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Abstract: Background: Knowledge of the bifurcation level of the common carotid artery (CCA) is important during
surgery, mummification, and radiological studies. This study aim to evaluate the anatomical variations in the bifurcation
level of CCA, and the origin of the superior thyroid artery (STA), in Sudanese populations. Their knowledge reduces
risk during surgery and helps in arterial ligation. Materials and Methods: 30 neck cadaveric specimens were evaluated
on sides, using natural anatomical tools and methods for the anatomical studies. Results: The bifurcation of CCA was
found at 36.7% at the level of the upper border of thyroid cartilage (TC), 61.7% above, and 1.6% below. No big
differences were found in carotid bifurcation on both sides. The right side showed 30% were normal, 66.7 % high, and
3.3% were low-level bifurcation, left showed 43.3% were normal, 56.7% high, and no low level of bifurcation was
observed. Origin of STA either from external 50% or bifurcation 46.7% was nearly about the same, with a few
incidences 3.3% from the common carotid. Significance differences were observed in origin STA between both sides,
on the right the artery commonly originates from external, and on the left commonly from the bifurcation. Conclusion:
CCA bifurcates at a higher level in Sudanese, with no big difference in carotid bifurcation on both sides. Statistically, a
significant difference was found in the origin of STA on both sides. Recommendation: higher bifurcation of CCA, and
side variations in origin of STA, should be put into consideration during surgery and radiology.
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1. INTRODUCTION

The common carotid arteries (CCA) are the
main vessels that supply the structures of the head and
neck, within the thoracic cavity right and left CCA are
originated from the brachiocephalic and arch of the
aorta successively, then ascend to the neck without
giving off any branches [1, 2]. In the upper part of the
neck, each one is divided into external carotid (ECA)
and internal carotid (ICA), these usually occur at the
level of the upper border of the thyroid cartilage (TC),
rarely they course up without subdivision [3, 4, 5].
After division, the ICA enters the skull directly to
supply the structures within it, while the ECA divides
into many branches to head and neck structures [2]. In
most cases, the first branch of the external carotid is the
superior thyroid artery (STA) for the thyroid gland [6].
At the level of the carotid bifurcation, there are

important physiological centers containing receptors for
detecting changes in the composition of arterial blood
flow and pressure changes [7]. The carotid bifurcation
is one of the most common sites of atherosclerotic
plaque; the possible explanation for this is the
anatomical variations in the level of bifurcation [8, 9,
10, 11, 12, 13].

The anatomical Knowledge of carotid
bifurcation level is important during surgery,
mummification, and radiological studies. Many studies
were done to describe the bifurcation level of CCA, and
their results showed many variations. Studies by Preeti
Sonje et al, 2019 [14]; K. Radha, 2014 [15]; Vatsala A
R et al., 2014 [16]; Ribeiro R. A et al., 2006 [17], found
that the most common level of carotid bifurcation was
at the level of the upper border of TC, and superior
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border of the TC was the most stable anatomical level
for carotid bifurcation, while the study of Albert lo et
al., 2006 [18], showed, the bifurcation level of CCA at
the hyoid bone more than the superior border of the TC,
and the work of Anasuya Ghosh et al, 2019 [19];
Manisha B Sinha et al., 2019 [20]; Ambali Manoj and
Jadhav Surekha, 2012 [21], showed, bifurcation of CCA
at the level of the hyoid bone, and upper border of TC
was about the same. Moreover, the studies of K. Radha,
2014 [15]; Ambali Manoj and Jadhav Surekha, 2012
[21]; Vatsala A R et al., 2014 [16], found low
incidences of carotid bifurcation below the lower border
of TC. While no lower bifurcation was mentioned in the
study of Anasuya Ghosh et al, 2019 [19]. In most
common cases, the STA was found to originate from
the external carotid artery, Ranjith Sreedharan et al.,
2018 [6]; Keith L Moore, 2011 [2]; Harold Ellis, 2006
[1], in the results of Preeti Sonje et al, 2019 [14] the
STA was found commonly originated from the CCA,
and results of Albert lo et al., 2006 [18] found the
origin of STA from CCA in 52.3%, and ECA in 46.2%
of the cases. The aim of this work was to study the
variations in a bifurcation of CCA, and the origin of
superior thyroid artery, in Sudanese, their knowledge,
can help in surgery, mummification, and arterial
ligation.

2. MATERIALS AND METHODS

This is a descriptive, retrospective, cross-
sectional study, carried out in Khartoum State, Sudan,
between Augusts to December 2021. In these study 30
cadaveric necks specimens were dissected in booth
sides, 22 males and 8 females, using natural anatomical
tools and methods that use for the medical students’
studies. The specimens were selected from dissection
rooms in different medical colleges in Khartoum State.
Inclusion criteria: formaldehyde-fixed necks cadaver
specimens from the dissection rooms of the medical
colleges. Exclusion criteria: Cadavers that were
macerated or damaged by students before data
collection. The dissection was evaluated for bifurcation
of CCA in relation to the upper border of TC, and origin
of the STA, or to be from CCA, ICA, or ECA. This

study relied on the following: any bifurcation found
above the upper border of the TC, is classified as higher
bifurcation, if found at the level of the upper border of
TC, it is classified as a normal bifurcation level, and if
found below the upper border of the TC, classified as
lower bifurcation. Same photos were taken from the
dissected specimens using digital camera. Ethical
approval: the ethical approval was obtained verbally
from the head of the departments in each medical
college, in which the study was carried out. Data
analysis: The data were analyzed using SSPS16
software, and frequencies and percentages were taken.

3. RESULTS

30 neck cadaveric specimens were evaluated
on both sides, a total of 60, 22 (73.3%) were males and
8 (267%) were females. in 22 (36.7%) of the cases the
level of bifurcation of the CCA was found at the level
of the upper border of TC, (Figure 2, 6), in 37 (61.7%)
were found above the upper border of TC, (Figure 1, 4,
5) and in one (1.6) of the cases were found below the
upper border of TC, (Figure 2), (Table 1). Concerning
the level of bifurcation of CCA on both sides; the right
side showed 9(30%) of the cases the bifurcation was
found at the level of upper border TC, 20 (66.7%) of the
cases the bifurcation was above upper border TC, and in
1 (3.3%) of the cases was below upper border TC, left
side showed, 13 (43.3%) of the cases the bifurcation
was at the level of the upper limit of TC, 17 (56.7%) of
the cases the bifurcation was above the upper border the
CT, and no one was below the upper border of TC,
(Table 1).

Out of all cases, the origin of STA was found,
30 (50%) from ECA, (Figure 2), 28 (46.7%) from the
bifurcation, (Figure 1, 4, 6), and (3.3%) from the CCA,
(Figure 5), (Table 2). Concerning the origin of the STA
between both sides; the left side showed; that 9 (30%)
were from ECA, 20 (66.6%) were from bifurcation, and
one (3.3%) was from CCA, and the right side showed,
21(70%) from ECA, 8 (26.6%) from bifurcation, and
one (3.3%), from CCA, (Table 2)

Table 1: Shows the Bifurcation Level of the Common Carotid Artery, among Sudanese Subjects

Bifurcation Level of Right Side (n=30) Left Side (n=30) All (n=60)

Common Carotid Artery | Frequencies | Percentages | Frequencies | Percentages | Frequencies | Percentages
Higher Bifurcation: 20 66.7% 17 56.7% 37 61.7%
Above the upper border of

thyroid cartilage

Normal Bifurcation: At 9 30% 13 43.3% 22 36.7%

the level of the upper

border of thyroid cartilage

Lower Bifurcation: 1 3.3% 00 0.0% 1 1.6%
Below the upper border of

thyroid cartilage

Total 30 100% 30 100% 60 100%
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Table 2: Shows the Origin of the Superior Thyroid Artery among Sudanese Subjects

Origin of Superior

Right Side (n=30)

Left Side (n=30)

All (n=60)

Thyroid Artery Frequencies | Percentages | Frequencies | Percentages | Frequencies | Percentages
From common carotid 1 3.3% 1 3.3% 2 3.3%

artery

From the external carotid | 21 70 % 9 30.0% 30 50%

artery

From bifurcation of 8 26.6% 20 66.6% 28 46.7%
common carotid artery

Total 30 100% 30 100% 60 100%

Figure 1: dissected neck, left side shows, bifurcation of the
common carotid artery above to upper border of thyroid
cartilage, and origin of superior thyroid artery from
bifurcation. (TG, thyroid gland), (TC, thyroid cartilage),
(CCA, common carotid artery), (STA, superior thyroid
artery), (ICA, internal carotid artery), (ECA, external
carotid artery), (SMG, submandibular gland), and (M,
mandible). a raw shows level the upper border of thyroid

cartilage

Figure 2: dissected neck, the right side shows bifurcation
of the common carotid artery at the level of the border of
the thyroid cartilage and origin of superior thyroid artery
from external carotid. (TC, thyroid cartilage), (TG, thyroid
gland), (CCA, common carotid artery), (STA, superior
thyroid artery), (ICA, internal carotid artery), (ECA,
external carotid artery), (1JV, internal jugular vein), (SCM,
sternocleidomastoid muscle) and (M, mandible). a raw show
level of the upper border of the thyroid cartilage

=3

Figure 3: dissected neck, thér right side shows bifurcation

of the common carotid artery below to upper border of the
thyroid cartilage. (TC, thyroid cartilage), (CCA, common
carotid artery), (ICA, internal carotid artery), and a raw
shows level the upper border of the thyroid cartilage.

Figufe 4: die?:@:l n_e'c-l:, left

-y

- ; -
side shows bifurcation of the

W

common carotid artery above to upper border of thyroid
cartilage, and origin of superior thyroid artery from
bifurcation. (TC, thyroid cartilage), (CCA, common carotid
artery), (STA, superior thyroid artery), (ICA, internal
carotid artery), (ECA, external carotid artery), (VN, vagus
nerve), and (SCM, sternocleidomastoid muscle). A raw
shows level the upper border of thyroid cartilage.
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common carotid artery above to upper border of thyroid
cartilage, and origin of superior thyroid artery from
common carotid. (TC, thyroid cartilage), (TG, thyroid
gland), (CCA, common carotid artery), (STA, superior
thyroid artery), (ICA, internal carotid artery), (ECA,

external carotid artery), SMG, submandibular gland), (CS)

carotid sheath), and (SCM, sternocleidomastoid muscle). a
raw shows level the upper border of thyroid cartilage

Figure 6: dissected neck, left side shows bifurcation of the
common carotid artery at the level upper border of the
thyroid cartilage, and origin of superior thyroid artery

from the bifurcation. (TC, thyroid cartilage), (TG, thyroid

gland), (CCA, common carotid artery), (STA, superior
thyroid artery), (ICA, internal carotid artery), (ECA,
external carotid artery). a raw shows level the upper border
of the thyroid cartilage

4. DISCUSSION

In most common cases the CCA bifurcates into
external and internal at the upper border of the TC,
really this occurs above or low to the upper cartilage.
The reports of Manisha B Sinha et al., 2019 [20];
Vatsala A R et al., 2014 [16]; Albert lo et al., 2006
[18], showed that carotid bifurcation commonly occurs
above the upper border of TC, this is a consider as
higher bifurcation, while the results of Anasuya Ghosh
et al., 2019 [19]; Deepa Devadas et al., 2018 [22]; K.
Radha, 2014 [12]; Ambali Manoj and Jadhav Surekha,
2012 [21], showed the commonest level of carotid
bifurcation was at the level of the upper border of TC,
this is considered as normal bifurcation. Moreover, no

bifurcation was found at the level of the superior border
of TC in the result of Manisha B Sinha et al., 2019 [20].
The results of this study found the commonest level of
carotid bifurcation is above the upper border of the TC.
Results of this work were in accordance with the results
of Manisha B Sinha et al., 2019 [20]; Vatsala AR et al.,
2014 [16]; Albert lo et al., 2006 [18], who stated that
higher bifurcation when the division occurs at the level
of the body of C 3, and normal if occur at the body of C
4 vertebrae. lower bifurcation is rare compared to
higher or normal ones, the result of Manisha B Sinha et
al., 2019 [20]; Anasuya Ghosh et al., 2019 [19]; Deepa
Devadas et al., 2018 [20]; Vatsala A. R et al., 2014
[16], showed no incidence of lower bifurcation, while
the results of this study and of the K. Radha, 2014 [15];
Ambali Manoj and Jadhav Surekha, 2012 [21], showed
a few incidences of lower bifurcation. Lower
bifurcation may refer to the thoracic bifurcation of the
CCA which occur in very rear cases in case of vascular
anomalies. Ampali M et al., 2012 [21], described, no
difference in carotid bifurcation on both sides, the
present study found a statistically significant difference
in carotid bifurcation on both sides. This is in
accordance with the result of Vatsala A R et al., 2014
[16], who described the same finding, and not with the
result of Ampali M et al.,, 2012 [21]. Despite the
difference in length in right and left of CCA, this does
not affect the level of the bifurcation.

Found that, the STA was found commonly
originated from CCA in the result of Preeti Sonje et al.,
2019 [14], while the result of Ranjith Sreedharan et al.,
2018 [6], found STA commonly originated from ECA,
Moreover, Albert lo et al., 2006 [18], found no more
differences in the origin of this artery either from CCA
or ECA. The present study found the origin of STA
either from ECA or carotid bifurcation was nearly about
the same, this is in accordance with the results of Albert
lo et al., 2006 [18]. Significance differences were found
in this work in the origin of the STA on both sides of
the neck, (Table 2). These differences may refer to
minor variations in bifurcation between both sides.

CONCLUSION AND RECOMMENDATION

In Sudanese, the CCA was bifurcate at a
higher level and had no big difference in bifurcation
between the right and left sides. Significant difference
was found in the origin of STA on both sides of the
neck. Higher bifurcation of CCA, and side variations in
the origin of the STA, should be put into consideration
during surgery and radiology studies.

ACKNOWLEDGMENTS

We would like to thank the head of the
departments of medical colleges, in which the study
was carried out.

© 2022 | South Asian Research Publication

25


http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Sreedharan%20R%22

FathElrahman Ab. Ib & Elghazaly A. Elghazaly.; SAR ] Anat Physiol; Vol-3, Iss- 3 (July-Aug, 2022): 22-26

ABBREVIATIONS

CCA; common carotid artery, ECA; External
carotid artery, ICA,; Internal carotid artery, TC; Thyroid
cartilage, STA; Superior thyroid artery.

ETHICS APPROVAL AND CONSENT

The ethical approval for the study was
obtained from the Ethics Committee of the Faculty of
Medicine, OIU. Sudan. The consent was taken verbal
from the head of the departments of medical colleges.

AUTHORS’ CONTRIBUTIONS

FathElrahman, conducted data collection, and
literature review, and conceptualized. Elghazaly
conducted results, discussion, and review of the final
design. All authors contributed to review and revision
to final approval and version.

REFERENCES

1. Harlod, E. (2006). Clinical anatomy. A revision
and applied anatomy for clinical students. 11" Ed.
Blackwell Science, Blell. Replika Press, 316-318.

2. Moore, K. L., & Agur, A. M. R. (2007). Essential
Clinically. 3rd ed. Lippincott Williams & Wilinks.
Canada, 597-599.

3. Henry, G. (2000). Anatomy of the Human Body.
20™ Ed. The Arteries of the Head and Neck,
Common Carotid Artery. New York. Bartleby,
912-915.

4. Uzun, L., Kokten, N., Kilicaslan, A., Tasel, B.,
Kalcioglu, M. T., & Tekin, M. (2013). Bilateral
lower cervical bifurcation of the common carotid
artery. Case reports in otolaryngology, 10(115),
889-911.

5. Woldeyes, D. H. (2014). Anatomical variations of
the common carotid artery bifurcations in relation
to the cervical vertebrae in Ethiopia. Anatomy &
Physiology journal, 4(2), 940-943.

6. Sreedharan, R., Krishna, L., & Shetty, A. (2018).
Origin of superior thyroid artery: under the
surgeon’s knife. Jornal Vascular Brasileiro, 17(4),
290-295.

7. Gerard, J. T., & Bryan, D. (2014). Principles of
anatomy and physiology. 14" Ed. The
Cardiovascular  System, Blood Vessels and
Hemodynamics. Bryan Derrickson. John Wiley &
Sons, 744-748.

8. Pujia, A., Rubba, P., & Spencer, M. P. (1992).
Prevalence of extracranial carotid artery disease
detectable by echo-Doppler in an elderly
population. Stroke, 23(6), 818-822.

9. Fabris, F., Zanocchi, M., Bo, M., Fonte, G., Poli,
L., Bergoglio, I., ... & Pernigotti, L. (1994). Carotid
plaque, aging, and risk factors. A study of 457
subjects. Stroke, 25(6), 1133-1140.

10. Guillot, F. (1999). Atherothrombosis as a marker
for disseminated atherosclerosis and a predictor of

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

further ischaemic events: a review. European heart
journal supplements, 1(A), A14-A26.

Gnasso, A., Irace, C., Carallo, C., De Franceschi,
M. S., Motti, C., Mattioli, P. L., & Pujia, A. (1997).
In vivo association between low wall shear stress
and plaque in subjects with asymmetrical carotid
atherosclerosis. Stroke, 28(5), 993-998.

Fisher, M. (1951). Occlusion of the internal carotid
artery. AMA  Archives of  Neurology &
Psychiatry, 65(3), 346-377.

Hollander, M., Bots, M. L., Del Sol, A. I,
Koudstaal, P. J., Witteman, J. C. M., Grobbee, D.
E., ... & Breteler, M. M. B. (2002). Carotid plaques
increase the risk of stroke and subtypes of cerebral
infarction in asymptomatic elderly: the Rotterdam
study. Circulation, 105(24), 2872-2877.

Sonje, P., Kanasker, N., & Vatsalaswamy, P.
(2019). Significance of level of bifurcation of
common carotid artery and variant branches of
external carotid artery in cervicofacial surgeries
with  ontological explanation: a cadaveric
study. International Surgery Journal, 6(10), 3681-
3686.

Radha, K. (2014). Bifurcation levels of the
common carotid arteries: a cadaveric study in south
Indian population. Int J Anat Res, 2(3), 511-14.
Vatsala, A. R., Ajay, K. T., G. F. Mavishettar., &
Sangam. (2014). A study of anatomical variations
of the common carotid arteries, a cadaveric study.
Int J Anat Res, 2(1), 262-265.

de la Arteria, N. D. B., & en Relacion, C. C.
(2006). Common carotid artery bifurcation levels
related to clinical relevant  anatomical
landmarks. Int. J. Morphol, 24(3), 413-416.

Lo, A., Oehley, M., Bartlett, A., Adams, D., Blyth,
P., & Al-Ali, S. (2006). Anatomical variations of
the common carotid artery bifurcation. ANZ journal
of surgery, 76(11), 970-972.

Anasuya, G., Subhramoy, C., & Atin, D. (2019).
Variations, relations and clinical significance of
carotid arterial system in anterior neck, a cadaveric
study. International Journal of Research in Medical
Sciences, 7(4), 1127-1132.

Manisha, B. S., Nibedita, N., Human, P. S., Neeraj,
G., & Pooja, S. (2019). Variation in common
carotid artery bifurcation level, a computed
tomographic study. International Journal of
scientific research, 8(6), 2277-8179.

Ambali, M., & Jadhav, S. (2012). Variations in
bifurcation point and branching pattern of common
carotid arteries: A cadaveric study.J Pharm
Biomed Sci, 25(25), 147-51.

Devadas, D., Pillay, M., & Sukumaran, T. T.
(2018). A cadaveric study on variations in
branching  pattern  of  external  carotid
artery. Anatomy & Cell Biology, 51(4), 225-231.

© 2022 | South Asian Research Publication

26



