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SUMMARY 
 
The aim of our study was to investigate the 

prevalence and morphometry of double transverse 
foramina in cervical vertebrae in a living popula-
tion and to discuss their clinical importance. This is 
a retrospective single-center study. 253 (84.3%) 
computed tomography scan images of the cervi-
cal spine were collected from a total sample of 300 
Spanish subjects that underwent a computed to-
mography study, 173 from men (68.3%) and 80 
from women (31.6%), aged between 18 and 90 
years old. The presence or absence of a double 
transverse foramen of each cervical vertebra was 
recorded, and the maximum right-left diameter, 
maximum antero-posterior diameter and area of 
each transverse foramen were measured. The 
applied statistics were multivariate models for re-
peated measures, Student t test and Pearson’s chi
-squared test. 

Double transverse foramina in C4, C5, C6 and 
C7 were observed, the most prevalent being in 
C6 (45.8%), followed by C5 (23.5%), C4 (4.7%) 
and C7 (4.3%). The unilateral formation was 
significantly the most frequent. No differences 
were found based on sex. In the vertebrae with a 
double transverse foramen, the principal trans-
verse foramen was significantly larger than the 

accessory transverse foramen. However, in these 
vertebrae the principal transverse foramen was 
significantly smaller when compared with the 
transverse foramen of normal vertebrae. 

C6 presents the greatest prevalence of double 
transverse foramina, although they are also ob-
served in C4, C5 and C7. The double transverse 
foramen causes the principal transverse foramen 
to be smaller when compared with normal verte-
brae, thus it should be taken into account in clinical 
practice. 

 
Key words: Anatomy – Skeleton – Spine – Com-
puted tomography – Spain  

 
INTRODUCTION 
 

The cervical spine presents biomechanical and 
anatomical differences in comparison with dorsal 
and lumbar vertebrae. One of the differences is the 
presence of a transverse foramen (TF) in the 
transverse process of cervical vertebrae, through 
which the vertebral artery and veins and sympa-
thetic nerves pass, with the exception of the TF in 
C7 which the vertebral artery does not pass 
through (Jovanovic, 1990) (Fig. 1A). 

The vertebral arteries are composed of four 
segments (Fig. 1B and Fig. 1C). Segment V1, 
the extra-osseous segment, goes from the be-
ginning of the vertebral artery until the transverse 
foramen of the C6. Segment V2 is the foraminal 
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segment, where the artery passes through the 
transverse foramina from C6 to C2. The extra- 
spinal segment, V3, begins at the foramen trans-
versarium of C2. At this segment, the vertebral 
artery passes along the superior aspect of the pos-
terior ring of C1, and then twists antero-superior 
towards the foramen magnum where it pierces the 
dura. Lastly, V4, the intradural segment, courses to 
the pontomedullary junction, where the basilar ar-
tery is formed (Desouza et al., 2011). 

Moreover, the cervical spine is the segment with 
the most mobility of the spine. Therefore the rele-
vant clinical implications of the TF are obvious in 
cases of possible compression or trauma of struc-
tures that cross it, especially in relation to the ver-
tebral artery, depending on whether or not it af-
fects normal blood flow (Taitz et al., 1978). In this 
context, variations in TF number and size are in-
volved in the etiology of some clinical syndromes 
and symptoms like headache, migraine, fainting, 
vertebrobasilar insufficiency as a response to cer-
tain neck movements, and blackouts due to low 
blood pressure in the vertebral artery (Bulsara et 
al., 2006). 

The TF can be multiple or absent and may pre-

sent anatomical variations with respect to its 
shape and size. When it is multiple, the accessory 
TF (ATF) usually appears posterior to, and 
smaller than, the primary foramen (PTF) (Kaya 
et al., 2011). This anatomical variant, called 
double transverse foramen (DTF), has been 
found in the inferior cervical rachis, either unilater-
ally or bilaterally, and located more often in C6 
(Murlimanju et al., 2011; Chandravadiya et al., 
2013). In terms of its etiology, DTF may be relat-
ed to variations of the course and development 
of the vertebral artery (Das et al., 2005). In ad-
dition, it is fundamental to understand the ana-
tomic variations of the TF in order to properly 
plan surgical procedures of the cervical spine 
including screw fixation, since the osseous and 
vascular variations of the cervical spine can 
place the vertebral artery at risk during surgery 
(Peng et al., 2009). 

We hypothesize that there were morphometric 
differences between the PTF, the ATF and the 
normal TF at all the cervical levels presenting DTF. 
Following on from this, the aim of our study 
was to investigate the quantitative anatomy 
and morphometry of TF with emphasis on the 
prevalence of DTF in order to increase and con-
solidate the current anatomic knowledge, as the 
TF is fundamental for surgical treatment of verte-
bral artery dissection and laceration. 

 
MATERIALS AND METHODS  
 
Patient sample 

This was a morphologically based, retrospective-
ly designed and single-center study. It was ap-
proved by the Ethics Committee in Human Re-
search of the University of Valencia (ref. 
H1414410627187). The procedures were per-
formed in accordance with the World Medical 
Association Declaration of Helsinki (1975 and 
subsequent additions). 

We reviewed computed tomography (CT) cervi-
cal scans of 300 consecutive Spaniard subjects 
aged between 18 and 90 years old. CT studies 
were carried out at the CT ERESA Unit at the 
University General Hospital of Valencia, Spain. 
The CT scans were reviewed by two different radi-
ologists. Only when both radiologists coincided in 
the diagnosis the CT images were used for the 
study. 

Inclusion criteria were Spanish subjects aged 
more than 18 years that underwent a CT study. 
The exclusion criteria were: incomplete studies 
(when the complete cervical spine was not in-
cluded), metal artifact imaging, previous cervical 
spine surgery, trauma or vertebral fractures, tumor 
history or cervical spine infections, severe rheu-
matic disease, myelopathies and congenital cer-
vical malformations, as well as those related to 
Down Syndrome, Turner Syndrome, Arnold-Chiari 
malformation, Klippel-Feil Syndrome, and other 

Fig. 1.  Scheme of the vertebral arteries in the cervical 
vertebrae TF. (A) Transversal view of a typical cervical 
vertebra showing the vertebral artery and veins pass-
ing through the TF. (B) Lateral view of cervical spine 
and vertebral artery. (C) Anterior view of cervical spine 
and vertebral arteries. The vertebral artery is com-
posed of 4 segments: V1 begins at the origin on the 
subclavian artery and extends to the C6 TF; V2 runs 
from the C6 TF to the C2 TF; V3 extends from the 
C2 TF to the foramen magnum; V4 runs from the fora-
men magnum to the vertebrobasilar junction. 
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congenital malformation syndromes. 
In accordance with our inclusion and exclusion 

criteria, 253 (84.3%) CT scan images of the cervi-
cal spine were collected from a total sample of 
300 Spanish subjects (100%), 173 men (68.3%) 
and 80 women (31.6%). Table 1 shows the num-
ber of images that were analyzed at each cervical 
level as well as the number of images that were 
discarded because there was no coincidence be-
tween radiologists. 

The mean overall age of the study sample 
was 63.5 ± 13.0 years old. The mean age of 
the men (64.7 ± 11.2 years old) was slightly 
higher than that of the women (60.9 ± 16.1 years 
old) and this difference was statistically significant 
(Student t test p = 0.033). The main reason for 
performing the CT scans that were analyzed in 
this study was internal carotid artery diseases 
(82.6%), followed by other vascular diseases that 
did not affect the vertebral artery (10.6%), cer-
tain types of neoplasms (4.4%), and cerebrovas-
cular diseases (2.4%). 

 
CT scan protocol 

All the image studies were performed with a GE 
LightSpeed VCT 64 Slice CT system (General 
Electric, Milwaukee, WI, USA) providing an axi-
al-field of view of 350-400 mm and a trans-axial 
slice thickness of 0.5 mm. A low-dose CT scan 
from the aortic arch through the orbitomeatal base-
line was obtained with the patient in the supine 
position (120Kvp, 300mAs, 0.5-s rotation time, 
16x0.5mm collimation, pitch of 0.64). 

An 18 to 20 gauge angiocath was inserted into 
the antecubital vein of all the patients. Over 70–
120 ml of non-ionic iodinated contrast media 
(iopamidol 300) followed by 30 ml of saline solu-
tion was injected with an automatic injector at a 
rate of 5 ml/sec. The bolus-tracking method proved 
very useful for correct filling of the vertebral arter-
ies. The region of interest was positioned at the 
aortic arch, and the threshold was set at 100-
120 HU; when it was surpassed, helical scan-
ning was automatically initiated. 

 

Morphometric parameters 
Images were analyzed on a GE Advantage 

Windows 4.5 workstation. Three measurements 
for each TF of all cervical vertebrae were obtained 
using screen images: its width (maximum right-left 
diameter) its depth (maximum antero-posterior 
diameter) and its area were recorded. The larger 
TF was deemed the principal (PTF) in the verte-
brae with a DTF, while the smaller and accessory 
of the two foramina was deemed the ATF. Fig. 2 
shows an example of a dry C6 vertebra with bi-
lateral DTF, and Fig. 3 shows CT scan images of 
C4, C5 and C6 vertebrae with unilateral DTF. 

 
Statistical analyses 

The descriptive statistics were calculated to 
define the sample. Multivariate models for re-
peated measures were used to adjust for uncer-
tain variables like age and sex. Student t test was 
used to estimate the differences of the means be-
tween two independent groups. Pearson’s chi-
squared test was used to compare the distributions 
of the frequencies. A p value of ≤ 0.05 was consid-
ered significant. Continuous variables are 
showed as average and standard deviation of the 
mean. Category variables are shown as frequen-
cies. The statistical analyses were performed with 
SPSS ver.13 statistical software package (SPSS 
Inc., Chicago, IL, USA). 

 
RESULTS 

 
After adjustment for uncertain variables like sex 

and age, there were no statistically significant dif-
ferences between men and women regarding the 
presence of DTF: 7 C4 vertebrae (4.3%) with DTF 
in men, and 4 (5.6%) in women (p = 0.453); 35 C5 
vertebrae (21.7%) with DTF in men, and 20 
(27.4%) in women (p = 0.217); 69 C6 vertebrae 
(46.6%) with DTF in men, and 29 (43.9%) in wom-
en (p = 0.415); 4 C7 vertebrae (2.8%) with DTF in 
men, and 5 (7.6%) in women (p = 0.119). 

The general prevalence of DTF in all the verte-
brae analyzed was 11.2%. The presence of DTF 

Table 1. Number of CT scan images analyzed and number of CT scan images discarded by diagnosis disparity be-
tween radiologists 

Cervical level  CT scan images analyzed  CT scan images discarded  

C1 226 (89.3%) 27 (10.6%) 

C2 193 (76.2%) 60 (23.7%) 

C3 233 (92.0%) 20 (7.9%) 

C4 234 (92.4%) 19 (7.5%) 

C5 234 (92.4%) 19 (7.5%) 

C6 214 (84.5) 39 (15.4%) 

C7 207 (81.8%) 46 (18.1%) 

CT = computed tomography scan  
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was more frequent in C6 (98 vertebrae, 45.8%), 
followed by C5 (55 vertebrae, 23.5%), C4 (11 ver-
tebrae, 4.7%) and C7 (9 vertebrae, 4.3%). De-
pending on which side was the altered one, the 
frequency of DTF by cervical level was as fol-
lows: in C4, 7 (0.2%) on the right side, 3 (1.2%) on 
the left side and 1 (0.4%) bilateral; in C5, 30 
(12.8%) on the right side, 13 (5.5%) on the left side 
and 12 (5.1%) bilateral; in C6, 35 (16.3%) on 
the right side, 21 (9.8%) on the left side and 
42 (19.6%) bilateral; and in C7, 6 (2.8%) on the 
right side, 3 (1.4%) on the left side and 0 (0,0%) 
bilateral. There was a statistically significant great-
er prevalence of unilateral DTF than bilateral cas-
es in C4 (p=0.004), C5 (p=0.001) and C6 
(p=0.001). In addition, there was a greater preva-
lence of DTF on the right side at all four cervical 
levels studied, although this difference was not 
statistically significant (C4 p=0.476, C5 p=0.154, 
C6 p=0.303, C7 p=0.453). 

In the vertebrae presenting DTF (C4-C7) we ob-
served sexual differences in TF measurements. 
The lateral diameter, antero-posterior diameter 
and area of TF were bigger in men than in wom-
en. This difference was statistically significant for 
the antero-posterior diameter at C1, the lateral 
diameter at C1-C6 and the area at C1, C3-C6 
(Table 2). 

The antero-posterior diameter, lateral diameter 
and area of the PTF were larger than the ones of 
the ATF in all the vertebrae with DTF, and these 
differences were statistically significant at all the 
cervical levels analyzed, except in the case of the 
lateral diameter and area of the PTF of C7, in both 

Fig. 2.  Image of a dry C6 vertebra with bilateral DTF. 
PTF: principal transverse foramen. ATF: accessory 
transverse foramen. 

Fig. 3.  CT scan images of cervical vertebrae with 
DTF. (A) C4 vertebra with a right DTF. (B) C5 vertebra 
with a left DTF. (C) C6 vertebra with a left DTF. 

men and women (Table 3). 
As Table 4 shows, when comparing the dimen-

sions of the PTF in vertebrae presenting DTF 
with the dimensions of the TF in vertebrae 
without a DTF at the cervical levels C4, C5, C6 
and C7, the presence of DTF determined a smaller 
size of the PTF in comparison with the TF of nor-
mal vertebrae. This difference was statistically sig-
nificant in both men and women (except for the 
lateral diameter of C6 and C7 in men, and the lat-
eral diameter of C6 in women). 
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Table 2. Sexual differences in measurements of TF of normal cervical vertebrae 

SD: Standard Deviation; 1 antero-posterior diameter (mm); 2 lateral diameter (mm); 3 area (mm2); 4 P-value in comparison between men and women 
(Student t test)  

Cervical level   
Men Women   

Media ± SD Range Media ± SD Range p 4 

C1 (♂=154, ♀=72) 

Ø AP 1 7.1 ± 1.0 3.2 - 10.0 6.7 ± 1.0 3.8 - 9.6 0.001 

Ø lat 2 5.9 ± 0.9 3.6 - 9.1 5.5 ± 0.8 3.7 - 7.8 <0.001 

Area 3 31.7 ± 6.7 12.6 - 48.9 27.3 ± 5.0 15.4 - 37.9 <0.001 

C2 (♂=132, ♀=61) 

Ø AP 1 6.3 ± 1.1 3.2 - 10.3 6.3 ± 1.2 3.4 - 9.3 0.878 

Ø lat 2 6.1 ± 1.3 3.0 - 9.8 5.6 ± 1.0 3.6 - 8.1 0.001 

Area 3 29.2 ± 6.9 13.1 - 53.7 27.8 ± 6.0 10.3 - 43.2 0.057 

C3 (♂=159, ♀=74) 

Ø AP 1 4.8 ± 0.6 3.0 - 7.4 4.7 ± 0.6 3.2 - 6.5 0.051 

Ø lat 2 6.5 ± 0.7 3.9 - 8.4 6.1 ± 0.8 4.0 - 8.5 <0.001 

Area 3 24.7 ± 4.8 8.7 - 42.7 22.4 ± 5.0 12.1 - 36.9 <0.001 

C4 (♂=152, ♀=71) 

Ø AP 1 4.8 ± 0.6 3.1 - 6.6 4.8 ± 0.7 3.0 - 7.8 0.845 

Ø lat 2 6.4 ± 0.7 3.6 - 8.4 6.0 ± 0.7 4.2 - 8.2 <0.001 

Area 3 24.2 ± 4.8 9.2 - 43.9 22.3 ± 5.2 11.9 - 38.7 <0.001 

C5 (♂=122, ♀=57) 

Ø AP 1 5.2 ± 0.7 2.9 - 7.8 5.0 ± 0.6 3.2 - 7.1 0.052 

Ø lat 2 6.4 ± 0.9 3.4 - 9.1 6.0 ± 0.8 4.1 - 7.9 <0.001 

Area 3 26.3 ± 5.2 9.9 - 44.4 23.5 ± 4.8 8.4 - 33.4 <0.001 

C6 (♂=79, ♀=37) 

Ø AP 1 5.5 ± 0.8 3.2 - 7.6 5.3 ± 0.8 1.8 - 7.8 0.085 

Ø lat 2 6.6 ± 1.0 3,4 - 10.0 6.0 ± 1.0 1.7 - 8.7 <0.001 

Area 3 28.3 ± 6.0 10.5 - 48.1 24.7 ± 5.3 3.5 - 33.7 <0.001 

C7 (♂=135, ♀=63) 

Ø AP 1 5.0 ± 1.4 1.4 - 10.1 4.8 ± 1.3 1.7 - 8.8 0.178 

Ø lat 2 3.2 ± 0.9 1.0 - 6.2 3.1 ± 1.0 1.2 - 8.5 0.433 

Area 3 12.7 ± 6.3 2.0 - 41.0 11.6 ± 5.8 1.6 - 38.0 0.112 

 
DISCUSSION 

 
In this study we analyzed the prevalence of 

DTF in complete cervical sets taking into account 
both the overall prevalence of DTF and the preva-
lence corresponding to each cervical level. The 
overall frequency of DTF is one of the data that is 
most usually reported in previous studies, but DTF 
prevalence presents very variable results, possibly 
because of the diverse research methodologies 
that are used. The overall frequency observed in 
our sample population was 11.2%, which is similar 
to that reported by previous authors on cervical 
sets (4.7% - 16.5%) (Taitz et al., 1978; De Boeck 
et al., 1984; Jovanovic, 1990; Jaffar et al., 2004; 
Sanchis-Gimeno et al., 2005; Sharma et al., 2010; 
Chandravadiya et al., 2013; Gupta et al., 2014; 
Patil et al., 2014). However, among these studies 
there are authors who did not analyze com-
plete cervical sets, but rather cervical segments 
only. Jovanovic (1990) only studied C6-C7; Shar-
ma et al. (2010) and Agrawal et al. (2012) ana-

lyzed only C3-C6. Therefore the frequencies ob-
served by these three authors do not in fact refer 
to the seven cervical levels as a whole. 

Although other studies provide values that re-
fer to the overall prevalence of DTF in the cervi-
cal spine, their results do not refer to cervical sets, 
whether complete or incomplete, but to the com-
pendium of isolated vertebrae brought together in 
order to be studied; in addition, the number of 
subjects such studies were from is not stated 
(Nagar et al., 1999; Aydinoğlu et al., 2001; Das et 
al., 2005; Kaya et al., 2011; Murlimanju et al., 
2011; Chaudhari et al., 2013; Rathnakar et al., 
2013; Katikireddi and Setty, 2014; Mishra et al., 
2014; Murugan and Verma, 2014; Ramachandran 
et al., 2014; Shah et al., 2014; Yadav et al., 2014; 
Dofe et al., 2015; Kumari et al., 2015; Patra et al., 
2015). The random nature of the origin of the 
vertebrae that were analyzed in these studies 
makes the overall frequencies of DTF very varia-
ble, ranging from 1.4% to 42.6%. Their results are 
not comparable with ours because of the different 
methodologies they used in the selection of the 
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Table 3. Quantitative differences between the PTF and the ATF in vertebrae with DTF 

SD = Standard Deviation; ATF = accessory transverse foramen PTF = principal transverse foramen; 1 antero-posterior diameter (mm); 2 lateral diame-
ter (mm); 3 area (mm2); 4 P-value in comparison between ATF and PTF (Student t test)  

Cervical level   
Men Women 

Mean ± SD Range P-value 4 Mean ± SD Range P-value 4 

C4 

ATF 
Ø AP 1 

1.4 ± 0.4 1.0 - 2.2 
<0.001 

1.2 ± 0.2 0.9 - 1.5 
<0.001 

PTF 4.2 ± 1.1 3.0 - 6.8 3.9 ± 0.4 3.3 - 4.3 

ATF 
Ø lat 2 

2.0 ± 0.4 1.5 - 2.8 
<0.001 

1.6 ± 0.4 1.0 - 2.2 
0.002 

PTF 5.5 ± 1.1 4.0 - 7.6 5.6 ± 1.4 3.7 - 7.1 

ATF 
Area 3 

2.2 ± 1.2 1.1 - 4.5 
<0.001 

1.6 ± 0.5 0.8 - 2.2 
0.002 

PTF 18.5 ± 7.6 11.4 - 33.6 15.9 ± 5.4 9.7 - 23.0 

C5 

ATF 
Ø AP 1 

1.4 ± 0.3 0.9 - 2.4 
<0.001 

1.3 ± 0.2 1.0 - 1.8 
<0.001 

PTF 5.0 ± 1.2 1.0 - 7.6 4.5 ± 1.7 1.0 - 6.6 

ATF 
Ø lat 2 

1.9 ± 0.4 1.1 - 3.2 
<0.001 

1.8 ± 0.5 0.8 - 2.8 
<0.001 

PTF 5.9 ± 1.4 1.3 - 9.1 5.4 ± 2.0 1.0 - 7.8 

ATF 
Area 3 

2.2 ± 1.2 1.0 - 5.5 
<0.001 

1.8 ± 0.8 0.7 - 3.4 
<0.001 

PTF 23.3 ± 7.3 1.2 - 36.5 20.5±10.9 1.0 - 36.5 

C6 

ATF 
Ø AP 1 

1.5 ± 0.4 0.4 - 3.7 
<0.001 

1.5 ± 0.4 1.0 -3.5 
<0.001 

PTF 5.3 ± 0.7 3.1 - 7.5 5.4 ± 0.9 2.4 - 7.2 

ATF 
Ø lat 2 

2.1 ± 0.7 0.3 - 3.7 
<0.001 

2.1 ± 0.7 1.1 - 5.0 
<0.001 

PTF 6.3 ± 1.1 0.3 - 3.7 6.5 ± 0.9 4.2 - 8.7 

ATF 
Area 3 

2.6 ± 1.4 0.4 - 9.0 
<0.001 

2.6 ± 1.2 1.0 - 6.6 
<0.001 

PTF 26.4 ± 5.8 10.5 - 39.8 27.3 ± 6.9 10.3-40.8 

C7 

ATF 
Ø AP 1 

2.1 ± 0.3 1.8 - 2.6 
0.048 

1.5 ± 0.6 0.6 - 2.5 
0.038 

PTF 3.2 ± 0.9 1.9 - 4.1 3.4 ± 1.4 1.5 - 5.5 

ATF 
Ø lat 2 

2.0 ± 1.1 1.4 - 3.9 
0.648 

1.7 ± 0.2 1.6 - 2.1 
0.068 

PTF 2.3 ± 0.4 1.6 - 2.6 2.6 ± 0.8 1.8 - 3.9 

ATF 
Area 3 

3.1 ± 0.7 2.3 – 4.0 
0.223 

1.8 ± 0.7 0.9 - 2.7 
0.073 

PTF 5.1 ± 2.9 2.1 – 8.7 7.4 ± 5.9 1.7 – 17.5 

vertebrae that they analyzed. Moreover, it is 
worth mentioning that the diverse ethnic origin 
of the samples the preceding authors studied 
may have affected the different frequencies they 
observed. Table 5 shows the frequencies of DTF 
encountered in these studies. 

We consider that it is of great clinical relevance 
to know the prevalence of DTF at each cervical 
level, for a more precise diagnosis and individual-
ized therapy. In this regard few authors provide 
data (Taitz et al., 1978; De Boeck et al., 1984; Jo-
vanovic, 1990; Wysocki et al., 2003; Jaffar et al., 
2004; Sanchis-Gimeno et al., 2005; Sharma et al., 
2010; Agrawal et al., 2012; Chandravadiya et 
al., 2013; Gupta et al., 2014; Kwiatkowska et al., 
2014; Patil et al., 2014; Ramachandran et al., 
2014). Unfortunately, once again the methodolo-
gy applied may have affected the results ob-
tained. There are studies in which, as in our 

case, the prevalence of DTF is reported at dif-
ferent cervical levels (Taitz et al., 1978; De Boeck 
et al., 1984; Wysocki et al., 2003; Jaffar et al., 
2004; Sanchis-Gimeno et al., 2005; Sharma et 
al., 2010; Chandravadiya et al., 2013; Gupta et al., 
2014; Kwiatkowska et al., 2014; Patil et al., 2014), 
although in the study by Taitz et al. (1978) C6 and 
C7 were addressed together. Similarly, other au-
thors like Kwiatkowska et al. (2014) and Wysocki 
et al. (2003) analyzed the relative prevalence of 
DTF at the different cervical levels with reference 
to the total number of TF and not to the num-
ber of vertebrae. Table 5 summarizes the fre-
quencies of DTF at each cervical level relative to 
the total number of vertebrae within each cervical 
level, from different studies in which cervical 
sets were complete or incomplete. In line with our 
results, previous studies also notice the absence 
of DTF in C2 and occasional presence in C1 
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PTF = principal transverse foramen DTF = double transverse foramen TF = transverse foramen; SD = Standard Deviation; 1 antero-posterior diameter 
(mm); 2 lateral diameter (mm); 3 area (mm2); 4 P-value in comparison between PTF and TF (Student t test)  

Cervical level    

Men Women 

PTF 
Mean ± SD 

TF 
Mean ± SD P-value 4 PTF 

Mean ± SD 
TF 

Mean ± SD P-value 4 

C4 

Ø AP 1 3.8 ± 0.3 4.8 ± 0.6 <0.001 3.8 ± 0.5 4.8 ± 0.7 0.008 

Ø lat 2 5.0 ± 1.0 6.4 ± 0.7 <0.001 5.2 ± 0.3 6.0 ± 0.7 0.013 

Area 3 15.2 ± 4.2 24.2 ± 4.8 <0.001 14.5 ± 1.6 22.3 ± 5.2  0.002 

C5 

Ø AP 1 4.6 ± 0.6 5.2 ± 0.7 <0.001 4.4 ± 0.9 5.0 ± 0.6 0.001 

Ø lat 2 5.7 ± 0.8 6.4 ± 0.9 <0.001 5.5 ± 0.7 6.0 ± 0.8 0.031 

Area 3 19.4 ± 4.2 26.3 ± 5.2 <0.001 19.2 ± 5.7 23.5 ± 4.8  <0.001 

 C6 

Ø AP 1 5.2 ± 0.6 5.5 ± 0.8 0.010 4.9 ± 0.5 5.3 ± 0.8 0.039 

Ø lat 2 6.3 ± 0.8 6.6 ± 1.0 0.063 6.1 ± 0.6 6.0 ± 1.0 0.417 

Area 3 24.2 ± 5.6 28.3 ± 6.0 <0.001 23.3 ± 5.3 24.7 ± 5.3  0.039 

 C7 

Ø AP 1 3.3 ± 1.7 5.0 ± 1.4 0.015 3.2 ± 0.8 4.8 ± 1.3 0.006 

Ø lat 2 2.8 ± 0.8 3.2 ± 0.9 0.358 1.9 ± 0.4 3.1 ± 1.0 0.012 

Area 3 7.0 ± 7.2 12.7 ± 6.3 0.021 5.0 ± 2.5 11.6 ± 5.8 0.009 

Table 4. Comparative dimensions between the PTF of vertebrae with DTF and the TF of vertebrae without DTF 

(De Boeck et al., 1984; Wysocki et al., 2003), 
and the highest frequency in C6, followed by C5, 
C4 and C7 (Taitz et al., 1978; De Boeck et al., 
1984; Sharma et al., 2010; Chandravadiya et al., 
2013; Patil et al., 2014). Although we did not find 
DTF in C3, other studies describe DTF in C3, 
although at a very low frequency (De Boeck et 
al., 1984; Wysocki et al., 2003; Sanchis-Gimeno 
et al., 2005; Sharma et al., 2010; Ramachandran 
et al., 2014). 

Despite the abundance of studies on DTF, there 
is a lack of data regarding the distribution of DTF 
by sex, mostly because this information was 
not recorded or reported. Only four studies show 
data on DTF distribution based on sex (De Boeck 
et al., 1984; Wysocki et al., 2003; Kaya et al., 
2011; Kwiatkowska et al., 2014), but none of them 
reported on whether they observed any statisti-
cally significant differences depending on sex 
regarding the presence of DTF. In our study, we 
reported for the first time the absence of statisti-
cally significant differences on DTF prevalence 
based on sex. 

Another interesting point to be analyzed is the 
possible predominance according to the side of 
the TF affected by DTF, or the bilaterality of 
this variant. However, only a few authors have 
analyzed these aspects (Jovanovic, 1990; Aydi-
noğlu et al., 2001; Murlimanju et al., 2011; Agrawal 
et al., 2012; Rathnakar et al., 2013; Gupta et al., 
2014; Katikireddi and Setty, 2014; Kwiatkowska 
et al., 2014; Ramachandran et al., 2014; Shah et 
al., 2014; Patra et al., 2015). In our case, DTF 
were encountered more frequently unilaterally than 
bilaterally with statistical significance, which coin-

cides with findings of other previous studies 
(Jovanovic, 1990; Aydinoğlu et al., 2001; Murli-
manju et al., 2011; Agrawal et al., 2012; Rathnakar 
et al., 2013; Gupta et al., 2014; Katikireddi and 
Setty, 2014; Ramachandran et al., 2014; Shah et 
al., 2014). However, this is contrary to the work by 
Patra et al. (2015), who observed that the bilateral 
formation (11.33%) was more prevalent than uni-
lateral formation (10.67%), although these authors 
did not report whether this difference was statisti-
cally significant or not. With regard to the side 
with a greater prevalence of DTF, as in the study 
by Murlimanju et al. (2011), in our case the pres-
ence of DTF was more frequent at the right side, 
although this difference was not statistically signifi-
cant. Nevertheless, Kwiatkowska et al. (2014) 
found no statistically significant differences be-
tween the right and the left. 

The results obtained in our study on normal FT 
measurements are similar to those from other cer-
vical CT studies (Zhao et al., 2008; Malik et al., 
2009; Evangelopoulos et al., 2012; Nishinome et 
al., 2013; Kotil et al., 2014). However, since the 
presence of DTF may affect the size of the PTF, 
we excluded the vertebrae with DTF from the 
measurements of the TF. Unlike in our case, 
none of the other studies mention whether the 
vertebrae with DTF were excluded from the study 
sample. Moreover, only Zhao et al. (2008), Malik et 
al. (2010) and Evangelopoulos et al. (2012) ana-
lyze possible sexual differences in the TF meas-
urements. Like in our case, Malik et al. (2010) and 
Evangelopoulos et al. (2012) found bigger dimen-
sions of TF in men, while Zhao et al. (2008) did not 
find sexual differences. This could be explained by 
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Table 5. Summary of DTF frequencies observed by other authors 

NR = Non reported; NA = Non analyzed  

Authors and publication year  C1 C2 C3 C4 C5 C6 C7 Total  

Taitz et al. (1978) 0.0% 0.0% 0.0% 0.0% 14.7% 43.9% 14.3% 

De Boeck et al. (1984) 1.6% 0.0% 5.0% 5.0% 17.0% 23.0% 15.0% NR 

Jovanovic (1990) NA NA NA NA NA NR 14.2% NR 

Nagar et al. (1999) NR NR NR NR NR NR NR 8.6% 

Aydinoğlu et al. (2001) 0.0% 0.0% 18.5% 35.2% 14.4% 

Jaffar et al. (2004) NR 0.0% NR NR NR 70.0% NR NR 

Das et al. (2005) 0.0% 0.0% NR NR NR NR NR 1.5% 

Sanchis et al. (2005) 0.0% 0.0% 2.6% 14.2% 30.3% 41.9% 10.7% 10.0% 

Sharma et al. (2010) NA NA 2.0% 6.0% 8.0% 16.0% NA 8.0% 

Kaya et al. (2011) NR NR NR NR NR NR NR 22.7% 

Murlimanju et al. (2011) 0.0% 0.0% 0.0% 0.0% 0.0% 1.4% 1.4% 

Agrawal et al. (2012) NA NA 3.7% NA 3.7% 

Chandravadiya et al. (2013) 0.0% 0.0% 0.0% 0.0% 6.6% 20.0% 6.6% 4.7% 

Chaudhari et al. (2013) 0.0% 0.0% 16.9% 41.6% 16.5% 

Rathnakar et al. (2013) NR NR NR NR NR NR NR 5.7% 

Gupta et al. (2014) NR 0.0% NR NR NR 60.0% NR 16.5% 

Katikireddi and Setty (2014) NR NR NR NR NR NR NR 3.0% 

Mishra et al. (2014) NA NA 14.0% NA 14.0% 

Murugan and Verma (2014) 0.0% 0.0% NR NR NR NR NR 12.6% 

Patil et al. (2014) 0.0% 0.0% 0.0% 12.0% 12.0% 12.0% 4.0% 5.7% 

Ramachandran et al. (2014) 0.0% 0.0% 3.7% 41.9% 12.5% 50.0% 10.2% 15.8% 

Shah et al. (2014) NR NR NR NR NR NR NR 16.1% 

Yadav et al. (2014) NA NA 6.6% NA 6.6% 

Kumari et al. (2015) NR NR NR NR NR NR NR 9.8% 

Patra et al. (2015) NA NA 0.0% 0.0% NR NR 36.6% 22.0% 

Present Study (2016) 0.0% 0.0% 0.0% 4.7% 23.5% 45.8% 4.3% 11.2% 

the diverse ethnic origin of the studied samples. 
In relation to the morphometry of the DTF, our 

study shows that the ATF is smaller in the antero
-posterior diameter, the lateral diameter and area 
than the PTF at all the cervical levels presenting 
DTF, except for the lateral diameter in C7, and 
that such difference was statistically significant. 
These data are in agreement with previous studies 
(Mishra et al., 2014; Murugan and Verma, 2014; 
Patra et al., 2015). Considering that a TF with a 
smaller caliber could affect the vascular flow of the 
vertebral artery (Taitz et al., 1978), it would be of 
greater clinical relevance to ascertain whether the 
presence of this anatomical variant causes a 
smaller size of PTF in the vertebrae with DTF 
when compared with normal vertebrae. In this con-
text, we verified that the presence of DTF at C4, 
C5, C6 and C7 does significantly correlate with 
a smaller size of the PTF, compared with the TF 

of normal cervical vertebrae. This finding is rele-
vant in relation to the possible correlation between 
the compressive pathology of the vertebral artery 
at the C4-C6 levels and the vertebral artery 
surgery. In this regard, it would be advanta-
geous to verify whether the caliber of the verte-
bral artery is also reduced in these vertebrae with 
DTF. Additionally, it could be interesting to extend 
our study to a voluntary healthy cohort of samples 
in order to establish a putative correlation between 
DTF presence and symptoms of vertebrobasilar 
insufficiency. 

In sum, this study provides new data on the 
prevalence of DTF at each cervical level from 
complete cervical sets. Furthermore, we have 
established that the presence of DTF may deter-
mine a smaller size of the PTF in the vertebrae 
affected when compared with normal vertebrae, 
which should be considered in clinical practices 
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such as interpretation of cervical imaging studies 
and planning of surgical procedures in the cervical 
region. 
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