevention technique.

Limitation(s)
Age, sex and race of the bony specimens were not known. This 
limits the applications of this study. Future studies may focus on 
vertebrae from same vertebral column to examine the individual 
typical and atypical cervical vertebrae precisely for variations in FT, 
with comparison between males and females.

Study Total No. of CV CV with Accessory FT Percentage

Kaya S et al., [5] 22 5 22.7 %

Chaudhari ML et al., [7] 133 22 23.15%

Gonsai V et al., [8] 200 40 20%

Akhtar MJ et al., [9] 174 25 14.36%

Sumalatha T et al., [10] 148 17 11.48%

Aghera BR et al., [11] 175 24 13.7%

Sharma A et al., [19] 200 16 8%

Das S et al., [22] 132 2 1.5%

Singh AP et al., [23] 240 63 26.25%

Present study 750 113 15%

[Table/Fig-10]:	Comparison of studies on incidence of Accessory FT in cervical 
vertebrae.
CV: Cervical vertebrae; FT: Foramen transversarium
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