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SUMMARY 
 
Variations of the first segment (V1) of the verte-

bral artery (VA) are important to spine surgeons 
and radiologists. The present study was con-
ducted to document the anatomical variations of 
the V1 segment and estimate side and gender dif-
ferences, if any. The study was a cross-sectional 
analytical study performed on 33 adult cadavers 
(24 male and 9 female) of Indian origin. The V1 
segment of 67 VA was dissected and the follow-
ing parameters were noted: site of origin, level of 
entry into cervical spine, presence of tortuosity, 
length, external diameter and presence of hy-
poplasia. Side differences were estimated using 
the paired sample T test and Wilcoxon signed 
rank test. The independent sample T test and Chi 
square test were used to estimate gender differ-
ences. An unusual origin of the right VA from 
the thyrocervical trunk, in addition to the origin 
of the left VA from the arch of the aorta, was 
noted. Stenotic segments were observed in 4.5% 
of the VA.  Rare levels of entry into the cervical 
column of the V1 segment of the VA included 
the foramen transversarium of C5 (4.5%) and C7 
vertebra (2.5%). Nine per cent of V1 segments 
showed a high degree of tortuosity. The mean 
length and diameter of the V1 segments were 
3.7±1.5 cm and 4.2±0.9 mm respectively. Hypo-
plasia was observed in 18% of the V1 segments. 
The mean length of the V1 was found to be signifi-
cantly greater on the left side. Male cadavers had a 

significantly greater external diameter of V1. The 
knowledge of these variations of the V1 seg-
ment of the VA is imperative for the safe perfor-
mance of anterior spine procedures. 
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INTRODUCTION 
 
The vertebral artery (VA) is clinically important 

for the diagnostic interpretation of angiograms, 
sonograms, neurovascular interventions, and dur-
ing surgery of the cranio-vertebral region. An inju-
ry to the VA can cause brain stem ischemia and 
cerebellar infarction (Strub et al., 2006). It is usu-
ally described as a branch from the posterior-
superior aspect of the subclavian artery (SA) and 
is divided into four segments (V1 to V4). Seg-
ments V1 to V3 represent the extra-cranial VA. 
The V1 segment or pre-transverse segment ex-
tends from the origin of the VA to its entry into 
the foramen transversarium (FT) of the sixth 
cervical vertebra (C6). The V2 segment extends 
from the transverse process of C6 to where the 
VA exits the axis vertebra. The V3 segment ex-
tends from the point of exit from the axis to its 
entry into the cranium. The V4 segment is intracra-
nial and joins with its fellow at the lower pontine 
border to form the basilar artery (Buckenham and 
Wright, 2004). 

The V1 segment is more prone for atheroscle-
rotic change, particularly at its origin (Robert and 
Demetrides, 2004). Additionally, the risk of VA 
injury during anterior surgical decompression is 
greatly increased when the anatomy is atypical 
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(Eskander et al., 2010). Anomalies of the extra-
cranial branches of the VA are rare (Chiras et al., 
1982). Numerous individual case reports have 
documented anatomical variations of the VA 
found incidentally on angiograms (Lemke et al., 
1999; Kubikova et al., 2008). Though studies 
describing the anatomical variations of the V1 
segment of the VA have been conducted earlier, 
data from India is scarce (Matula et al., 1997; 
Ranganath and Manjunath, 2006; Wang et al., 
2009; Dodevski et al., 2011). In view of the 
above reasons, the present study was carried out. 
The objectives of the present study were the fol-
lowing: 1) To document the anatomical variations 
of the V1 segment of the VA in Indian cadavers 
in terms of origin, tortuosity, and level of entry 
into the cervical column; 2) To estimate the 
length and external diameter of the V1 segment 
of the VA; 3) To estimate side and gender differ-
ences if any in the above parameters. 

 
MATERIALS AND METHODS 

 
The study was a cross sectional analytical study. 

Sixty six sides (33 left and 33 right) from 33 em-
balmed adult cadavers (24 male and 9 female) of 
Indian origin, available at the Department of 
Anatomy in St. Johns Medical College, Banga-
lore, India, were studied. Deep dissection of the 
neck was conducted to expose the V1 seg-
ments on both sides. The V1 segment was 
traced from its origin to its entry into the FT of 
the cervical vertebrae. The following categorical 
variables were recorded: 1) origin; 2) termina-
tion; 3) tortuosity. The aspect of the SA from 
where the VA arose was noted as cranial, caudal, 
ventral or dorsal. The level at which the VA en-
tered the FT of the cervical vertebrae was noted. 
The tortuosity was graded as absent, low, moder-
ate or high based on the degree of deviation the 

artery exhibited from a straight line path. This was 
decided based on a consensus between the inves-
tigators. 

The total length and external diameter of the V1 
segment were measured using digital Vernier 
callipers to the nearest hundredth of a millime-
tre. The proportion of VA with an external di-
ameter less than or equal to 3.5 mm was noted 
and categorized as hypoplastic (Matula et al., 
1997). When the V1 segment was tortuous, it 
was stretched just enough to straighten it, after 
which the length was measured. The external di-
ameter was measured at the origin of the VA. 
Side differences were estimated using the paired 
sample T test for numerical variables and Wilcox-
on signed rank test for categorical variables. The 
independent sample T test for numerical varia-
bles and Chi square test for categorical variables 
were used to estimate gender differences. A p 
value less than or equal to 0.05 was considered 
statistically significant. 

 
RESULTS 
 
In one of the necks, the VA was duplicated on 

the left side. Thus in all, 67 VA were studied, 33 
from the right side and 34 from the left side. 
For estimating side and gender differences, the 
cadaver with a duplicated VA was excluded from 
the analysis. 

 
Origin 

The origin of the VA was from the first part of 
the SA in 96 % (64 of 67) of the arteries. The 
most common site of origin of the VA among 
these was from the cranial aspect of the SA 
(Table 1). Much less common were origins from 
the dorsal aspect of the SA (Table 1). The other 
unusual sites of origin were the arch of the aorta 

(two cases) on the left side and the thy-
rocervical trunk (one case) on the right 
side (Fig. 1). The two arteries from the 
arch of the aorta had an origin be-
tween the left common carotid artery 
and left SA. In one cadaver a duplica-
tion of the VA artery was noted on the 

Fig. 1 (a). An anomalous origin of the left 
vertebral artery (VA) from the arch of the 
aorta (AOA). The origin is between the left 
subclavian artery (LSA) and left common 
carotid artery (CCA). LRLN - left recurrent 
laryngeal nerve; T - trachea; * - point of 
entry into foramen transversarium; L - lat-
eral; M - medial; S - superior; I - inferior. (b) 
Another VA with an anomalous origin from 
the arch of the aorta. The VA has a highly 
tortuous course. CCA - common carotid 
artery; T - trachea; TH - thyroid gland; VN - 
Vagus nerve; * - point of origin of VA from 
the arch of aorta. L - lateral; M - medial; S - 
superior; I - inferior. 
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left side, as has already been mentioned. Both 
the arteries arose from the cranial aspect of the 
SA. Three (4.5%) of the arteries had a stenotic 
segment within a centimetre of their origins, while 
one artery (1.5%) had a dilatation close to its 
origin. No significant side or gender differences 
were noted in the site of origin of the VA (Table 1). 

 
Tortuosity 

The V1 segment was tortuous in a little more 
than half of the necks. Of these, this was in most 
of the instances mild in nature (Table 1). How-
ever, on the right side, a moderate degree of 
tortuosity was noted more commonly (Table 1). A 
high degree of tortuosity (Fig. 1) was observed 
much less often (Table 1). No significant side or 
gender differences were found. 

 
Level of entry into the cervical column 

The pre-vertebral segment of the VA entered 
the FT of C6 in a large majority of the cases. 
The other levels of entry noted were the FT of C5 
or C7 (Table 1). In the cadaver with the duplicated 
VA on the left side, one of the arteries entered 
the FT of C6 while the other artery on the same 
side entered the FT of C7. In the same cadaver, 
the VA entered the FT of C7 on the right side. 
Entry into the FT of C5 was only noted on the 
right side (Table 1). One of these VA arteries 
arose from the thyrocervical trunk. Though 
anomalous entries were noted more frequently in 
females (2 of 18, 11%), this was not significantly 
different from males (1 of 46, 2%). 

 
Length and external diameter 
 

The mean length of the V1 segments was signifi-
cantly greater on the left side (Table 1). The length 
of V1 was greater on the left side in 24 of 32 

(75%) necks. Though the mean length of V1 in 
males was greater (3.9 ± 1.5 cm) than females 
(3.3 ± 1.2 cm), this was not significant. The mean 
external diameters of the V1 segments were great-
er on the left side but not significantly so (Table 
1). In 20 of 32 (62%) cadavers, the diameters 
were greater on the left side. Males had a signif-
icantly greater (p=0.05) external diameter (4.4 ± 
0.8 mm) as compared to females (3.9 ± 1 
mm). A slightly higher but not significant pro-
portion of hypoplastic arteries were noted on the 
right side (Table 1). Females had a greater pro-
portion of hypoplastic V1 segments (5 of 18, 
28%) compared to males (6 of 46, 13%), though 
this was not significant. Hypoplastic arteries were 
noted bilaterally in only one cadaver. In the ca-
daver with a duplication of the VA on the left side, 
one of the arteries was observed to be hypo-
plastic. 

 
DISCUSSION 

 
Origin 

An anomalous origin of the left VA is more com-
mon than that of the right VA (Cavdar and Arisan, 
1989). The prevalence of an anomalous origin is 1 
to 3% on the right side and 5% on the left side 
(Cavdar and Arisan, 1989; Yamazaki et al., 
2004). In the present study an anomalous origin 
was noted in 3% of the VA on the right side and 
6% on the left side with an overall prevalence of 
4.5%. In a previous large study, the VA was 
found to arise from the cranial and dorsal aspects 
of the SA in almost equal proportion (Matula et al., 
1997). 

However in the present study, most of the VA 
(88%) arose from the cranial aspect of the SA. Of 
the anomalous origins of the left VA, an origin 
from the aortic arch is by far the most common, 

Table 1. Descriptive statistics and side differences in the vertebral artery between the categorical and  
numerical variables. 

Parameter Combined n=67 Right n= 32c Left n = 32c p value* 

Origin 
CS DS A        TC 
57 7          2         1 

(85%) (10.5%)  (3%)  (1.5%) 

CS DS A TC 
25 6 0 1 

(78%)  (19%)                (3%) 

CS DS A TC 
29  1 2            0          

  (91%)   (3%)  (6%)                     
0.380a 

Level of entry into FT 
C5         C6   C7 
 3          62            2 

(4.5%) (93%)   (2.5%) 

C5          C6 
3             29 

(9%)              (91%) 

C5 C6 
 0 32 

              (100%) 
0.083a 

Tortuosity 
No       Mild  Mod    Highly 
30 19       12           6 
(45%) (28%) (18%)   (9%) 

No Mild    Mod     Highly 
  15           6         8            3     
 (47%)   (19%) (25%)    (9%) 

No        Mild      Mod    Highly 
13  12     4     3
(41%) (37.5%) (12.5%) (9%) 

0.637a 

Length (cm) Mean ± 
SD (Range) 

3.7 ± 1.5 
(1.7 – 10.12) 

3.4 ± 1.2 
(1.92 – 8.21) 

4.1 ± 1.7 
(1.7 – 10.12) 0.002b 

Diameter (mm) Mean 
± SD (Range) 

4.2 ± 0.9 
(1.8 – 6.44) 

4 ± 0.8 
(1.8 – 5.67) 

4.3 ± 1.6 
(2.32 – 6.44) 0.169b 

Hypoplasia 
Present Absent 

12          55 
(18%)               (72%) 

Present Absent 
6            26 

(19%)               (81%) 

Present Absent 
5            27 

(18.5%) (81.5%) 
0.739a 

A – arch of aorta; CS – cranial aspect of subclavian artery; DS – dorsal aspect of subclavian artery; TC – thyrocervical trunk; C5, C6, C7 – 
foramen transversaria of the 5th, 6th and 7th cervical vertebrae; Mod – moderate; cm – centimeters; mm – millimeters; SD – standard 
deviation; * - p value ≤ 0.05 is considered significant; a – Wilcoxon signed rank test; b – Paired t test; c – The cadaver with a duplicated 
VA on the left side was excluded for estimating side differences. 
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as noted in the present study. The anomalous 
origin of the right VA from the thyrocervical 
trunk does not fall under any of the categories 
previously described (Lemke et al., 2009). This 
variant has been described in detail by the pre-
sent authors as a case report (Veeramani and 
Shankar, 2011). 

Duplication of the VA on either side has been 
described in the literature (Bergman et al., 1988). 
A duplicate origin of the left VA has been de-
scribed from the arch of the aorta and the left SA 
(Cheng et al., 2009). If a duplicated VA is seen on 
the right side, both commonly arise from the SA 
(Lie, 1972; Cavdar and Arisan, 1989). Double ori-
gins from the SA and the brachiocephalic trunk or 
thyrocervical trunk have also been described 
(Kiss, 1968; Lippert and Pabst, 1985). In the pre-
sent study, a double origin of the VA from the SA 
was noted on the left side. In the present study, 
4.5% of the arteries showed stenotic segments 
near their origins, which is similar to a previous 
study which showed a prevalence of 5.4% 
(Kumar Dundamadappa and Cauley, 2013). 

 
Tortuosity 

Tortuosity of the V1 segment is not uncommon, 
with previous large studies showing prevalence 
varying from 27% to 47.5% (Tschabitscher et al., 
1991; Matula et al., 1997; Curylo et al., 2000). 
The proportion of V1 segments showing tortuosity 
in the present study was 55%, though in a ma-
jority of these the tortuosity was of a mild de-
gree. In a previous study, tortuosity was classi-
fied according to the geometric plane as horizon-
tal, sagittal and transverse (Matula et al., 1997). 
However, in the present study tortuosity was 
classified as mild, moderate or high, as it was 
often difficult to define the plane of tortuosity. 
Another possibility to be considered is that the tor-
tuosity might have been due to problems with ei-
ther fixation or conservation. 

 
Level of entry into cervical column 

The VA may enter the FT of the second to the 
seventh cervical vertebra (Fazan et al., 2004). 
Previous large studies have shown that the VA 
enters the FT of C6 vertebra in over 90% of indi-
viduals, which is similar to the present study 
(Adachi, 1928; Eskander et al., 2010). In the re-
maining individuals, the point of entry is usually at 
the level of C5. Some authors have reported that 
entry into C4 vertebra as being more frequent than 
C7 (Adachi, 1928; Eskander et al., 2010), while 
others have observed the converse (Cavdar and 
Arisan, 1989). The present study found an 
equal prevalence of entry into C5 and C7 vertebra 
at 3%. There are also few reports in the literature 
in which the VA does not pass through the FT of 
the cervical vertebrae (Vincentelli et al., 1991). 

 
Length and external diameter 

In the present study, the length of the V1 seg-
ment of the VA was significantly greater on the 
left as compared to the right. This could possibly 
be attributed to the fact that the VA arises from 
the arch of the aorta more commonly on the left 
side as compared to the right, contributing to an 
increased mean length on that side. The asym-
metric origins of the SA on the right and left 
sides may also be a plausible explanation for 
differences observed in the length of the V1 seg-
ment, though this needs further investigation. 

The left V1 segment usually has a wider calibre 
as compared to the right (Bergman et al., 1988; 
Dodevski et al., 2011). In the present study, though 
mean diameters were greater on the left side, this 
was not significant. A survey of the literature 
shows that the mean diameter of the left VA is 
usually greater than the right (Dodevski et al., 
2011). Another study showed that the left VA was 
dominant in 48% of the cases, while the right VA 
was larger in 14% (Touboul et al., 1986). Other 
studies have noted that the left VA is larger than 
the right in 42-51% of subjects and right larger 
than the left in 32-41% (Fisher et al., 1965; 
Thevenet and Ruotolo, 1984). The prevalence of 
hypoplasia was found to be between 6% to 
28% in previous studies (Ranganath and Manju-
nath, 2006; Chuang et al., 2008; Eskander et 
al., 2010; Peterson et al., 2010). The prevalence in 
the present study falls within this range. 

 
Limitations 

The exact age of the cadavers was not 
known. If this information was available, it could 
have provided some insight into the age changes 
in the V1 segment. The number of female ca-
davers studied was low compared to the males. 
Thus the study may not have been adequately 
powered to pick up significant gender differ-
ences. In spite of this, significant gender differ-
ences were noted in the external diameters of the 
V1 segments. 

In conclusion, the present study described the 
anatomical variations of the V1 segment of the VA 
in Indian cadavers and documented side and 
gender differences. These variations of the V1 
segment of the VA need to be kept in mind 
during imaging and for the safe performance of 
anterior spine procedures. 
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