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ABSTRACT
Background: The common carotid, internal and external carotid arteries and their branches serve as major source of
blood supply in head-neck region of human and are often encountered during numerous surgical and clinical
interventions of neck.
Methods: We dissected and examined both sides of neck in 49 well embalmed cadavers (98 sides). We recorded the
following anatomical parameters of carotid arterial system-level of bifurcation, the relation between internal and
external carotid arteries, branching pattern of anterior branches of external carotid artery, tortuosity in carotid arterial
system, and relation of hypoglossal nerve with the carotid arteries.
Results: In 56.16 % cases, the common carotid arterial bifurcation took place at the upper border of thyroid cartilage
though high bifurcation was quite common (43.88%). The external carotid artery was located antero-medial to
internal carotid artery in most cases (93.87%). Abnormal tortuosity of carotid arterial system was detected in 2.04%
cases only. In 86.73% cases, the hypoglossal nerve crossed the internal and external carotid artery superior to carotid
bifurcation above the level of hyoid bone while in 1 case it crossed immediately inferior to carotid bifurcation. In
branching pattern, following variations were observed- linguo-facial trunk in 15.3% cases, thyro-lingual trunk in 5.1%
cases, origin of superior thyroid artery from common carotid in 10.02% cases and origin of superior thyroid from
internal carotid in one case (1.02%).
Conclusions: The carotid arterial system has complex and variable anatomy in neck and this information should be
kept in mind to avoid unwanted damage during surgical procedures of neck.
Keywords: Carotid bifurcation and hypoglossal nerve, Carotid tortuosity, External carotid branching variation,
Internal and external carotid relation

INTRODUCTION
The common carotid arterial system serves as the major
source of arterial supply in the head and neck region. The
common carotid artery (CCA) usually bifurcates into
external carotid artery (ECA) and internal carotid artery
(ICA) at the level of upper border of thyroid cartilage or
at C3-C4 or C4-C5 intervertebral disc though the
bifurcation may vary.1-8 Description of carotid bifurcation

in relation to anterior anatomic landmarks like hyoid
bone (HB) or thyroid cartilage (TC) are more useful as
during neck surgeries the vertebrae are not usually
accessible.9 The ECA most commonly lies anteromedial
to ICA, again variations has been reported.1,2,10-12 The
hypoglossal nerve crosses the ECA and ICA at variable
distances rostral to the carotid bifurcation.13-15 The
branching pattern of CCA shows variability and has been
reported in literature, however, in most cases, the
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superior thyroid artery (STA), lingual artery (LA) and
facial artery (FA) arise directly from front of ECA within
anterior triangle of neck.1,2,4,5,9,10,12,16-23 These branches
arising from front of ECA are especially important during
chemoembolization and neck reconstruction surgeries
during surgical management of head-neck tumors.9
Neck has a complex and variable anatomical relationship
between many important structures and these knowledge
is crucial in numerous surgical interventions including
carotid endarterectomy, carotid stenting, vascular
embolization, neck tumor surgeries, plastic reconstruction
of neck following removal of large mass, radical neck
dissections, carotid sinus baroreceptor stimulation to
avoid unwanted structural damage and related
complications.9,18,22,24 Moreover, the anatomy and
geometry of CCA may influence the carotid
atherosclerosis which is a leading cause of death and
disability.9,25,26

RESULTS
In all cases the common carotid arteries were located
within anterior triangle of neck medial to internal jugular
vein and within carotid triangle. The vagus nerve was
found in between the CCA and internal jugular vein in a
deeper plane.
The CC bifurcation took place in between the greater
horn of hyoid bone and upper border of thyroid cartilage
in 37 cases, at the level of greater horn of hyoid bone in 5
cases, at upper border of thyroid cartilage in 55 cases and
above the greater horn of hyoid bone in only 1 case
(Figure 1).

The objective of this study was to re-explore the detailed
anatomical relations of carotid artery within the anterior
triangle of neck focusing on the bifurcation level of
common carotid artery and its relation to hypoglossal
nerve, branching pattern of front branches of ECA,
relation between ECA and ICA and unusual tortuosity in
carotid arterial system if any.
METHODS
We have dissected and examined 98 sides of 49 well
embalmed cadavers (22 male, 27 female) at gross
anatomy lab of the institution over a period of 2 years and
4 months (July 2016 to November 2018). The mean age
of cadavers varied from 64-87 years.
All the cadavers were placed in supine position, the neck
was extended by placing blocks underneath and while
examining a particular side, the head was tilted towards
opposite side for better exposure and to mimic surgical
positions. All the cadavers were partly dissected by
medical students as a part of their gross anatomy practical
course under guidance of anatomy instructors. Those
cadavers with considerable damage to common carotid
arterial system were excluded from the study beforehand.
The incision line extended along the lower border of
body of mandible, the midline of the neck and the
anterior border of sternocleidomastoid muscle to fully
expose the anterior triangle of neck. The superficial fascia
with platysma and connective tissue were dissected.
We examined the structures within carotid triangle
especially the carotid artery and its relations and
variation. We recorded the bifurcation level of CCA in
respect to hyoid bone and thyroid cartilage (anterior
landmarks of neck) and the location of hypoglossal nerve
in relation to hyoid bone and carotid arterial bifurcation.
We observed the origin of the anterior branches of ECA
including STA, LA and FA within carotid triangle of
neck.

ICA- Internal carotid artery, ECA- external carotid artery, PDGposterior belly of digastric muscle, HN- Hypoglossal nerve (
crossed caudal to carotid bifurcation), TLT- thyro-lingual trunk,
STA- Superior Thyroid artery, LA- lingual artery.

Figure 1: High carotid bifurcation inferior to angle
of mandible.
We regarded the upper border of thyroid cartilage as the
standard bifurcation point of CCA (1-5) and any
bifurcation noted above this level was regarded as high
bifurcation. Carotid bifurcation at or below the body of
TC was recorded as low bifurcation. We found high CC
bifurcation in 43 cases and standard CC bifurcation in 55
cases. We did not find any low CC bifurcation (Table 1).
We founded the location of external carotid artery anteromedial to internal carotid artery in 92 cases, posteromedial to internal carotid in two cases and just medial to
internal carotid in 4 cases. We found abnormal tortuosity
of internal carotid in 1 case and tortuous ECA and ICA
including CC bifurcation in 1 case only.
The hypoglossal nerve was found to cross the ICA and
ECA at variable distances form the point of CC
bifurcation and rostral to the bifurcation in 97 cases. It
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crossed immediately caudal to CC bifurcation in only 1
case. It crossed ICA and ECA rostral to the level of hyoid
bone in 85 cases and at the level of hyoid bone in 13
cases. We did not find any hypoglossal nerve crossing
below the level of hyoid bone. In all cases, the
hypoglossal nerve was closely related to the lower border
of posterior belly of digastric muscle (Table 2).

in 4 cases). Again, STA directly arose from CCA in 10
cases and from internal carotid artery at the level of CC
bifurcation in 1 case (Figure 3).

Table 1: The bifurcation pattern of common
carotid artery.
Anatomical Landmark
High bifurcation
Above hyoid bone
At the level of hyoid bone
Between HB1 and TC2
Standard bifurcation
At upper border of TC
Low bifurcation
At body of TC or below
1Hyoid

bone,

2Thyroid

Percentage
43.88%
0.01%
0.05%
37.76%
56.12%
0

cartilage.

Table 2: Anatomical levels of hypoglossal nerve
crossing the internal and external carotid artery.
Landmark
Above hyoid bone
At the level of hyoid bone
Below hyoid bone

Percentage
86.73%
13.27%
0

ECA- external carotid artery, PDG- posterior belly of digastric
muscle, HN- Hypoglossal nerve (crossing EC at the level of
hyoid bone), HB- hyoid bone, LA- lingual artery, STASuperior thyroid artery, IJV- internal Jugular vein, PDGposterior belly of digastric muscle.

Figure 2: Thyro-lingual trunk arising from common
carotid artery.
We found the origin of superior thyroid artery (STA)
directly from ECA in 82 cases and STA arising from
Thyro-lingual trunk (Figure 2) in 5 cases (Thyro-lingual
trunk again originated from ECA in 1 case and from CCA

CCA- Common carotid artery, IC- Internal carotid artery (has a
curved course), EC- external carotid artery, HN- Hypoglossal
nerve (crossing ECA and ICA above the level of hyoid bone),
HB – hyoid bone, TC- thyroid cartilage.

Figure 3: Superior thyroid artery arising from
internal carotid artery at carotid bifurcation.

LFT- Linguo-facial trunk, F- facial artery, L- lingual artery,
ICA- Internal carotid artery, ECA- external carotid artery, HNHypoglossal nerve ( crossing over the linguo-facial trunk), HBhyoid bone, TC- Thyroid cartilage.

Figure 4: Linguo-facial trunk.
We found the origin of Lingual artery directly from ECA
in 78 cases, from Thyro-lingual trunk in 5 cases and from
Linguo- facial trunk in 15 cases.
The origin of facial artery was found directly from the
external carotid artery in 83 cases and from Linguo-facial
trunk (Figure 4) in 15 cases. All the variations were
asymmetrical (Table 3).
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Table 3: The variation patterns of external carotid
artery branches.
Variant patterns
Linguo-facial trunk
Thyro-lingual trunk
Thyro-Lingual trunk from CCA1
Thyro-lingual trunk from ECA2
STA3 arising from CCA
STA arising from ICA4
1Common

2External

Percentage
15.30%
5.1%
4.08%
1.02%
10.20%
1.02%

carotid artery,
carotid artery,
thyroid artery, 4Internal carotid arteries.

3Superior

DISCUSSION
This cadaveric study focused on several aspects of
complex anatomical relations in neck including CCA
bifurcation level and its relation to hypoglossal nerve,
ECA branching pattern, relation between ECA and ICA
and tortuosity of carotid arterial system if any.
We found that the commonest bifurcation level of CCA
was at upper border of thyroid cartilage (56.12%) while
high bifurcation was quite common. Low bifurcation of
CC was not observed in this study. The term high
bifurcation lacks precise definition across literature
mentioned as any point above upper border of thyroid
cartilage (TC) or any point above greater horn of hyoid
bone (HB).9 The previous studies supported the
observation that upper border of TC is the commonest
bifurcation level and high bifurcations are more common
than low bifurcation.1,3,5,7,16,19,27,28 Absence of low
bifurcation was also reported by another study.7 We
found significantly high bifurcation in only one case with
other unusual features it was located inferior to the angle
of mandible at the level of posterior belly of digastric
muscle, it was crossed by hypoglossal nerve immediately
caudal to the CC bifurcation level, both ICA and ECA
showed curved course cranial to CC bifurcation and the
ECA was located postero-medial to ICA.
A high bifurcation should be treated cautiously by
surgeons due to its close neighborhood to hypoglossal
nerve and difficulties in approach.6,29 Strover S et al,
reported higher incidences of vascular trauma possible in
high CC bifurcations during penetrating neck injuries.30
In this study, in 93.87% cases the ECA was located
antero-medial to ICA. Previous studies reported this
standard position in 50% of cases to 70% cases.1,11,12,19
We did not find any reversal of position of ICA and ECA
though such case has been reported in literature.12 In a
doppler scan based study by Prendes JL et al, posrterolateral position of the ECA was noted in 5.3% of whereas
in this study, it was found only in 2 cases (2.04%).31
Previous researchers recommended the CT angiography
in both lateral and anterio-posterior views to be
performed before head-neck surgical procedures to avoid
confusion in variant structure identification or unwanted
injuries.32-34

The abnormal tortuosity in relation to CCA, ECA or ICA
was observed very rarely (2.04%) in current study while
Lo A et al, reported 26% abnormal curvature and 6%
kinking in CCA.8 A previous study suggested tortuosity
or kinking of internal carotid artery is not related to
ischemic stroke.35 Dangas G et al, recommended carotid
stenting over carotid endarterectomy in cases of marked
tortuosity.36
The current study reported rostral to body of hyoid bone
was the commonest (86.73%) area where the hypoglossal
nerve crossed both ICA and ECA. Previous studies
reported the distance of hypoglossal nerve from CC
bifurcation was variable ranging from immediately above
the bifurcation to anterior belly of digastric or rarely
directly overlying the bifurcation.13-15
The variable intimate relationship of this nerve to carotid
arterial system makes it vulnerable to damage during
carotid endarterectomy, different neck surgeries including
anterior approaches to cervical vertebrae or craniovertebral structures.13-15
We found the variation of anterior branches of ECA was
quite common (26.53%) among which the linguo-facial
trunk was the commonest (15.3%). Anangwe D et al,
reported ECA branching variation in 9% cases only
where linguo-facial trunk was the commonest (7%) like
this study.19 Troupis TG et al, reported the incidence of
linguo-facial trunk to be 6%.18 However, Zumre O et al,
reported 20% incidence of linguo-facial trunk which was
close to our findings.28
Current study detected STA originated directly from
ECA in 85.41% cases while the incidence was 80% in Al
Rafiah A et al, study.1 Lucev V et al, reported this
standard origin of STA in 30% of cases and Ozgur Z et
al, detected this in 40% cases.16,37
As the cadavers were Caucasoid, these findings were
supported by Toni R et al, that in Caucasoid, STA more
commonly originates from ECA.17
We observed Thyro-lingual trunk in 5.1% cases while
1.7% such cases were detected by Al-Rafiah A et al, and
2.5% cases by Zumre O et al.1,28 We observed STA arose
from the CCA in 10.2% cases while this incidence was
18.3% in Al Rafiah A et al, study.1
We found an extremely rare variation where STA took
origin from ICA at CC bifurcation and such variation was
not reported by any previous study to the knowledge.
Current study is unique one to report multiple aspects of
anatomical relations of carotid artery and their variations
in neck which are immensely important in general
surgery, plastic surgery, spine surgery, vascular surgery,
maxillofacial surgery and oncologic procedures related to
neck. This information is also valuable for clinical
examination and radiological interpretation of neck
structures.27 One of the drawbacks of this study was-
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exact measurement of the distance of hypoglossal nerve
in relation to CC bifurcation and hyoid bone was not
recorded.

8.

CONCLUSION
9.
We confirmed carotid arterial system had variable
branching pattern and variable relation to hypoglossal
nerve in neck and all the variations were asymmetrical.
High bifurcation of common carotid artery was quite
common and hypoglossal nerve commonly crossed the
internal and external carotid artery rostral to the level of
hyoid bone.
The external carotid was mostly antero-medial to internal
carotid, low carotid bifurcation was not found, and
unusual tortuosity of carotid artery was extremely less in
this study population. This information should be kept in
mind during surgical procedures to prevent unwanted
complications.
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