
 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract:  

Foramina transversaria are located on the transverse process of cervical vertebrae. These foramina are known to exhibit 

variations with regard to size, shape and may even absent, incomplete or duplicated. The aim of this study is to investigate 

the shape, size and variations of foramina transeversaria of the human atlas vertebrae and to point out the importance of 

these variations. 153 atlas vertebrae of south Indian origin were studied for the presence of various shapes and size. 5 

shapes are noted. Type 4 was predominant on right side, type 2 and 5 are predominant on the left side. Double foramina 

found in 10, incomplete foramina in 6 and accessory incomplete foramina are seen in 10. Variations between the area of 

right and left side of transverse foramina not much significant, but data provided in this study can be helpful in 

interpretation of radiographic pictures or in computerized axial tomography and angiograms. The recognition of these 

variations provides accurate and safety for the posterior surgical approaches of the cervical spine. 
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Introduction

 The atlas is a ring of bone and consists of a pair 

of lateral masses connected by a short anterior arch and a 

long posterior arch. The transverse processes projects 

laterally from the lateral masses and longer than that of 

other cervical vertebrae except the seventh [1].
 
 Foramen 

transeversaria are located on the transverse process and 

the cardinal features of cervical vertebrae [2]. 

  The foramen transversarium formed by vestigial 

costal element fused to the body and the originally true 

transverse process of the vertebra. The vertebral vessels 

and nerve plexus are caught between the bony parts. The 
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foramen transversaria transmits vertebral vessels and 

sympathetic plexus. Derangement of these structures in 

their course is the because of narrowing or deformations 

of the foramina or osteophytes impinging on them have 

been extensively investigated [3]. Observations have 

been made on the variability of size, form, distribution 

and absence of one or more of the foramina transversaria 

of the spinal column [4]. As one of the three bony 

components of the cranio-vertebral junctions the atlas 

constitutes a clinically significant entity mainly because 

of importance of its grooves and foramina in the region 

of posterior and lateral margin [5]. Few studies have 

focused specially on the functional morphology of the 

atlas. Transverse foramen of atlas has been studied in 

terms of shape, morphometry and presence or absence in 

Kenyans [6].  But the cause of variations of the size, 

shape of the foramina is not well known. It is postulated 

to be developmental fusion of costal process to the 

transverse process of the vertebrae and other anatomical 

and functional conditions may also play a role. They are 

tensions and stress imposed on the vessels running 

through foramina by relatively free movements of the 

cervical spine. Tortousity of vertebral artery may cause 

bone destruction. Variations of the foramina can be 

useful for estimating changes or variations of vessels. 

Direct correlation between the size of the foramen and 

artery should be questioned in certain cases. Many big 

foramina may be due to presence of big veins or simple 

connective tissue [3]. Morphometry and anomalous 

variations are important to the neurosurgeons in 

determining the etiology, side predilection and vascular 

variations in the atlanto-occipital region [6].  There is 

correlation between the atlas morphology with head and 

neck posture [7]. Thus, the presence of other bony 

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 [2].  

 

Materials and Methods 

 Dried macerated 153 atlas vertebrae (304 sides 

were considered because in 1 vertebra foramen was too 

small to measure)  mainly of south Indian origin were 

examined for the presence or absence of foramina, 

double foramina and incomplete foramina and their side 

was also noted. The shapes of the foramina were 

classified into five categories using the criteria by Taitz 

et al. (1978).  According to the shape and direction of 

the main diameter, the transverse foramina were 

classified into five types; (they were studied as seen 

from above in an A-P direction anterior arch facing the 

examiner) type 1 round, type 2 elliptical with main 

diameter (length) anteroposterior, type 3 elliptical with 

main diameter transverse (breadth) type 4 elliptical with 

main diameter oblique, from right to left, type 5 

elliptical with main diameter oblique from left to right. 

Mediolateral and anteroposterior diameter were taken as 

shown below. All diameters were taken on inner aspect 

of the foramen. The cross-sectional area of the transverse 

foramina were calculated using the formula for an 

ellipse; Area=pi (D1/2xD2/2) 

WhereD1=horizontal length of foramen 

D2=vertical length of the foramen. 

Pi=3.14.  

Data was analyzed using ssps soft ware version 12.5. 

Results were tabulated   in table 2 

  

Results 
All the vertebrae showed foramina transversaria. 

Double foramina: We observed 10 double foramina 

(6.54%). 3 on the left and 4 on the right and 3 on both 

sides.  Accessary foramina were present on the posterior 

root of the transeverse process. 

Incomplete foramina:  6 incomplete foramina 

transversaria were observed, 3 on right 2 on left 1 

bilateral. Foramen transverserium was incomplete 

because of gap between the posterior tubercle and 

anterior root. 10 were incomplete accessory foramina 

were found other than complete double foramina, 5 on 

the left 3 on right 2 bilateral. 

 

Shape of the foramina transversaria 

 

Table 1: Showing the different categories of shape of 

transverse foramina and their incidence. 

 

Shape and direction 

of axes 

Right side Left side 

Type 1                            11 (7.26%) 11 (7.26%) 

Type 2                                                         56 (36.96%) 65 (42.90%) 

Type 3 3 (1.98%) 4 (2.64%) 

Type 4  77 (50.82%) 4 (2.64%) 

Type 5 4 (2.64%)  69 (45.54%) 
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Table 2: Showing mean area and diameters of either side  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Showing prevalence of double transverse 

foramina in different study populations 

 

 

Author Year Prevalence 

of double 

foramina 

Study 

sample 

population 

Taitz et al 1978 7% 480 Indian 

Nagar et 

al. 

1999 8.6% 1388 Roman-

Bynzatine 

Jews 

Das et al 

[10]. 

2005 1.5% 132 Indian 

Kaya et al 

[11].
 
 

2011 22.7% 262 Jewish 

Karau 

PB,Oduia 

P. 

2012 3.9% 102 Kenyans 

Present 

study 

2013 6.54%   153 Indian 

      

    

  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

Discussion 

 The current study found double foramina (fig 4) 

in 10 vertebrae (6.54%). Several authors have reported 

double or triple foramina in cervical vertebrae without 

specific reference to the atlas. (Table 3) These variations 

are possibly linked with duplication of the vertebral 

artery. However, occurrence of multiple transverse 

foramina may not necessarily indicate vertebral artery 

variations, as one may be occupied by veins and nerves. 

A case of triple foramina (fig 5) was 
  
found in our study 

on the right side affecting the posterior root may be due 

to the excavations. The cause for this variation in 

cervical vertebrae without specification to atlas was 

attributed to fusion of two costal elements with the 

transverse process [3].
 
These may also be attributable to 

possible genetic differences and also carrying heavy 

loads on the head, which has been associated with 

various bony bridges on the atlas vertebrae [3,5,8].
 

Incomplete accessory transverse foramina were also 

found affecting mainly the posterior root possibly due to 

erosion of bones as the age advances though this was 

difficult to assess because of lack of information about 

age in most of these studies. 

          The incomplete transverse foramina (fig 3) were 

observed in 6(3.92%).  It is higher than the earlier 

studies on cervical vertebrae (0.625%) [2]. However, it 

is documented that tortousity of vertebral artery may 

cause bone erosion or impede the complete formation of 

the transverse foramen.  The occurrence of incomplete 

transverse foramina in atlas should be noted by 

radiologist, as these can be confused with other 

anomalies [6].   

         In our study, we categorized the shape of the 

transverse foramina according to criteria by Taitz et al. 

 

N Minimum Maximum Mean Std. Deviation 

right anteroposterior 

diameter 
152 5.0 11.9 7.920 1.0038 

right transverse 

diameter 
152 4.1 9.1 6.328 0.9972 

left anteroposterior 

diameter 
152 4.6 10.0 7.788 0.9895 

left transverse 

diameter 
152 4.6 9.1 6.325 1.0505 

right area 152 19.63 76.60 39.7656 9.96708 

left area 152 16.61 65.01 39.1138 9.93119 
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We found that majority of the foramina on the right side 

had type 4 shape, while the left side had types 2 and 5.  

This is in correlation with the work done by Taitz et al 

and Karau PB [3,6].
  

 One more interesting observation was that in one 

of the vertebra transverse foramen was too small (fig 1) 

to measure with our calipers and it was associated with 

still smaller supratransverse foramen (fig 2) [8]. Thus 

the absence of the foramen and smaller foramen were 

explained by absence of vertebral artery or a variation 

where the artery runs along the transverse process 

without entering the foramen [6]. A narrowing of the 

foramen could imply narrowness of the vessels and so 

on. Bony exostosis is also a factor for causing bridges 

and narrowing the foramina [8].
 
This may be attributed 

to osteophytes that narrow the diameter [9].
 
 The external 

mechanical factors such as the custom of carrying heavy 

objects on the head could play a role in the development 

of anomalies of the atlas [5,8]. The shapes of the 

foramina have a correlation with the vertebral artery. 

Tortousity and size of the vertebral artery is in turn 

dependent on loading forces and stresses in the neck 

region.   

  No significant change was observed in the 

dimensions of the foramina transversaria in either planes 

or on either side in our study (right area 39.76 left areas 

39.11). Previous studies reported larger area on the right 

side because of greater diameter of the vertebral artery 

on that side. Vertebral vein, nerve plexus and some time 

connective tissue are also  be the contents of the foramen 

thus in our study  difference between right and left 

dimensions are not stastically significant. Study 

conducted by Hassan et al has not revealed significant 

differences in dimensions of transverse foramina of atlas 

vertebrae except in vertebrae with posterolateral tunnel 

[5], but this variation was not considered in our study.  

 

Conclusion 
 The study has revealed existence of many 

variations in transverse foramina of atlas among south 

Indians. No significant change was observed in the 

dimensions of the foramina transversaria in either planes 

or on either side in our study.   Further data provided in 

present study is helpful in interpretation of 

radiolographic features of atlanto-occipital region, as 

well as surgical access. But it needs further 

investigations on the subject, based on dissection of 

specimens, angiograms and correlation of the findings 

with clinical symptoms was also necessary.  
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Figure 1 Small TF                          Figure 2 supraTF                                  Figure 3 IncompleteTF 

 

 
Figure 4: Showing double transverse foramen 

 

 

 
Figure 5: Showing triple transverse foramen  
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