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Abstract 

Introduction: The present study provides surgically and clinically usefuldata, helpful during various kinds of 

surgical interventions in cervical region. We should emphasize simultaneous evaluation of both VA and FT for any 

kind of spine or VA pathologies. Also, variability in shapes of FT can manifest as pathological changes of the 

movements of cervical spine due to simultaneous change in VA dimensions.  

Material: The current study was conducted on 160, 100 and 80 foramina transversaria on CT scans, dry bone and 

cadaveric cervical spines (C3-C6) respectively.  

Results: The mean anteroposteriorand transverse diametersof foramina transversariawere observed to be 3.8 ±1.0 

mm and 4.25 ± 1.12 mm, respectively. Anteroposterior diameter was found to be less than 2 mm in 4.38% of 

thecases. Similarly, anteroposterior and transverse diameter of vertebral artery were found to vary from 1.5-5.14 and 

2.6-5.9, respectively. Based on coefficient of roundness, foramina were classified asdolicomorph (44.37%), 

brachymorph(40%) and mesomorph (15.62%) types, respectively.Interforamina distanceranged from 4.0 – 10.4 mm. 

Incidence of accessory foramina was observed to be 18%. 

Conclusion: Proper attention paid to the size of foramina less than 2mm will be useful as incidences of vertebral 

artery injuries, following cervical spine manipulation, are more among patients having vertebral artery diameter less 

than 2mm. It was also found that VA is more prone to get injured at cranial vertebral levels during posterior 

decompression surgeries. 
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Introduction 

The foramina transversaria (FT) transmit the 

vertebral vascular bundle (vertebral artery, and veins) 

and the sympathetic plexus which accompanies the 

vessels. Derangements of these structures in their 

course because of narrowing or deformation of the 

foramina have been extensively investigated [1-5]. 

Observations have been made on the variability of 

size and form, duplication, or even absence of one or 

more of the foramina transversaria. It is suggested 
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that, besides the embryological factors [8] like the 

fusion of the costal process to vertebrae, other 

anatomical or functional conditions may also 

contribute to variations observed among FT. The 

deformation and variations of FT mayaffect the 

anatomical course of vital vascular and neural 

structures, and consequently cause pathological 

conditions [6]. Double foramen transversarium is a 

rare condition [7] and this type of variation may 

affect the course of the vertebral artery.  

On the other hand, the tortuosity of the vertebral 

artery (VA)can be one of the contributing factor for 

variations found among FT. The morphological 

knowledge of various types of variations amomg FT 

is clinically important because the course of the VA 

may be distorted under such conditions, resulting in 

conditions like vertebrobasilar insufficiency. Under 

such condition, even slight neck movement can result 

in headache ,migraine and fainting attacks due to 

compression of vertebral artery [9]. The compression 

or other pathology of such aberrant artery may lead to 

neurological symptoms and at times hearing 

disturbances. Thus, the knowledge of variations of 

FT is crucial for neurosurgeons, radiologists, 

otolaryngologists  so as to prevent or cure any kind of 

pathological conditions resulting due to variability 

among FT. 

.Material and Methods 

The current study was conducted on 100 foramina 

transversaria (FT) from50 dry, adult cervical 

vertebrae, 80 FT from10 cadaveric cervical spines (5 

males; 5 females) and 160 FT from20 CT scans (10 

males, 10 females) of typical cervical vertebrae(C3- 

C6). Dry, typical, cervical vertebrae and cadaveric 

cervical spines were obtained from the Department of 

Anatomy, Govt. Medical College and Hospital, 

Chandigarh. All sets of vertebrae and cervical spines 

included in the study were normal. Any broken bone, 

cadavers with fracture or any visible deformity of the 

cervical spine, that could lead to error were excluded 

from the study. All measurements were performed 

bilaterally with the help of Vernier caliper (precision 

0.1 mm). CT scans of head and neck were obtained 

from Department of Radiodiagnosis, Govt. Medical 

College and Hospital, Chandigarh. Patients in age 

group of 25-45 yrs, who had no evidence of cervical 

spine trauma, infection, tumoral lesion or congenital 

spine malformation were included in this study. CT 

images were taken with the help of Philips Brilliance 

16 CT CT scanner with slice thickness of 0.55-7.5 

mm and images obtained were further analyzed with 

the help of special DICOM software, image analysis 

and processing program. Morphological parameters 

were obtained from third to sixth cervical vertebrae 

(C3 to C6). These included anteroposterior (APD) 

and transverse diameter (TD) of FT on CT scans 

(Fig. 1; 2),variations in shapes of FT (Fig. 3) and 

incidence of accessory FT on dry vertebrae and 

interforamina distance between cephalad and caudal 

FT on cadaveric cervical spines. 

Statistical Analysis - Averages and standard 

deviations were calculated for all measurements 

bilaterally. The findings were computed and 

statistical analysis was done using t test in case of 

comparison between males and females. To compare 

the measurements between the right and left FT, 

independent samples t test procedure with the 

significance set at 95% confidence level was 

performed. Significance of correlation was 

established in terms of the p value for the comparison 

of the various parameters with a significance level of 

p<0.05. 
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Results 

CT scan study: The mean anteroposterior diameter 

(APD) of foramina transversaria (FT) on both right 

and left sides was 3.8 ± 1.04 mm (1.3 mm – 7.7 mm) 

and 3.28 ± 0.96 mm (1.7mm – 6.4 mm) (Table 

1).APD was less than 2 mm in 4.38% of the cases, 

out of which in 3.75% cases, it was found at C3and 

C4 vertebral levels (Table 1, Fig.2; Fig. 4). The mean 

transverse diameter (TD) on right side was4.33 ± 

1.26 mm (range 1.5 mm – 10.3 mm) and on left side 

was 4.18 ± 0.98 mm (range 2.3 – 6.5mm). TD was 

observed to be less than 2 mm in only one of the 

vertebrae on right side (Table ).There were no 

statistically significant side differences (p> 0.05) in 

case of both APD and TD. Both  AP and TD 

diameters were found to increase cephalad to caudal 

from C3 to C6. Based on the coefficient of roundness 

(max. breadth X 100 / max. length), FT were 

classifiedas brachymorph (coefficient of roundness 

more than 85), mesomorph (coefficient of roundness 

between 75-85) and dolichomorph (coefficient of 

roundness less than 75). It was observed that 44.37% 

of the FT were dolicomorphs, while 40% were 

brachymorph and only 15.62% of the FT were 

mesomorph. Incidence of brachymorphFT was 

highest among C6 vertebrae (15%), while that of 

dolicomorph FT was observed to be higher among 

C3 vertebrae (13.12%).  

Cadaveric study: Interforaminal distance between 

transverseforamina from C3 to C6 was found to be 

6.96 ± 0.98 mm and 7.02 ± 1.11 mm on right and left 

sides, respectively. It was found to be ranging from 

4.0 – 10.4 mm, and was observed to be highest at 

level of C3-C4 mm(7.02 ± 0.77 mm on both sides) 

and decreased caudally. Minimum interforamina 

distance was observed to be 4.0 mm at C5-C6 

vertebral levels. No statistically significant side 

differences were observed in case of interforamina 

distance.  

The anteroposterior (APD) and transverse diameter 

(TD) of vertebral artery (VA) were measured from 

C3 to C6 (Table 2). APD was observed to be varying 

from 1.5 mm to 5.14 mm. Minimum APD was 

observed at the level of C3 and maximum at level of 

C6. Only, in one case, right sided VA was found to 

be less than 2 mm. VA APD was found to be more on 

left side than that of right side. Similarly, TD of VA 

was found to vary from 2.6 mm to 5.9 mm. Both 

APD and TD were found to be minimum at level of 

C3 and increased caudally. We further observed 

distance between right and left VA. It was observed 

as follows: 26.54±2.3 mm at C6, 25.21±2.1 mm at 

C5, 24.26±1.8 mm at C4 and 24.23±2.1 mm at C3. 

VA was found to be located comparatively more 

posterior cranially (C3, C4), as compared to caudal 

vertebrae (C5, C6).  

Dry vertebrae study: Among dry vertebrae, we 

observed that 18%vertebrae were found to have 

accessory foramina. In 8% of the cases, bilateral 

double foramina transversaria were observed. 10% 

vertebrae showed unilateral presence of double 

foramina (6%cases on left side and 4% on the right 

side). The accessory FT were smaller than the regular 

foramina in all cases. However, we did not find any 

vertebra with triple foramen transversarium. We 

further classified FT according to their shapes into 

five different types (Table 3). Most common shapes 

were elliptical (transverse extent) (41%), elliptical 

(anteroposterior extent) (19.5%), round (18.1%), 

oblique from right to left (14.3%) and obliquefrom 

left to right (7.1%) (Table 3; Fig. 3). 

Discussion 

The minimum diameter of the FT is usually a fairly 

good indicator of the size of the corresponding 
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vertebral artery. For practical purposes, the minimum 

diameter of the foramen is most often 1.5 mm. to 2.0 

mm. greater than the internal diameter of the 

corresponding vertebral artery at the same level 

[10].In the current study, mean anteroposterior 

diameter (APD) of FT was observed to be 3.8± 1.0 

mm. In 3.75% of the cases, APDof FT was observed 

to be less than 2 mm among C3, C4 vertebrae. Thus, 

from the current study data it can be evaluated that in 

3.75% of the FT, there were chances of hypoplastic 

VA (VA diameter less than 2mm). Thus, asmall size 

of the foramen transversarium should serve as a 

warning. Proper attention paid to the size of FT less 

than 2mm might help to improve the technical quality 

and usefulness of vertebral 

angiography in some patients. Patients with 

hypoplastic VA are considered at risk of vascular 

accidents following manipulation of the cervical 

spine. Also, incidences of vertebral artery injuries 

and associated neurological insults have been 

documented to be more often among patients with 

hypoplastic VA following cervical spine 

manipulation, because movements of the head and 

neck can cause compression and/or stretching of the 

hypoplastic vertebral artery due to its small 

calibreleading to alterations in its blood flow [10]. 

In this study, on the basis of coefficient of roundness 

the most commonly observed foramina were 

dolicomorph (44.37%) followed bybrachymorph 

(40%). Dolicomorph foramina are elliptical shaped 

due to very less (<75) coefficient of roundness. These 

were observed to be more common at  cranial i.eC3, 

C4 vertebral levels. Since in this type of FT, TD > 

APD, VA lies comparatively posteriorly. As 

observed in the current study, VA lies comparatively 

more posteriorly at cranial levels (C3, C4) than at 

caudal levels (C5, C6). Thus, it lies in proximity to 

intervertebral foramen through which spinal nerves 

exit. Therefore, at cranial levels VA is more prone to 

get injured during posterior decompression surgeries 

of spinal nerves passing through intervertebral 

foramen. Among C6 vertebrae, brachymorph FT are 

morecommon in which coefficient of roundness is 

maximal and thus, FT are round in shape. This 

difference in shape can be responsible for mechanical 

stresses imposed during movements. 

Pathologicalchanges in the movements could 

therefore be caused due to variable shapes of 

foramina[11]. Interforamina distance between 

cephalad and caudal transverse foramina was found 

to bemaximum at level of C3-C4 mm (7.02 ± 0.77 

mm). Minimuminterforamina distance was observed 

to be 4.0 mm at C5-C6 vertebral levels. This distance 

is very important for spine surgeries as interforaminal 

part of VA is lying exposed in the cervical spine, and 

thus, is prone to get injured during surgical 

intervention in this region. In the current study, the 

distance between right and left VA was found to vary 

from 22.11 mm to 28.8 mm from C3 to C6.  

Sim et al. [13] described that some portion of the 

primitive dorsal aorta may not regress along with the 

two intersegmental arteries which connect the 

vertebral artery. It is believed that this arrangement 

may lead todouble origin and duplication of the 

vertebral artery. Incidence of accessory FT was found 

to be 18% in the current study, which is 

comparatively quite high as compared to other 

studies [6]. In a study conducted by Das Srijit [12]the 

incidence of double FT was 1.5%. Taitz et al. [11] 

reported the incidence of 7% among the480 vertebrae 

they studied. Morphological knowledge of FT is thus 

clinically important since the course of the vertebral 

artery may be distorted in such situations [6]. Since 

the vertebral vessels are the factors in the formation 
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of the FT, it can be assumed that variations in the 

presence and course of the vertebral vessels will 

manifestas variant foramen transversarium [6]. The 

present study provides surgically and clinically useful 

data, helpful during various kinds of surgical 

interventions in cervical region. It can be inferred 

from the current study, that since, FT is a direct 

determinant of VA, we should emphasize 

simultaneous evaluation of both VA and FT for any 

kind of spine or VA pathologies. Also, it was seen 

that variable shapes of FT can manifest as 

pathological changes of the movements of cervical 

spine. Knowledge of inter foraminal dimensions of 

VA can be used to prevent damage to this exposed 

part of VA during spine surgeries.  

Acknowledgement: Authors are also thankful to 

Mrpra deep (Artist, PGIMER) for their timely help. 

 

Fig. 1 Schematic diagram depicting transverse (MN) and Anteroposterior (AP) diameter of 

foramen transversarium from C3 to C6 vertebral levels 

 

Fig. 2 CT scans depicting anteroposterior and transverse diameter of foramen transversarium 
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Fig.3 Diagrams depicting shapes of foramina transversaria: 

a) Round; b) Elliptical with anteroposterior extent; c) Elliptical with transverse extent; 

a) Oblique from right – left; e) Oblique from left – right 

 

 

 

 

Fig. 4 Graph showing anteroposteriorand transverse diameter of foramina transversaria of 

typical cervical vertebrae from C3 to C6 
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Table 1 Anteroposterior (APD) and transverse diameter (TD) of foramina transversaria (FT) of  typical cervical 

vertebrae (C3 to C6 vertebral levels) 

 

 

 

 

 

 

 

Table 2: Anteroposterior (APD) and transverse diameter (TD) of Vertebral Artery (VA) of typical cervical vertebrae 

(C3 to C6 vertebral levels) 

 

 

 

 

 

 

 

 

Table 3: Frequency of different shapes of foramina transversaria (FT) in % among typical cervical vertebrae from 

C3 to C6 

Shapes of FT  C3 C4 C5 C6 

Round  3.2 4.6 4.5 5.8 

Elliptical with anteroposterior extent  6.1 3.2 5.6 4.6 

Elliptical with transverse extent  6.0 6.8 7.2 21.0 

Oblique from right – left  3.0 3.1 5.0 3.2 

Oblique from left - right  2.2 1.0 1.0 2.9 

Vertebral 

levels 

Anteroposterior Diameter 

(APD) of FT (in mm) 

Transverse Diameter (TD) of FT (in 

mm) 

C3 Right 3.18±0.87 4.07±1.07 

C3Left 2.92±0.75 4.11±1.01 

C4  Right 3.07±0.74 4.1±1.05 

C4  Left 3.34±1.3 4.39±1.68 

C5  Right 3.56±1.33 4.26±0.87 

C5  Left 3.38±0.78 5.5±0.9 

C6  Right 3.73±1.22 4.83±1.03 

C6  Left 3.49±1.19 4.88±0.99 

 

Vertebral 

levels 

Anteroposterior Diameter (in mm) Transverse Diameter (in mm) 

C3 Right 2.71±1.2 3.9±1.3 

C3Left 2.92±0.75 4.0±0.7 

C4  Right 2.9±0.5 3.9±0.8 

C4  Left 3.0±0.3 4.2±1.33 

C5  Right 3.36±1.33 4.12±0.3 

C5  Left 3.45±0.74 4.36±0.9 

C6  Right 3.30±1.0 4.55±1.6 

C6  Left 3.59±1.55 4.71±1.2 
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