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INTRODUCTION 

The foramen transversarium (FT) is a typical feature of 

cervical vertebrae. Both typical and atypical cervical 

vertebrae have FT. The presence of FT differentiates 

cervical vertebrae from other vertebrae. The FT of 6
th

 to 

1
st
 cervical vertebrae transmits the 2

nd
 part of the 

vertebral artery, vertebral veins, and sympathetic nerves 

from inferior cervical ganglion.
1 

Presence of another 

foramen apart from FT in the transverse process of 

cervical vertebrae is called accessory FT which is smaller 

in size than the primary foramen. Generally, it is found in 

the sixth cervical vertebra and less frequently in other 

typical cervical and 7
th

 cervical vertebrae.
2
 This accessory 

FT lies posterior to the normal FT. Any variation in the 

FT may affect the course of vertebral artery and may 

cause serious complications like vertebrobasilar 

insufficiency.
3
 Under such circumstances, the course of 
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the vertebral artery may be distorted. The variations in 

number and size of FT may be one of the causes for 

complaints like headache, migraine and fainting attacks. 

These symptoms may be due to the compression of 

vertebral artery.
4
 Understanding the surgical anatomy of 

cervical spine is essential while performing complex 

surgical procedures on cervical spine.
5
  

This importance of awareness of frequency of occurrence 

of accessory FT leads us to conduct the present study. 

Therefore, 134 typical cervical vertebrae were studied to 

see the presence of accessory FT.  

The knowledge of presence of accessory FT and its 

variations is important not only to the clinicians while 

diagnosing a patient presenting with history of frequent 

headaches, migraine or fainting attacks but also to the 

radiologists in interpreting X- ray and CT scans.
6
 The 

variations and clinical importance of accessory FT has 

been discussed in this paper.  

METHODS 

The present study was conducted in the department of 

anatomy, UCMS and GTB Hospital, Delhi, India. A total 

number of 241 dried cervical vertebrae of unknown age 

and sex were collected from the bone bank of the 

Department of Anatomy. Amongst them, 107 were 

atypical i.e. C1, C2 and C7 and 134 were typical cervical 

vertebrae i.e. C3 - C6. Grossly, all the cervical vertebrae 

were examined thoroughly. Presence of any variation 

from the normal anatomy of the cervical vertebrae were 

noted and photographed. 

RESULTS 

Out of the 241 cervical vertebrae which included typical 

and atypical cervical vertebrae, presence of accessory FT 

was noted in typical cervical vertebrae only. Therefore 

only 134 typical cervical vertebrae were considered. Out 

of this 97 typical cervical vertebrae showed normal FT 

(Figure 1).  

 

Figure 1: Superior aspect of normal typical cervical 

vertebra showing arrows pointing at foramen 

transversarium (FT). 

Accessory FT was seen in 37 (27.6%) typical cervical 

vertebrae (Figure 2-9) (Table 1). Among this bilateral 

complete accessory FT was observed in 4 (2.9%) typical 

cervical vertebrae (Figure 2). 

Table 1: Presence of different varieties of accessory 

FT in a typical cervical vertebra in the present study. 

Type of 

accessory FT 

Typical cervical 

vertebrae with 

presence accessory 

FT (n=134) 

  

Accessory 

FT % 

 Bilateral 

complete 

 4  2.9 

 Unilateral 

complete 

9 Left : Right, 6 : 3 

  

 6.7 

 Bilateral 

incomplete 

 6  4.5 

 Unilateral 

incomplete 

12 Left : Right, 9 : 3 

  

 8.9 

 Both unilateral 

complete & 

unilateral 

incomplete 

 6  4.5 

 

Figure 2: Superior aspect of typical cervical vertebra 

showing arrows pointing at complete accessory FT 

present bilaterally. 

 

Figure 3: A typical cervical vertebra from the 

superior aspect. Arrow pointing at left sided 

unilateral complete accessory FT. 

Out of the total typical cervical vertebrae (134) examined, 

9 (6.7%) of them showed presence of unilateral complete 

accessory FT. Six (4.5%) were present on the left side 
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and 3 (2.2%) on the right side (Figure 3 and 4). Bilateral 

incomplete accessory FT was seen in 6 (4.5%) of the total 

number of typical cervical vertebrae (Figure 5). 

 

Figure 4: A typical cervical vertebra from the 

superior aspect. Arrow pointing at unilateral 

complete accessory FT on the right side. 

Unilateral incomplete accessory FT was observed only in 

12 (8.9%) typical cervical vertebrae. Out of this, 9 (6.7%) 

typical cervical vertebrae had unilateral incomplete 

accessory FT on the left side (Figure 6) and 3 (2.2%) on 

the right side (Figure 7). 

 

Figure 5: Superior aspect of a typical cervical 

vertebra. Arrows pointing at incomplete accessory FT 

present bilaterally. 

 

Figure 6: Arrow pointing at left sided incomplete 

accessory FT in a typical cervical vertebra as seen 

from the superior aspect. 

 

Figure 7: Arrow pointing at right sided incomplete 

accessory FT in a typical cervical vertebra as seen 

from the superior aspect. 

In the same typical cervical vertebra, 6 (4.5%) vertebrae 

showed presence of complete accessory FT on one side 

and incomplete accessory FT on the other side. Two 

(1.5%) vertebrae had complete accessory FT on left side 

and an incomplete on right side (Figure 8) and 4 (2.9%) 

vertebrae had incomplete accessory FT on left side while 

complete on right side (Figure 9). 

 

Figure 8: Superior aspect of typical cervical vertebra 

showing presence of complete accessory FT on the left 

side and incomplete accessory FT on the right side. 

 

Figure 9: Superior aspect of typical cervical vertebra 

showing presence of incomplete accessory FT on the 

left side and complete accessory FT on the right side. 
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DISCUSSION 

Among all the various population groups studied type II 

Presence of FT in cervical vertebra is a result of the 

special formation of the cervical transverse processes. It 

is formed by the costal element fused to the body and the 

true transverse process of the vertebra. Anatomically, the 

transverse foramen is described to be divided by a fibrous 

or bony ridge separating the artery and the vein.
7
 Double 

transverse foramina could mean duplication of vertebral 

artery.
8
  

Embryologically, the vertebral artery is developed from 

the fusion of the longitudinal anastomosis that link the 

cervical inter segmental arteries which branch off from 

the dorsal division of somatic inter segmental artery in 

region of neck. These inter segmental arteries eventually 

regress except for the seventh artery which forms the 

proximal portion of the subclavian artery and the 

beginning of vertebral arteries.
9 

Sim et al described that 

sometimes there occurs failure of the controlled 

regression of this portion of the primitive dorsal aorta 

along with the two inter segmental arteries which leads to 

the double origin and duplication of the vertebral 

arteries.
10

 The bilateral occurrence of these failures is the 

reason behind the bilateral duplication of the vertebral 

arteries. The vertebral vessels are responsible for the 

formation of the transverse foramen. It can be assumed 

that variations in the course of vertebral vessels will 

cause variations in the transverse foramen.
11

 

Many authors have reported anatomical variations in FT 

of cervical vertebrae previously (Table 2). Taitz et al 

studied 480 dried cervical vertebrae and found accessory 

FT in 34 (7%) cervical vertebrae.
11

 In 2005, Das S et al 

examined 132 dried cervical vertebrae and reported 

accessory FT to be present only in 2 (1.5%) of them.
6
 

Accessory FT was observed in only 16 (8%) cervical 

vertebrae out of 200 cervical vertebrae studied by Sharma 

et al. They reported that the accessory FT was more 

commonly found in C6 vertebrae according to their 

study.
12

 

Table 2: Comparison of presence of accessory FT in 

typical and atypical cervical vertebrae (Between 

previous studies and the current study). 

Study conducted 

by various authors 

Total 

number of 

cervical 

vertebrae 

Presence of 

accessory FT 

in cervical 

vertebrae 

Taitz et al
11

 480 34 

Das et al
6
 132 2 

Sharma et al
12

 200 16 

Murlimanju et al
13

 363 6 

Chaudhari et al
14

 133 22 

Patil NP et al
15

 175 10 

Akhtar et al
16

 174 25 

Present study 241 37 

Murlimanju et al studied 363 cervical vertebrae and 

found accessory FT amongst 6 (1.6%) vertebrae only. Of 

these cervical vertebrae, 5 (1.4%) had unilateral 

accessory FT and 1 (0.3%) had bilateral.
13

 Chaudhari et al 

studied 133 cervical vertebrae and noticed accessory FT 

in 22 (16.5%) vertebrae of them. Unilateral accessory FT 

was present in 14 (14.73%) and bilateral accessory FT 

was present in 8 (8.42%) of these cervical vertebrae.
14

 

Patil NP et al observed 175 cervical vertebrae and found 

accessory FT only in 10 (5.71%) vertebrae. Of these 6 

(3.42%) were unilateral and 4 (2.28%) were bilateral. 

According to them unilateral accessory FT was more 

common than bilateral. Also, that accessory FT was more 

common in lower cervical vertebrae i.e. from C4-C7.
15

  

Akhtar et al conducted study on 174 cervical vertebrae 

and found 25 (14.4%) cervical vertebrae had accessory 

FT. amongst these, accessory FT was present unilaterally 

in 20 (11.5%) and bilaterally in 5 (2.9%) cervical 

vertebrae.
16

 In the recent study, 134 typical cervical 

vertebrae were examined and accessory FT was found 

only in 37 (27.6%) vertebrae. In the present study, 

unilateral accessory FT was seen more commonly which 

is consistent with the study of previous authors. 

Accessory FT was seen only in typical cervical vertebrae 

in the current study. This is not in accordance to the 

previous studies which reported accessory FT to be 

present both in typical and atypical cervical vertebrae. 

Accessory FT was found more often in the present study 

as compared to that seen in studies conducted by various 

authors (Figure 10). 

 

Figure 10: Bar diagram depicting comparison 

between incidence of accessory FT as seen by various 

authors and the present study. 

Mishra et al studied 220 typical cervical vertebrae and 

found 31(14.09%) vertebrae had accessory FT. Out of 

these, 18 (8.1%) were bilateral complete, 6 (2.7%) were 

unilateral complete, 3 (1.3%) were bilateral incomplete 

and 4 (1.8%) were unilateral incomplete accessory FT.
17

 

Accessory FT in the typical cervical vertebrae were seen 

only in 37 (27.6%) vertebrae in the present study. Out of 

these, 4 (2.9%) were bilateral complete, 9 (6.7%) were 

unilateral complete, 6 (4.5%) were bilateral incomplete 

and 12 (8.9%) were unilateral incomplete. The incidence 
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of presence of accessory FT in typical cervical vertebrae 

were similar to that reported by Mishra et al, however, 

according to them accessory FT was more frequent 

bilaterally. On the contrary, accessory FT was more 

frequently seen unilaterally in the present study. Both 

complete and incomplete accessory FT in the same 

typical cervical vertebrae was found only in 6 (4.5%) 

vertebrae in the current study. This finding has not been 

seen in the study conducted by Mishra et al (Table 3) 

(Figure 11). 

 

Table 3: Incidence of accessory FT present in typical cervical vertebrae – Mishra et al study vs Present study. 

Authors Bilateral 

complete 

accessory FT 

Unilateral 

complete 

accessory FT 

Bilateral 

incomplete 

accessory FT 

Unilateral 

incomplete 

accessory FT 

Both complete 

& incomplete 

accessory FT 

%  of accessory FT 

in typical cervical 

vertebrae 

Mishra et 

al
17

 

 

18 

 

6 

 

3 

 

4 

 

Not seen 

 

14.09 

Present 

study 

 

4 

 

9 

 

6 

 

12 

 

6 

 

27.6 

 

Double FT may be correlated by the presence of 

duplicate vertebral arteries.
8-11,13,18,19

 Absence of FT could 

mean absence of the vertebral artery.
11

 A duplicate 

vertebral artery may potentially serve to protect patients 

against ischemic attacks to the brain and provide 

collateral blood flow to the basilar artery. Fenestrated 

double vertebral arteries may carry more risk of thrombus 

formation and embolization leading to severe transient 

ischemic attacks.
18

 Fenestrated vertebral arteries have 

been demonstrated histologically to be weak with 

irregular elastic fibers in the vessel wall.
9,19

 Compression 

of vertebral artery will not only lead to neurological 

symptoms but also to hearing disturbances.
19

 

 

Figure 11: Bar diagram depicting comparison 

between the study of Mishra et al and present study 

for the presence of various kinds of accessory FT in 

typical cervical vertebrae. 

Maintaining the vertebral artery intact constitutes an 

important concern to neuro surgeons while performing 

surgeries on the cervical spine since minor accidental 

damage to vertebral artery can lead to grave 

consequences and even death.
11

 Hence, the knowledge of 

all kind of variations in the anatomy and morphology of 

accessory FT in typical cervical vertebrae will be helpful 

to both radiologists and neurosurgeons in preventing 

vascular catastrophy due to accidental damage of 

vertebral artery. 

CONCLUSION 

Only typical cervical vertebrae showed the presence of 

27.6% of accessory FT in the present study. Accessory 

FT was present more often unilaterally on the left side of 

the vertebra. Embryologically, presence of accessory FT 

could be due to developmental variations in the vertebral 

artery. Knowledge of variations of the presence of 

accessory FT in the typical cervical vertebrae is not only 

important to anatomist but also to radiologist in 

identifying the presence of duplicate vertebral artery and 

hence helping the neuro surgeons in preventing 

accidental bleeding from the vertebral artery while 

performing surgery on the cervical spine. 
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