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ABSTRACT
Arterial variations are always very commonly seen in different arteries of the body and they are very important from surgical and 
diagnostic point of view. Aim of this study is to find variations in the origin and course of vertebral artery. The vertebral arteries 
are major arteries of the neck. The vertebral arteries and their major branches, i.e. vertebro-basilar system, essentially supply 
blood to the upper spinal cord, the brain stem and cerebellum and variable parts of posterior cerebral hemispheres. Different 
types of variations in the origin and course of vertebral artery were found .The operative indications for surgery in the cervical 
region include spondylosis, a herniated inter-vertebral disc, tumour, infection and trauma. . So, apart from understanding the 
clinical implications, the data which is derived from the gross anatomical dissections of cadavers can be a useful guideline to the 
surgeons for careful pre-operative planning in cases with an unusual course of vertebral artery and can help them in avoiding 
potentially life threatening complications1. 
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INTRODUCTION

The vertebral arteries are major arteries of the neck. The ver-
tebral arteries and their major branches, i.e. vertebro-basilar 
system, essentially supply blood to the upper spinal cord, the 
brain stem and cerebellum and variable parts of posterior 
cerebral hemispheres.

The vertebral arteries are normally derived from the subcla-
vian arteries. After taking origin from the subclavian arteries; 
the vertebral arteries ascend through the neck in the foramina 
transversaria from C6 upwards up to C1 vertebrae (i.e. C6-
C1) and enter the cranial cavity through the foramen mag-
num, close to the anterolateral aspect of the medulla. They 
converge medially as they ascend the medulla and unite to 
form the midline basilar artery at approximately the level of 
the junction between the pons and medulla. The course of the 
vertebral artery is divided into four parts as follows:

First part-The first part extends from its origin from the 
subclavian artery to reach the transverse process of C6.

Second part-The second part runs upward through the fora-
men transversarium of the C6 to C1 vertebrae.

The third part lies in the suboccipital triangle. It emerges 

from the foramen transversarium of C1, winds around the 
posterior aspect of the lateral mass of atlas, runs medially 
lying on posterior arch of C1 and enters the vertebral canal. 
The fourth part extends from the posterior atlanto-occipital 
membrane to the lower border of pons. In our study we will 
be dealing with the first and second part of the vertebral ar-
tery. 

Numerous variations are found in the origin of the vertebral 
artery as well as in its course i.e. its passage through the fo-
ramina transversaria of cervical vertebrae. Normally it enters 
into the foramen transversarium of C6 and passes upwards 
but sometimes it may enter into foramen transversarium of 
any other cervical vertebrae. Also, sometimes the vertebral 
artery takes its origin directly from the arch of aorta instead 
of subclavian artery. These type of variations, if present, are 
very important from the diagnostic as well as surgical point 
of view.

The operative indications for surgery in the cervical region 
include spondylosis, a herniated inter-vertebral disc, tumour, 
infection and trauma. The failure to recognize the anoma-
lies during the preoperative planning can lead to surgical 
complications. The laceration of the vertebral artery is the 
most challenging surgical dilemma which is faced during 
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anterior cervical spinal surgery. So, apart from understand-
ing the clinical implications, the data which is derived from 
the gross anatomical dissections of cadavers can be a useful 
guideline to the surgeons for careful pre-operative planning 
in cases with an unusual course of vertebral artery and can 
help them in avoiding potentially life threatening complica-
tions1.

MATERIAL AND METHODS

Cadavers embalmed in 10% formalin from Department of 
Anatomy, Dr. D.Y. Patil Medical College formed the arma-
mentarium of the study. 40 cadavers were dissected to study 
the variations in the origin and course of the vertebral artery. 
Dissection was carried out in the scaleno-vertebral region 
(between the scalenus anterior and the longus colli muscles) 
on both the sides, so a total of 80 vertebral arteries were dis-
sected. The prevertebral segment of the vertebral artery as 
well as the entrance and course of vertebral artery into fo-
ramina transversaria was studied in detail. Variations in the 
origin as well as course of vertebral artery were noted and 
photographs were taken.

Observations and Results
Numerous variations were found in the origin and course of 
vertebral artery. These variations were noted down as fol-
lows.

Variations in the origin of vertebral artery
Variations in the origin of vertebral artery were found in four 
cases out of 40 cases dissected.

•	 Left	 vertebral	 artery	was	 arising	 as	 a	 common	 stem	
with Subclavian artery from the arch of aorta in one 
case. The common stem was measuring about 1cm in 
length (Figure 1)

•	 Left	Vertebral	artery	was	arising	directly	from	the	arch	
of aorta instead of arising from Subclavian artery in 
three cases. In all the three cases the vertebral artery 
arose as a third branch of arch of aorta, between left 
common carotid artery and left subclavian artery. (Fig-
ure 2)

Variations in the course of the vertebral artery
Variation in the course of vertebral artery were found in four 
cases.

In two cases the variation in the course of vertebral artery 
was found to be unilateral.

•	 Left	 vertebral	 artery	 was	 entering	 into	 the	 foramen	
transversarium of C4 in two cases .In the same case 
the course of right Vertebral artery was normal. (Fig-
ure 3)

Two cases showed the bilateral variation in the course of ver-
tebral artery.

•	 Right	sided	vertebral	artery	was	entering	into	the	fora-
men transversarium of C5 while on the left side it was 
entering into the foramen transversarium of C7 in both 
the cases.(Figure 4)

DISCUSSION 

Panicker HK (2002) reported the origin of vertebral artery 
from	arch	of	aorta	in	5	percent	of	cases,	while	.	Gorey	AR		
(2005) et al stated that  the most frequent variant is the left 
vertebral artery arising directly from arch of aorta  between 
left common carotid and left subclavian arteries which ac-
counts	 to	 about	 2.4-5.8	 percent	 of	 cases.	 Nayak	 SR	 et	 al	
(2006) reported the classical branching pattern of the aortic 
arch i.e.the left vertebral artery arising from the arch of aorta 
in 1.6%  of the cases. C Bhattarai et al (2010) had studied 85 
cadavers in Nepalese to find out  6 (7%) cases left vertebral 
artery  was arising from arch of aorta. In the present study 
the vertebral artery originated from the arch of aorta in 7.5% 
of cases. In this study it was also observed that there was 
a common stem for left subclavian artery and left vertebral 
artery, arising from arch of aorta. This type of variation was 
observed in 2.5% cases. 

M. Bruneau et al  (2006) studied  500 vertebral arteries, they 
observed an abnormal level of entrance into foramen trans-
versarium in 7% specimens (35 cases), with a level of en-
trance into the C3, C4, C5, or C7 foramen transversarium 
respectively in 0.2%, 1.0%, 5.0% and 0.8% of all specimens. 
Seventeen abnormalities were right sided and 18 were left 
sided. Thirty-one out of 250 cases had a unilateral anomaly 
and two had a bilateral anomaly. 

Kajimoto BHJ et al (2007) in his study described variations 
of vertebral artery entering the transverse foramen of seventh 
cervical vertebra (C7) to be 7.5%. 

Aprajita Sikka and Anjali Jain (2012) found the origin of left 
vertebral artery from the arch of aorta between the left com-
mon carotid artery and the left subclavian artery and entered 
the foramen transversarium of the fourth cervical vertebra 
.The origin of the right vertebral artery was also variable in 
the same cadaver. It took origin from the right subclavian 
artery at the junction of its origin from the Brachiocephalic 
trunk.  It then ascended to enter the foramen  transversarium 
of the third cervical vertebra.

	Rawal	Jitendra	D	et	al	2012	12 dissected 50 vertebral arteries, 
and found 46 vertebral arteries entering the transverse fora-
men of the sixth cervical vertebra (92 %) and 4 of them en-
tering transverse process of seventh cervical vertebra (8%).



Int J Cur Res Rev   | Vol 7 • Issue 14 •  July 201587

Sonje et. al.: Study of variations in the origin and course of vertebral artery

In this study also entrance of vertebral artery into different 
foramina transversaria other than normal i.e. C6 was found. 
Vertebral artery was entering into the foramen transversari-
um of C7 was found in 5% of cases. Vertebral artery entering 
into the foramen transversarium of C5 was observed in 5% 
of cases. Also we observed the entrance of vertebral artery 
into foramen transversarium of C4 in 5% cases.

Embryological explanation- At the end of the third week of 
development, small posterolateral sprouts arise from the dor-
sal aorta at the cervical through sacral level and grow into 
spaces between the developing somites. In the cervical re-
gion, the intersegmental sprouts form vertical  anastomosis 
with each other, secondarily lose their intersegmental con-
nections  to form vertebral arteries.12

Also in the fourth week of development vertebrae are formed 
from the sclerotomes. Due to resegmentation of the scler-
otomes, intersegmental arteries at first lying between the 
sclerotomes now pass midway over vertebral bodies .When 
the vertebral arch fuses with body, the vertebral artery, 
formed from intersegmental anastomosis is enclosed into fo-
ramina transversaria of cervical vertebrae. Alteration in this 
development leads into entry of vertebral artery into differ-
ent foramina transversaria.13 

CONCLUSION 

Variations in the origin of left vertebral artery are neces-
sary and beneficial for planning of aortic arch surgery or 
endovascular interventions, surgical procedures that would 
necessitate exposure of vertebral artery, include repair of an-
eurysms, excisions of cranio-cervical junction masses, ver-
tebral endarterectomy, vertebral artery bypass surgery, and 
bony decompression of the vertebral artery. Also, an anatom-
ical variations in vertebral artery, if missed, can lead to cata-
strophic sequelae in surgeries like atlanto-axial transarticular 
screw	fixation,	anterior	cordectomy.	Advances	in	technology	
have increased our knowledge regarding different variations 
in our body and an awareness regarding them can help avoid 
unwanted complications during various interventions 14. 

SUMMARY

The vertebral arteries are major arteries of the neck. The ver-
tebral arteries and their major branches, i.e. vertebro-basilar 
system, essentially supply blood to the upper spinal cord, the 
brain stem and cerebellum and variable parts of posterior 
cerebral hemispheres. Numerous variations are found in the 
origin of the vertebral artery as well as in its course. These 
are clinically and diagnostically important, were studied. 
Summary of findings is tabulated in Table no. 4 and Table 
no. 5
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Table 1: Variations in the course of vertebral artery

Specimen No. Side Entrance of vertebral artery 
into foramen transversari-
um of the cervical vertebraRt. Lt.

10 - √ C4

15 - √ C4

24 √ - C5

24 - √ C7

31 √ - C5

31 - √ C7

Table 2: Percentage of Left vertebral artery arising from arch 
of aorta

Different workers Percentage of Left vertebral artery 
arising from arch of aorta

Panicker HK 2002 5%

Gorey AR  2005 2.4-5.8 %

Nayak SR et al 2006  1.6%  

C Bhattarai et al 2010 7%

In the present study 7.5%

Table 3: Comparison of variations in the course of vertebral 
artery: 

Previous workers Entrance of vertebral 
artery into foramina 
transversaria

Percentage

M. Bruneau et al  2006 C3, C4, C5, or C7 respectively 
in 0.2%, 1.0%, 
5.0% and 0.8%

Kajimoto BHJ et al 
2007

C7 7.5%. 

Aprajita Sikka and 
Anjali Jain 2012

C3  C4 3%, 5%

Rawal Jitendra D et al 
2012

C7 8%

Present study C4 ,C5 ,C7 5%,5%,5%

Table 4: Summary of variations in the origin of vertebral artery 
in present study:

Serial No Variation Percentage

1 Left vertebral artery arising from 
arch of aorta

7.5%

2 Common stem for left vertebral 
artery and subclavian artery from 
the arch of aorta.

2.5%

Table 5: Summary of variations in the course of vertebral ar-
tery in present study

Entrance of vertebral artery into foramen 
transversarium of the cervical vertebra

Percentage

C4 5%

C5 5%

C7 5%
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Figure 1: Left vertebral artery arising as a common stem with 
Subclavian artery from the arch of aorta. The common stem 
measuring about 1cm in length

Abbreviations- RVA- right vertebral artery , LVA – left vertebral 
artery , LSCA- left subclavian artery , BCT –brachiocephalic 
trunk , LCCA- left common carotid artery, CS –common stem , 
AOA- arch of aorta

Figure 2: Left Vertebral artery arising directly from the arch of 
aorta instead of arising from Subclavian artery.

Abbreviations -RVA- right vertebral artery , LVA – left vertebral 
artery , LSCA- left subclavian artery , BCT –brachiocephalic 
trunk , AOA- arch of aorta, RSCA- right subclavian artery, T – 
trachea , RCCA- right common carotid artery.

Figure 3: Left vertebral artery entering into the foramen trans-
versarium of C4 while the course of right Vertebral artery was 
normal

Abbreviations - RVA- right vertebral artery , LVA – left vertebral 
artery, TTP C6- tubercle of transverse process of sixth cervical 
vertebra, C4 –fourth cervical vertebra.
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Figure 4: Right sided vertebral artery entering into the foramen transversarium of C5 while on the left side it was entering into 
the foramen transversarium of C7.

Abbreviations -RVA- right vertebral artery , LVA – left vertebral artery , LSCA- left subclavian artery, C5, C6,C7- fifth ,sixth and 
seventh cervical vertebra.


