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SUMMARY 
 

Common carotid artery bifurcation (CCAb) 
branches and topography of surrounding struc-
tures are essential for diagnosis and surgical pro-
cedures in the neck. The aim of this study was to 
add evidence of the variability found in the CCAb 
region relative to bifurcation location, arterial carot-
id branches and surrounding structures in the stud-
ied sample. This study was performed on 38 
CCAbs from 19 cadavers. The CCAbs were locat-
ed at the level of the superior border of the thyroid 
cartilage (TC) in 63.15% (24/38) of the cases, and 
at the hyoid bone (HB) level in 36.85% (14/38) of 
the sample. There was asymmetry between the 
right and the left side in 10.52 % (2/19) of the ca-
davers. The superior thyroid artery (STA) arose 
from the common carotid artery (CCA) or the 
CCAb in 34.21% (13/38) of the cases. The as-
cending pharyngeal artery (APA) arose from the 
internal carotid artery (ICA) in 2.6% (1/38) of the 
cases.  The vagus nerve (VN) ran posterior to the 
CCAb in 89.48% (34/38) of the cases, and anterol-
ateral in 10.58% (4/38) of the cases. The carotid 
body (CB) was found posterior in the angle of the 
CCAb in 73.68% (28/38) of the cases. The carotid 
bifurcation region showed a considerable variabil-
ity in the studied sample. The findings of the study, 
together with other previously published studies, 
should be taken into consideration by physicians 
and surgeons to avoid clinical complications.  
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INTRODUCTION 
 

Neck surgery is frequently performed and re-
quires a clear understanding of the anatomical 
common carotid artery bifurcation (CCAb), its 
branches, and its relation to surrounding struc-
tures. Knowledge of the CCAb region is essential 
in diagnostic imaging, radical neck dissection, cer-
vical discectomy, carotid endarterectomy, catheter-
ization and aneurysms (Ozgur et al., 2008; 
Hayashi et al., 2005; Gulsen et al., 2009). The sig-
nificance of variation in the location of the CCAb, 
and consequently, of the carotid sinus, has also 
been considered in relation to pressure resulting 
from neck palpation and consecutive activation of 
parasympathetic, inhibition of sympathetic nuclei 
and possible occurrence of syncope (Strickberger 
et al., 2006; Folino, 2007). In addition, a sexual or 
racial feature in the CCAb has been considered as 
a possible cause of differences in the atheroscle-
rotic plaque distribution (Koch et al., 2009; Schulz 
and Rothwell, 2011).  

The main landmarks for the CCAb are the superi-
or edge of thyroid cartilage (TC), and the hyoid 
bone (HB). However, the following have also been 
described in relation to the CCAb: a) a lower and a 
higher bifurcation (Ord and Ward-Booth, 1986; 
Vitek and Reaves, 1973; Testut and Latarjet, 
1974); b) CCA agenesis (Testut and Latarjet, 
1974; Robert and Gerald, 1978); and c) non-
bifurcating CCA (Testut and Latarjet, 1974). 

It has been classically considered that the com-
mon carotid artery (CCA) does not supply cervical 
collateral branches (Testut and Latarjet, 1974). 
However, it has been lately shown that those cir-
cumstances are not exceptional (Toni et al., 2004; 
Hayashi et al., 2005; Lo et al., 2006; Kloset et al., 
2008; Ozgur et al., 2008; Vazquez et al., 2009; 
Natsis et al., 2011; Ongeti and Ogeng’o, 2012). 

The internal carotid artery (ICA) has usually been 
considered not to emit branches in the neck. How-
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ever, branches emerging from this artery, which 
could be cause of misdiagnosis, have been ob-
served in some cases (Teal et al., 1973; Testut 
and Latarjet, 1974; Hayashi et al., 2005; Iwai et al., 
2012). 

The present study examined the anatomy of the 
CCAb region relative to arterial branches and sur-
rounding structures: vagus nerve (VN) and carotid 
body (CB).  

 
MATERIALS AND METHODS 

 
Thirty-eight hemi-necks belonging to 19 cadavers 

from 15 men and 4 women, aged ranged between 
35-80 years, were studied. All of them were under-
gone necropsy in the Instituto de Medicina Legal 
de Las Palmas de Gran Canaria (Spain), and a 
total of 38 common carotid artery bifurcation re-
gions (CCAbs) were dissected. The following 
baseline data were recorded: age, sex, death 
cause, and history of chronic disease. The causes 
of death were as follows: 47.36% (9/19) myocardi-
al infarction, 15.78 % (3/19) pulmonary embolism, 
26.31% (5/19) accident or suicide, and 10.5% 
(2/19) by other causes. Besides, 26.31% (5/19) of 
the sample had ischemic heart disease or hyper-
tension antecedents. All of them were Spanish. 

The parameters studied were: 1) location of the 
CCAb in relation to the main landmark in the neck, 
superior edge of the TC and body of the HB; 2) 
relationship between the VN and the CCAb; 3) lo-
cation of the CB; 4) branches in the CCA and the 
CCAb, and in the proximal segment of the ICA and 
the external carotid artery (ECA) (1cm of length). 
The cadavers were lying supine and the neck was 
in extension following the corporal axis without any 
lateral deviation. The arteries were located and 
dissected from both sides of the neck, and then 
they were extracted with surrounding structures 
and photographed. 

 
RESULTS 
 

We could document the following findings: 
1. Position of the CCAb relative to the anatomical 

landmarks (superior edge of the TC and body of 
the HB). The CCAb occurred at the superior bor-
der of the TC in 63.15% (24/38) of the cases, and 
at the HB in 36.85% (14/38) of the sample. The 
bifurcation occurred at the TC level in 54.11% 
(13/24) (10 males and 3 females) of the sample on 
the left side and in 45.83% (11/24) (9 males and 2 
females) of the sample on the right side. When the 
bifurcation occurred at the HB level, 57.14% (8/14) 
(6 males and 2 females) of the cases were located 
on the right side, and 42.85% (6/14) (5 males and 
2 females) on the left side. 

In 10.52% (2/19) of the necropsied subjects, the 
level of CCAb was not alike on both sides. In those 
cases, the bifurcation level on the right side was at 
the HB, and on the left side at the superior edge of 

the TC. 
2. Localization of the VN. The vagus nerve was 

located posterior in the medium line of the CCAb in 
36.85% (14/38) of the cases, posteromedial in 
13.15% (5/38), posterolateral in 39.47% (15/38), 
and lateral to the CCAb in 10.52% (4/38) of the 
cases. 

3. Carotid branches. 39.47% (15/38) of the sam-
ple showed some type of anatomical variation re-
lated to the classically described arrangement of 
arterial branches. They were located on the left 
side in 60% (9/15) of the cases, and on the right 
side in 40% (6/15) of the cases. 

Our sample showed the following carotid branch 
variations (Fig. 1): 

a) Origin of the superior thyroid artery (STA) from 
the CCAb or the CCA instead of the external carot-
id artery (ECA) in 86.66% (13/15) of the variations, 
i.e., 34.21% (13/38) of the total cases). STA arose 
from the CCAb in 69.23% (9/13) of the variations, 
i.e., 23.68% (9/38) of the total cases. In the most 
of the cases (8/13), STA arose from the anterior 
side and, only in one case (1/13), from the medial 
side. STA arose from the CCA in 30.76% (4/13) of 
the variations, i.e., 10.52% (4/38) of the total cas-
es.  

b) STA emerged from a common trunk with other 
branches in 6.66% (1/15) of the variations, i.e. 
2.63% (1/38) of the total cases. Arteries in the 
trunk were identified as superior thyroid artery 
(STA), superior laryngeal artery (SLA), and lingual 
artery (LA). SLA emerged from the origin of the 
STA.  

c) One arterial branch was observed emerging 
from the medial wall of the ICA in 6.66% (1/15) of 
the variations, i.e., 2.63% (1/38) of the total cases. 
This branch was identified as ascending pharynge-
al artery (APA) (Fig. 1B). 

The variations related to the classically described 
branch arrangement occurred in 41.66% (10/24) of 
the cases, as the CCAb was located at the level of 
the TC, and in 35.71% (5/ 14) of the sample, as 
the CCAb was located at the level of the HB. The 
variations appeared bilaterally in 6 of the 19 nec-

Fig. 1. Schematic representation of the four branch vari-
ations observed in our sample: (A) APA arising from the 
ICA; (B) STA emerging from the CCAb; (C) STA arising 
from CCA and (D) a TLT emerging from CCA. CCA, 
common carotid artery; ECA, external carotid artery; 
ICA, internal carotid artery; CCAb, bifurcation common 
carotid artery; STA, superior thyroid artery; APA, as-
cending pharyngeal artery; TLT, thyrolingual trunk. 
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ropsied subjects, and were unilateral in 3 of the 
19. In the bilateral variations, the pattern was simi-
lar on both sides in 33.3% (2/6), and different in 
66.66% (4/6) of the cases.  

4. Carotid Body. CB morphology was variable 
and showed to be different in shape and size in 
each sample. It was located in the angle of the 
CCAb, being posterior in the angle of bifurcation in 
73.68% (28/38) of the cases. It was located in the 
central zone of the angle in 7.89% (3/38) of the 
sample, in the anterior part of the angle in 7.89% 
(3/38) of the cases, and in the base of the ICA or 
the ECA in 10.52% (4/38) of the cases (Fig. 2A-B). 

 
DISCUSSION 

 
One of the most frequently studied aspects in the 

carotid region has been the level of CCAb. The 
knowledge of the exact location of CCAb before a 
surgical procedure could warn surgeons about 
possible vulnerable structures whose location 

could vary in relation to the CCAb (Assadian et al., 
2004; Lo et al., 2006). It is said that the CCAb is 
located mostly at some place between the superior 
border of the TC and the HB. However, there is no 
agreement about the percentage of cases in each 
location (Table 1). There is also disagreement in 
the level of bifurcation between the left and the 
right side in the same subject. We found, in our 
sample, 10.52% of the cases with apparent pre-
dominance of CCAb at the level of the HB on the 
right side, and at the CT level on the left side, 
while Klosek (2008) considered that 67-88% of the 
cases were not alike, and Lo et al. (2006) ob-
served asymmetric bifurcation level in 48% of the 
cases.  

It has been considered that the differences in the 
geometry and bifurcation level of CCAb on studied 
subjects could be the consequence of a possible 
race/ethnic difference (Koch et al., 2009; Hayashi 
et al., 2005). In that regard, Table 1 shows that 
different populations have been considered by dif-
ferent studies, but the results in similar studied 
populations do not seem to be alike. Therefore, 
our point of view is that the following explanations 
should also be considered: 

1. Sample size (which is one of the main prob-
lems that may arise when comparing different sta-
tistical studies). In that regard, table 1 shows that 
samples similar to those used by Hayashi (2005) 
and Klosek (2008), or those used by Ozgur et al. 
(2008) and our data (2014) yield different results. 

2. Landmark chosen for bifurcation location.  The 
studies of Lo et al. (2006) and Ozgur et al. (2008), 
as well as our study, considered the TC and the 
HB to be the landmarks of the CCAb location, 
while Hayashi et al. (2005) and Klosek and 
Rungruang (2008) used the cervical vertebras to 
determine the CCAb location. Although it is gener-
ally considered that there is an equivalent level 
between the cervical vertebra and the two main 
used landmarks, TC and HB (Moore et al., 2010; 
Standring, 2008), a lack of one strict common 
method for the authors to determine the exact level 
of bifurcation could affect the obtained results 

Fig. 2.  Posterior view of two right common carotid bifurca-
tions. (A) CB is joined to the posterior part of the angle 
between ECA and ICA in the CCAb. (B) APA emerges 
from the ICA and CB is located between ICA and APA. 
CCA, common carotid artery; ECA, external carotid artery; 
ICA, internal carotid artery; CCAb, bifurcation common 
carotid artery; APA, ascending pharyngeal artery; CB, ca-
rotid body.  

Table 1.  CCAb location level according to the studied population and the sample size. Correspondence of TC and HB 
to the cervical vertebras (Standring, 2008; Moore, 2009) 

N): number of cadavers used in the study.  

 

Population  (N) 

                             % of the cases studied  

Author 

 

Thyroid Cartilage (TC) (C3-C4) Hyoid Bone (HB) (C3) 

Superior 
edge 

Body Below TC Body 
Greater 
horn HB 

Above HB 

Lo (2006) New Zealand 36 39 40     _ 6 15   _ 

Ozgur (2008) Turkish 20  ------------------ 27.5 ------------------   -------------------- 72.5 ------------------ 

Hayashi (2005) Japanese 49    _   _    _ Mostly 

Klosek (2008) Thai 43 20.93     _ 66.26 ------------------12.79 -------------------- 

Our results Spanish 19    ---------------- 63.15 ---------------- ----------------------36.85 ---------------- 
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(Koch et al., 2009).  
3. Several other circumstances to determine the 

level of CCAb, such as the conditions of the speci-
men studied, should also be taken into considera-
tion: a) fresh or fixed cadavers; b) position of the 
neck after fixation (if appropriate); c) angle of incli-
nation and possible lateralization of the head in 
relation to the neck; d) depth of the neck dissec-
tion, where the relationship between the structures 
could be lost; e) instruments used to trace the line 
of the CCAb in relation to the landmark; f) position 
and morphology adopted by the bifurcation itself, 
etc. Our point of view is that all these circumstanc-
es could also give different results in the observa-
tions, and they should be referred to in the studies. 
Our specimens were fresh and necropsied within 
24-48 hours after death; the specimens of Lo et al. 
(2006) were prepared for anatomical dissection 
courses with 4% of phenolic acid and 0.5% of for-
maldehyde; the subjects of Hayashi et al. (2005) 
were formalin fixed cadavers, and there was no 
reference about the condition of the cadavers in 
the study performed by Klosek and Rungruang 
(2008). 

Another uncertainty in the carotid region is the 
arterial branching in the carotid triangle. We found, 
in relation to the classically described pattern, an 
incidence of 39.47% in branch variation. The most 
frequently observed variations were those in rela-
tion to the STA. The STA origin is considered an 
important surgical landmark and, although the STA 
is classically described to be originated mainly 
from the anterior surface of the ECA, many pub-
lished studies have reported STA emerging from 
the CCA or the CCAb in a considerable number of 
cases. Our results showed an incidence of STA 
emerging from the CCA or the CCAb in 34.21% of 
the cases, similarly, to some extent, to that of 
Hayashi et al. (2005), who found the emergence of 

STA from the distal portion of the CCA in 30% of 
Japanese population. However, that incidence was 
lower than that found by Lo et al. (2006), Ozgur et 
al. (2008), Vazquez et al. (2009), Natsis et al. 
(2011), and Anagnostopoulou and Mavridis (2014). 
Those authors found the origin of the STA in the 
CCA or the CCAb in a proportion of 52.3%, 65%, 
75%, 61% and 57.34% of the cases, respectively. 

Our sample showed the emergence of one trunk 
with three branches emerging from the anterior 
wall of the CCA below the bifurcation level in one 
case, i.e., 2.63% of the cases under study. Those 
branches were identified as STA, SLA and LA. 
Thyrolingual trunk (TLT) arising from the CCAb or 
the CCA has been described as a “case report”, 
among other authors, by Lemaire et al. (2000), 
Jadhav et al. (2011), and Kapre et al. (2013). In 
most of the cases (0.7-0.3%), TLT arises from the 
ECA, and the frequency of origin of TLT from the 
CCA has been reported in 0.1% of cases (Toni et 
al., 2004). 

Following the classifications proposed by 
Vazquez et al. (2009) and Anagnostopoulou and 
Mavridis (2014) with regard to the origin of the 
STA (Table 2), it is possible to observe that the 
percentage of cases showing the origin of the STA 
in different studies, in relation to the carotid arter-
ies, is quite different. The disagreement among 
studies could be attributed to three main reasons: 
1) sample size; 2) studied population; 3) limits con-
sidered for the CCAb. The sample size is one of 
the main problems that may arise when comparing 
different statistical studies. In that regard, the study 
of Vazquez et al. (2009) seems to be the most reli-
able since it includes the widest sample, but it was 
not possible to find a relationship between the size 
sample and the results obtained in other studies.  

With regard to the above second given reason, 
although the race/ethnic condition has been widely 

Table 2.   Origin of the superior thyroid artery (STA) 

Authors  Population  Size (N) 

                          % of cases  

ECA 

Type III* 

Type B** 

CCA 

Type II* 

Type A** 

CCAb 

Type I* 

Type C** 

Common trunks 

Type IV* 

  

Hayashi (2005) Japanese 49 70  ---------- 30 ------ 1 

Lo (2006) New Zealand 36 46.2 ---------- 52.3 ---- _ 

Kloset (2008) Thai 43 66.5 ---------- 33.5 ---- _ 

Ozgur (2009) Anatolian 20 25 35 40 2.5 

Vazquez (2009) British 108 23 27 49 0.6 

Natsis (2011) Greek 50 39 12 49 3 

Ongeti (2012) Kenyan 46 80.4 10.9 2.2 6.5 

Anagnostopoulou (2014) Greek 68 42.64 38.23 19.11 (Included in B**) 

Our results Spanish 19 65.78 10.52 23.68 2.63 

Relation to the studied population, the sample size and the proposed classification: 1) Vazquez et al. (2009)* (Type I, STA origin from carotid bifurcation; 
type II, STA origin from common carotid artery; type III, STA origin from external carotid artery; Type IV, STA origin from a common thyrolingual or thyro-
linguofacial trunk); and 2) Anagnostopoulou and Mavridis (2014)** (Type A, STA origin from CCA; type B, STA origin from ECA; type C, STA origin from 
CCAb. These authors considered common trunks to be a subtype of type B). Size (N), number of cadavers.  



B. Mompeó and E. Bajo  

41 

argued to explain the differences, there was no 
apparent relationship between the population in-
cluded in the studies and the origin of the STA. 

Finally, the limits considered for the CCAb could 
be, at least in part, in relation to the unlike results. 
In this study, the CCAb was considered just the 
arterial portion located in the angle formed be-
tween the ECA and the ICA, and 5 mm proximal in 
the CCA. Once the ECA and the ICA were formed, 
they were not considered CCAb anymore. 

The identification of possible extracranial branch-
es of the ICA is essential to minimize surgical 
complications (Loftus and Quest, 1995; Cavalcanti 
et al., 2009). In this sense, although the APA is 
classically said to be arising from the back of the 
ECA, it has also been described to be originated 
from the CCA and the ICA (Teal et al., 1973; 
Hayashi et al., 2005). We could observe in one 
case, i.e., 2.63% of our sample, one branch which 
was emerging from of the ICA that was identified 
as the APA. Hayashi et al. (2005) observed this 
variation in 2% of the cases in Japanese popula-
tion. The presence of non-usual origin of APA has 
also been described to be coincident with a very 
high bifurcation of CCA (Gluncic et al., 2001). In 
our study, the presence of such non-usual origin 
was coincident with the CCAb at HB level, but the 
APA emerged from the ICA and not from the CCA 
as it was the case described by Gluncic et al. 
(2011). 

The VN injury in endarterectomy procedures has 
been reported in 2.5% of the cases (Ferguson et 
al., 1999). In those procedures, the VN should be 
isolated from carotid artery (CA) and protected to 
avoid injury (Evans, 1982). In our studied sample, 
the nerve was observed dorsal to the ICA and the 
CCAb in 89.47 % of the cases. The proportion was 
similar to that obtained by Cavalcanti et al. (2010), 
who found a posterior location of the VN in 82.8% 
of the necks dissected, but it was quite different 
from the proportion obtained by Lo et al. (2006), 
who found a location posterior to the nerve in 99 % 
of the cases. The data above referred to should 
alert surgeons that the VN is located anterolateral 
in 1-17% of the CCAb.  

In relation to the CB location, our data are totally 
coincident with those obtained by Khan et al. 
(1978), who found that the CB was located in the 
CCAb in most of the cases (86%). In addition, our 
sample showed that the CB was related to the 
ECA, or it was located between the APA and the 
ICA, as the APA arose from the ICA. 

Conclusions: The CCAb and surrounding struc-
tures show a great variability in the carotid triangle 
region and therefore, physicians and surgeons 
should take all the anatomical possibilities into 
consideration. A thorough knowledge of the struc-
ture arrangement is essential to avoid neck surgi-
cal complications. More detailed studies (with a 
greater number of specimens), using dissection 

and image techniques, should be performed in 
further research of the CCAb and surrounding 
structures. 
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