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Knowing of the level of carotid artery bifurcation (CB) is important for vascular 
surgery in the neck, radical neck dissections, carotid sinus baroreceptor stimulation, 
catheterisations, and aneurysms. The aim of this study was to determine the CB 
level in relation with the cervical vertebral levels, compare them on the right and 
the left sides, and investigate the relation of CB level with the length of neck. In this 
study, 100 conventional carotid angiographies were performed. The CB level was 
determined in relation with 10 different levels which were the levels of the cervical 
vertebrae and intervertebral disks, and the relation of CB level with the length of 
neck was investigated. The right and left CB levels of the patients were also deter-
mined, and compared. The highest level of CB was at the level of C2 vertebra, and 
the lowest level of CB was at the level of C6–C7 intervertebral disk in both male 
and female. When all patients were taken into consideration, CB level was most 
frequently seen at the level of C4–C5 (29%) on the right side, and at the level of 
C4 (26%) on the left side. The CB levels were not symmetrical in 10 female and 
23 male. Knowing of the anatomical variations of CB level is important in surgical 
procedures. The anatomical differences must be taken into consideration since 
the neighbouring structures of CB change in case of variations. We believe that 
the results of this study will shed light to planning of all interventional methods 
concerning common carotid artery and its branches as well as surgery in the neck, 
and will help to minimise the complications. (Folia Morphol 2015; 74, 2: 206–211)
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INTRODUCTION
Carotid bifurcation (CB) is the natural end of com-

mon carotid artery (CCA) which is the largest artery of 
the neck, and it originates from the brachiocephalic 
trunk on the right side, and directly from the aortic 
arch on the left side CCA, internal carotid artery (ICA) 
and external carotid artery (ECA) are the main arteries 
supplying head and neck [5, 14]. ICA begins at the 
end of the CCA, at the level of superior margin of 
the thyroid cartilage, and terminates in the middle 

cranial fossa by dividing into the anterior and middle 
cerebral arteries. ECA arises from the CCA at level of 
the upper border of the thyroid cartilage, somewhat 
medial to, and in front of, ICA [5]. ECA and its rami are 
known to supply the neck, face, head, as well as dura 
mater. Therefore, the rami of ECA may be involved 
in a number of diseases of interest to laryngologists, 
ophthalmologists, radiologists, neurosurgeons, pla-
stic surgeons, and oral surgeons [25]. CB usually lies 
at the level of the C4 vertebra or the upper border of 

The data of this study were used in the poster presentations on International Journal of Experimental and Clinical Anatomy 9th–11th July, 2010, 
Czech Republic.
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the thyroid cartilage, however it may be seen as low 
as the level of the T3 vertebra or as high as the hyoid 
bone [24]. CCA was found to be absent; instead, the 
external and ICAs aroused directly from the innomi-
nate artery or the aortic arch. It is extremely rare that 
the CCA ascends in the neck without undergoing  
bifurcation. Morimoto et al. [17] presented such  
a case in whom the non-bifurcating left carotid artery 
gave origin to all branches normally given off by the 
ECA, and subsequently constituted the ICA [17]. In 
head and neck surgery, CCA and its bifurcation level 
are important landmarks, defining the plane of the 
dissection during radical neck surgery [1]. Differential 
diagnosis requires the awareness of possible changed 
topography of the structures like carotid sinus (CS), 
and the dilation of CCA CB is the most common site of 
atherosclerotic plaque formation [1, 22]. Determining 
the CB level accurately with non-invasive techniques 
is still an important goal, and external anatomical 
landmarks can be clinically useful for predicting the 
localisation of it. There is still no consensus among 
various anatomy texts regarding the relationship of 
CCA and the neighbouring structures [19]. A clear 
understanding of the anatomy is essential to minimise 
surgical morbidity and mortality in patients undergo-
ing operations involving the CCA [13]. 

The aim of this study was to determine the CB 
level in relation with the cervical vertebrae, compare 
them symmetrically, and investigate relation of CB 
level with the length of neck. 

MATERIALS AND METHODS
This study was performed retrospectively on 

conventional angiography images of 100 (68 males,  
32 females) patients between the ages of 22 and  
91 years, in Radiology Department of Başkent Univer-
sity Faculty of Medicine. Our study was approved by 
Baskent University’s Institutional Review Board (KA 
14/19), and supported by Baskent University Research 
Fund. Digital subtraction angiography (DSA) device 
(Siemens Artis Zee monoplan) was used. The patients 
were prepared under standard sterile conditions on 
the angiography table, in the Interventional Radiology 
Department. Following local anaesthesia, a 4 F or 5 F 
introducer was placed into the right or left common 
femoral artery, 4 F pig-tail catheter glide was advan-
ced into the aortic arch through the guidewire, and 
aortic arch aortography was performed. Later, the 
branches were selectively catheterised using Simon 
1 and Simon 2 catheters. The images obtained were 

installed into CT Leonardo, MR Satellite work stations, 
and the measurements were made. The patient’s head 
was held still using a strap in neutral position during 
the procedure. Radiograms obtained in all other po-
sitions (hyperextension, lateral rotation etc.) except 
neutral position were excluded from the study. In each 
patient, a lateral (left or right) and an oblique (left 
or right) radiogram were obtained during selective 
CCA injections. In some cases, an anteroposterior 
radiogram was also added. 

The level of CB was determined in two or more 
projections in each patient. The level of CB was iden-
tified with relation to the levels of the cervical verte-
brae, and the patients’ neck lengths were determined. 
The vertebral levels were determined as C2, C2–3, C3, 
C3–4, C4, C4–5, C5, C5–6, C6, and C6–7, and CB levels 
were determined with relation to those levels (Fig. 1).  
The distance between the angle of the mandible 
and midpoint of the clavicle was used to measure 
the length of neck (Fig. 2). All measurements were 
performed bilaterally, by the same investigator. The 
patients who had surgery in their neck or interven-
tions directed to CCA or its branches were excluded. 
In addition, presence of hyperextension or excessive 
lateral rotation of the neck during the procedure was 
also regarded as exclusion criteria.

Statistical analysis

The analysis of data was performed using SPSS 
17.0 (SPSS Ver. 17.0, Chicago IL, USA) statistical pack- 

Figure 1. Carotid bifurcation level, determined in relation to cervical 
vertebra levels.
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age program. The normality of the distribution of 
the variables was analysed with Shapiro-Wilk test. 
The homogeneity of the group variances was analy-
sed with Levene test. Student’s t-test was used for 
comparison of the means of parametric variables 
between two independent groups. The means of two 
dependent groups were compared using paired t-test. 
The medians of two independent groups’ parameters 
that did not fulfil the prerequisites for the parametric 
tests were compared with Mann-Whitney U test. The 
medians of dependent groups were compared with 
Wilcoxon test. The correlations among the variables 
were analysed with Spearman rho correlation coef-

ficient. The categorical variables were presented as 
frequency (n) and per cent (%). P < 0.05 was regarded 
as statistically significant. 

RESULTS 
The levels of CB were analysed on angiographic 

images of in 68 males and 32 females. The ages of the 
females were between 32 and 97 (mean 70.47 ± 13.84) 
years, and the ages of the males were between 34 and 
92 (mean 73.12 ± 12.86) years, without any significant 
difference in between (p = 0.416). The length of the 
neck was 57–114 mm (77.59 ± 13.63 mm) in females, 
and 45–108 mm (76.19 ± 12.17 mm) in males, without 
any significant difference in between (p = 0.982).

The level of CB was determined in relation to the 
levels of the cervical vertebrae in all patients. In female, 
the highest level of CB was at C2–3 intervertebral disk 
level on the right side (3.1%), and the lowest level of CB 
was at the level of C6–C7 intervertebral disk level on the 
left side (3.1%). In male, the highest level of CB was at 
the level of C2 on the right side (2.9%), and the lowest 
level of CB was at the level of C6–C7 intervertebral disk 
level on the right side (1.5%). When all patients were 
taken into consideration, CB level was most frequently 
seen at the level of C4–C5 (29%) on the right side, and 
at the level of C4 (26%) on the left side (Table 1).

The left and right CB levels were compared be-
tween two genders. For this, we grouped our data 
into three groups as CB level at C2–4, C4–6 or C6 
and lower. We compared the symmetricity of the CB 
levels both in male and female. The level of CB was 
symmetrical at the level of C2–4 vertebrae in 9.4%, 

Table 1. Computed tomography (CT) angiography images of variation in carotid bifurcation location. The location of CT the correspon-
ding level of cervical vertebrae

Level of cervical 
vertebrae

Female (n = 32) Male (n = 68 Total (n = 100)

Right side Left side Right side Left side Right side Left side

C2 – – 2 (2.9%) – 2 (2%) –

C2–C3 1 (3.1%) – 1 (1.5%) – 2 (2%) –

C3 2 (6.3%) 4 (12.5%) 2 (2.9%) 4 (5.9%) 4 (4%) 8 (8%)

C3–C4 3 (9.4%) 5 (15.6%) 6 (8.8%) 10 (14.7%) 9 (9%) 15 (15%)

C4 6 (18.8%) 9 (28.1%) 14 (20.6%) 17 (25%) 20 (20%) 26 (26%)

C4–C5 10 (31.3%) 4 (12.5%) 19 (27.9%) 15 (22.1%) 29 (29%) 19 (19%)

C5 7 (21.9%) 6 (18.8%) 19 (27.9%) 18 (26.5%) 26 (26%) 24 (24%)

C5–C6 1 (3.1%) 2 (6.3%) 1 (1.5%) 4 (5.9%) 2 (2%) 6 (6%)

C6 2 (6.3%) 1 (3.1%) 3 (4.4%) – 5 (5%) 1 (1%)

C6–C7 – 1 (3.1%) 1 (1.5%) – 1 (1%) 1 (1%)

Figure 2. The distance between the angle of the mandible and 
midpoint of the clavicle was used to measure the length of neck; 
MA — mandibular angle; MPC — midpoint of clavicle; NL — neck 
lenght.
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at the level of C4–6 vertebrae in 34.4%, and at the 
level of C6 or lower in 21.9% of the female (Table 2). 
In male, it was situated bilaterally at the level C2–4 in 
5.9%, at the level of C4–6 in 48.5%, and at the level 
of C6 or lower in 11.8% of the patients (Table 3).  
The relation between the length of the neck and the 
level of CB was analysed, however any statistically 
significant correlations could not be found (p = 0.342 
for right side, and p = 0.101 for left side). 

DISCUSSION
The variations of the carotid artery have been 

usually studied in cadaver studies, and carotid angio-
graphic studies, and there are also some case reports 
of variations determined during neck surgery [10, 11, 
16, 21, 24]. Our research is an angiographic variation 
study performed on 100 patients. Different from the 
other studies, we investigated the CB level in more 
detail, in relation with 10 different levels of cervical 
vertebrae. In addition, we compared sides (left–right), 
and investigated the relation between CB level and 
the length of neck. 

Carotid artery injury is a rare but potentially deva-
stating event that can occur during anterior cervical 
approaches. When a neurosurgeon encounters a low-
-lying bifurcation of the CCA during anterior neck 
dissection, use of an operating microscope might be 
helpful for preventing injury. A lower location of the 
CB may obviate some manipulations during anterior 
cervical approach such as placement of an artificial 

disc or cage to the intervertebral space on account 
of its wider transverse diameter. The information on 
CB is also important for the interventions performed 
in the CS [12, 14]. In individuals that display superior 
or inferior CB position, the internal pressure trans-
mission at CS region changes and an external neck 
pressure stimulus causes an attenuated response 
in those people when compared to the individuals 
with a CS located in the middle part of the neck 
[18]. Therefore, it is important to know the location 
of CS during cervical lymph node palpation due to 
likelihood of syncope during this examination [12]. 

The CB is most commonly located between the C3–4 
and C4–5 levels, but it may be at any cervical level [5]. In 
our 100 patients, CB level was most frequently located 
at the level of C4 (in 26% of the patients) on the left 
side, and at the level of C4–C5 intervertebral disk level 
(in 29% of the patients) on the right side. On the other 
hand, CB was above the level of C4 on the right side of 
17, and on the left side of 23 patients. The bifurcation 
level was above C4 level in 9.4% of the female and 5.9% 
of the male, when both sides were taken into account. 
A bifurcation level above C4 level was reported in 2.4% 
of the patients in Klosek and Rungruang’s [12], in 1% 
of the patients in Gluncic et al.’s [6], and in 10% of the 
patients in Anu et al.’s [2] studies.  

A high CB level is important since a close neighbo-
urhood to hypoglossal nerve and superior cervical 
ganglion occurs in this case. Hayashi et al. [8] repor-
ted that bifurcation of the CCA was located near the 

Table 3. The symmetricity of the carotid bifurcation levels in male

Right Left

C2–4 C4–6 C6 and below Total

C2–4 4 (5.9%) 6 (8.8%) 1 (1.5%) 11 (16.2%)

C4–6 6 (8.8%) 33 (48.5%) 2 (2.9%) 41 (60.3%)

C6 and below 3 (4.4%) 5 (7.4%) 8 (11.8%) 16 (23.5%)

Total 13 (19.1%) 44 (64.7%) 11 (16.2%) 68 (100%)

Table 2. The symmetricity of the carotid bifurcation levels in female

Right Left

C2–4 C4–6 C6 and below Total

C2–4 3 (9.4%) 3 (9.4%) 0 (0%) 6 (18.8%)

C4–6 4 (12.5%) 11 (34.4%) 1 (3.1%) 16 (50.0%)

C6 and below 1 (3.1%) 2 (6.3%) 7 (21.9%) 10 (31.3%)

Total 8 (25%) 16 (50%) 8 (25%) 32 (100%)
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inferior part of the C3 vertebral body in Japanese 
individuals. Ito and associates reported a high com-
mon CB in 25 (31.2%), a standard bifurcation (C4) in 
46 (57.5%), and low bifurcation in 9 (11.3%) patients 
in their series of 80 cases [9].

Klosek and Rungruang [12] performed a study 
on 43 cadavers, and found the absence of ECA uni-
laterally in 4, and bilaterally in 4 cases. Bregman et 
al. [3] also reported the absence of ECA. We did not 
encounter absence of CB in any of our patients. 

Anu et al. [2] determined the level of CB according 
to the levels of cervical vertebrae in a total of 95 ca-
davers. In their study, they found CB at the level of 
C3 in 50%, C4 in 40%, and C2 in 10% of the cases 
on the right side; and at the level of C3 in 55%, C4 
in 35%, C5 in 1%, and C2 in 9% of their cases on the 
left side. In our study, we did not find this high C3 
level in either male or female, or either on the left or 
the right sides (females 6.3–12.5%, males 2.9–5.9%). 
The reason for this may be a more detailed cervical 
vertebral level determination in our study. 

Gulsen et al. [7] found that CB bifurcation was at 
the level of C6–C7 on the right side, and at the level 
of C5–C6 on the left side during neck dissection of  
a 42-year-olde woman. In their clinical experience, 
high bifurcation of the CCA did not cause any prob-
lems regarding anterior cervical discectomy, but a low 
bifurcation may cause some problems if surgeon is 
not careful. In our study, we found that CB level was  
at C6 level or below in 15% of the patients. Toyo-
ta et al. [23] performed an angiographic study on  
147 patients, and found that CB was at the level of 
C3 in 81.6% (n = 240) of the cases. This rate is quite 
high when compared to our results. In our study, we 
found CB at C3 level in 4% of the cases on the right 
side, and in 8% of the cases on the left side. 

The embryology of carotid arteries may explain 
variations of CB location as well as existence of only 
one arterial trunk. CCA and the proximal part of ICA 
develop at the level of the third aortic arch, and the 
rest of ICA develops from cranial portion of dorsal aor-
ta. However, ECA branches from the third aortic arch. 
Thus, the position of the CB depends on how low or 
high ECA originates from the third aortic arch [3, 5]. 

If ECA originates close to the aortic sac, the level 
of CB appears low; on the contrary, if ECA originates 
either at the top of the third aortic arch or directly ori-
ginates from dorsal aorta, CB appears high. Moreover, 
the development of ICA from the second aortic arch 
and parts of dorsal aorta with simultaneous formation 

of ECA from small canals obtained by obliteration of 
the first aortic arch may shift the CB higher [20]. Very 
high position of CB (in the cranium) or disproportional 
growth of some segments of carotid tree could ex-
plain the observations of no CB found in some cases. 
Zümre et al. [25] investigated the CB level bilaterally 
in 40 foetuses. The CB was found at the level of C3 
in 55%, at the level of C4 in 35%, and at the level of 
C5 in 10% of the cases on the right side. They found 
CB at the level of C3 in 60%, at the level of C4 in 40% 
of the cases on the left side. The difference between 
our and aforementioned study’s results may be due 
to the unparallel embryological development of the 
vascular structures and the bones.  

Morimoto et al. [17] found that CB was at C4 level 
or at the upper border of the thyroid cartilage most of 
the time; however it might be as low as T3 level and as 
high as hyoid bone level. When our 100 patients were 
taken into consideration, CB level was most frequently 
found at the level of C4–C5 (n = 29, 29%) on the right 
side, and at the level of C4 (n = 26, 26%) on the left 
side in our study (Table 1). Klosek and Rungruang [12] 
determined the CB level by taking cervical vertebrae (par-
ticularly C4), thyroid cartilage, angle of the mandible, 
superior thyroid artery level and lingual artery level into 
consideration in their cadaver study. The authors found 
CB level at the level of C4–5 on the right side in 28%, and 
at the level of C4 on the left side in 50% of the males. 
In the same study, CB was most frequently found at 
C4 level in females (right 39%, left 33%). The authors 
stated that CB level was approximately 6 mm superior 
to thyroid cartilage. They concluded that CB level was 
not symmetrical on the right and the left sides, there 
may be no bifurcation on the right side, and the level of 
the angle of the mandible was an important reference 
point [12]. In our study, we compared right and the left 
sides. We found that CB levels were not symmetrical in 
10 female and 23 male (Tables 2, 3). We think that this 
is important for planning interventions. Our literature 
review showed that only Klosek and Rungruang [12] 
analysed the symmetry of CB levels, and reported that 
CB levels were asymmetrical in 4 cadavers (2 females 
and 2 males). 

Mcafee et al. [15] dissected 140 cadavers, and did 
not find CB below the levels of C3–C5 vertebrae in any 
of their cases. However, the CB was located below C5 
vertebra level on both sides in 18 patients in our study. 
Our literature search revealed that CB level was usually 
reported more superiorly in cadaver studies. We have 
two possible explanations for this difference: first, in 
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most of the cadaver studies it is hard to determine  
a standard neck position. Death in different positions 
may naturally affect the determination of CB level. 
Second, the changes occurring after death may affect 
the findings of those studies [4, 15, 20]. 

CONCLUSIONS
In conclusion, knowing of the variations of CB level 

is important for carotid endarterectomy, radical neck 
dissections, catheterisations, vascular aneurysms, and 
vascular surgical interventions in the neck. Knowing of 
abnormal branching is also necessary for the diagnosis 
and treatment of intracranial aneurysms. We believe 
that the results of this study will shed light to planning 
of all interventional methods concerning CCA and its 
branches as well as all surgical procedures performed 
in the neck, taking the right and left sides into consi-
deration, and will help to minimise the complications. 
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