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Localization of the Carotid Bifurcation According to Hyoid
Bone and Mandibular Angle
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SUMMARY: The aim of this study was to determine the carotid bifurcation level in relation with the hyoid bone and mandibular
angle. Common carotid artery is the largest artery in the neck, and it gives off two terminal branches, namely exteenabboarottd
arteries. The bifurcation level of it shows variations, however it is usually situated at the level of C4 vertebra opat therdgr of
thyroid cartilage. On the other hand, carotid bifurcation may be situated as low as T3 vertebra, or as high as the levsbioé hiyo
this study, conventional angiographic images of 112 patients were used. The distances of carotid bifurcation to hyoit&odie alad
angle were measured on those images. In addition, right and left side difference was determined. The distance of catiotidditrc
to the mandibular angle was measured as 24267 mm on the right and 20.28.75 mm on the left side in males, and 1% 889
on the right, and 18.59.25 mm on the left side in females. Distance between the carotid bifurcation level and hyoid bone ranged 1.94
+12.69 mm in female and 3.@0.00 mm in male on the left side. Having information about the level of carotid bifurcation is important
in surgical and radiological procedures for determining the appropriate surgical procedure, and to prevent complicatimwve tvatbe
the results of this study will shed light to planning of all interventions concerning common carotid artery.
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INTRODUCTION

Carotid artery surgery is quite dangerous, anfirst part of internal carotid artery (ICA), and CCA and ECA
therefore it is important to have information about theriginated from aortic sac, and this was the reason for the
anatomical structures in this region (Aetal, 2007; Snell, variations. A left CCA arising from brachiocephalic trunk is
2012). There are controversies about the relation of commaifrequently seen variation. In this case, bifurcation is situated
carotid artery (CCA) and its neighboring structures (&hu at an upper level, at the level of hyoid bone. Occasionally,
al.; Snell; Barnetet al, 1998). It is important to have CB is situated at the level of midpoint of larynx, or at the
information about the anatomy and the level of caroti¢vel of inferior border of cricoid cartilage. Some authors
bifurcation (CB) before surgical procedures and interventiorigported that CCA run in the neck without giving off its ter-
of CCA to minimize morbidity and mortality. CCA is the minal branches, or its terminal branches directly originated
largest artery in the neck. Although it originates fronfrom aortic arch (Boyd; Anangwet al, 2008).
different arteries on the right and left sides of the neck, it
usually bifurcates at the level of upper border of thyroidhe variations of CCA are encountered in angiographic
cartilage (Snell; Barnett al; Moore & Dalley, 1999). Right images, cadaver dissections, and surgical procedures.
CCA usually takes its origin at the level of sternoclaviculaflthough the level of CB is usually asymmetrical on the left
joint, however its origin may be at a superior level in 129nd right sides, it is situated at the level of C6-C7 on the
of the cases, or it may originate as a separate artery from tigét, and at the level of C5-C6 on the left side (Gulsen
aortic arch (Vitek & Reaves, 1973). Boyd (1934) has statéd., 2009; Kurkcuogliet al, 2015). Sasaket al (2013)
that a low CB results if external carotid artery (ECAyeported that CCA did not branch off in a 68-year-old male,
originates from third aortic arc, close to the aortic sac. Moffas seen on preoperative angiography. Mayeinad, noted
(1959) suggested that third aortic arc contributed only to thieat abnormalities of aortic arch might cause blood supply
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problems in brain, since it might change blood flow patter@tatistical analysis. The analysis of data was performed
of the cerebral arteries (Manyarea al, 2011). Having with SPSS 17.0 (SPSS Ver. 17.0, Chicago IL, USA)
information about the possible variations of CCA andtatistical package program. The normality of distribution
external carotid artery is quite important in head and neck the variables was analyzed with Shapiro-Wilk test. The
surgery (Prajaktat al., 2011). Close neighborhood ishomogeneity of the group variances was analyzed with
important particularly for the surgical procedures of recurrehievene test. Student’s t- test was used for comparison of
laryngeal nerve, vertebral artery, and thyroid gland (Gulséhe means of parametric variables between two independent
et al). groups. The means of two dependent groups were

compared using paired t- test. The medians of two

In this study, we aimed to determine the variationsmndependent groups’ variables that did not fulfill the

of CB level in relation with two different reference pointsprerequisites for the parametric tests were compared with
analyze the differences between right and left sides, aMthnn Whitney U test. The medians of dependent groups
investigate the relation between level of CB and the lengitere compared with Wilcoxon test. The correlations among
of neck. the variables were analyzed with Spearman rho correlation

coefficient. The categorical variables were presented as

frequency (n) and percent (%). P<0.05 was regarded as
MATERIAL AND METHOD statistically significant.

All measurements were performed retrospectively oRESULTS
conventional angiography images of 112 patients (70 ma-
les, 42 females) between the ages of 22 and 91 years, in
Radiology Department of Baskent University Faculty of The bifurcation level of the CCA was analyzed on
Medicine. Our study was approved by Institutional Reviewhe angiography images of 70 males and 42 females. The
Board (KA 14/19). Digital subtraction angiography (DSA)ages of the females ranged between 32 and 90 years (71.34
device (Siemens Artis Zee monoplan) was used in atl10.21 years), and the ages of the males ranged between
patients. The patients were prepared for the procedure ung@rand 82 years (71.2411.34 years). The neck length
standard sterile conditions, while they were lying on theas 57-114 mm (76.6011.03 mm) in female and 45-108
angiography table. Following local anesthesia, a 4F or 5fm (75.7Gt 10.14 mm) in males, without any statistically
introducer was placed into the right or left common femoraignificant difference between the gendee)(p5) (Table
artery. A 4F pig-tail catheter glide was advanced into tHg.
aortic arch through the guidewire, and aortic arch
aortography was performed. Later, the branches were  All measurements were performed bilaterally, and
selectively catheterized with Simon 1 and Simon 2 catheteiswas found that CB was at the level of the mandibular
The mages obtained were installed into CT Leonardo, MBngle or below it in all patients. The results are presented
Satellite work stations, and the measurements were made. Tid&able Il. CB was exactly at the level of the mandibular
patients’ heads were held still in neutral position using a straangle in 2 women and in one man on the right side, and in
all through the procedure. Radiograms obtained in all othene woman and in two men on the left side. CB- the
positions (hyperextension, lateral rotation etc.) except neutralandibular angle was found longer in men compared to
position were excluded from the study. In each patient, laterabmen on the both sides. There was no difference between
(left or right) and oblique (left or right) radiograms werethe right and left sides for distance of CB to the mandibular
obtained during selective CCA injections. In some cases, angle (p=0.349 for males and p=0.417 for females).
anteroposterior radiogram was also obtained.

The position of CB in relation with hyoid bone was

The same investigator determined the distance of CBialyzed: O indicated a CB at the level of hyoid bone, (+)
to the mandibular angle and body of hyoid bone on bothdicated a CB above the level of hyoid bone, and (-)
sides (Fig. 1). The distance between the mandibular angielicted a CB below the level of hyoid bone. When all
and midpoint of the clavicle was used to measure the lengthtients were taken into consideration, CB was at the level
of neck. The patients who had neck surgery or interventionéthe hyoid bone in 39.0 %, below it in 25.0 %, and above
directed to CCA or its branches were excluded from the studlyin 36.0 % of the patients on the right side. On the left
In addition, presence of hyperextension or excessive latesadle, CB was at the level of hyoid bone in 31.0 %, below it
rotations of the neck during the procedure were regardedias23.0 %, and above it in 46 % of the patients. The
exclusion criteria. differences were not statistically significant (p=0.176 for
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Table |. The age (year) and neck lengths (mm) of the patients.

Female Male P
(n=42) (n=70)
Age (years) 71.34 £10.21 71.24 +11.34 0.501
Mean + SD
Median (min-max) 73.50 (37-81) 76.00 (22 -82)
Neck length (mm) 76.60 = 11.03 75.70 +£10.14 0.892
Mean + SD
Median (min-max) 72.00 (57 —114) 77.50 (45-108)

males, and p=0.905 for females). CB-hyoid bone is
presented in Table Il. CB was abovelthel of hyoid
bone only in 6 men on the right side, and it was below
the level of hyoid bone on the left side.

The CB levels were asymmetrical in 7 (6.25
%) males in relation to the level of the hyoid bone on
the right and the left sides. The CB level was below
the level of the hyoid bone on the right side, and it
was above the level of hyoid bone on the left side in 3 |
of those patients. In addition, CB level was above the |
level of the hyoid bone on the right side, and below
the level of the hyoid bone on the left side in 4 male
patients. This situation was not observed in female
participants.

We analyzed the relation of neck length with
the distance of CB to the mandibular angle. We
calculated the mandibular angle / neck length for this
purpose. This ratio was 1/3.62 on the right and 1/3.80
on the left side in women, and 1/3.95 on the right and
1/ 4.01 on the left side in men. As a practical result, Fig. 1. Localization of the carotid bifurcation according to hyoid bone

we mav sav that CB is situated at the intersection 0imand mandibular angle. MA: mandibular angle, HB: hyoid bone, CB: carotid
of uper ]/):1 and lower 34 of the neck P bifurcation, CB-MA: the distances of carotid bifurcation to mandibular

angle, CB-HB: the distances of carotid bifurcation to hyoid bone.

Table II. The distances(mm) of carotid bifurcation to the mandibular angle and hyoid bone.

CB - The mandibular angle (mm) CB —Hyoid bone (mm)
Right side Left side p Right side Left side p
Mean + SD Mean £ SD Mean = SD Mean + SD
Median (min-max) Median (min-max) Median(min-max) Median(min-max)

smale 19.72 £8.89 18.5+9.25 0417 2.31+9.08 1.94 +12.69 0.905
1=42) 22.00 (0-36) 19.50 (0-35) 0.00 (-16- 25) 0.00 (-34- 34)
fale 21.26 +£8.57 20.25 +£8.75 0.349 2.32+9.51 3.04 £9.00 0.176
1= 70) 21.00 (0-44) 20.00 (0-38) 0.00 (-24- 28) 0.00 (-20- 28)

DISCUSSION

In this study, the level of CB was determined irCB in relation with the levels of cervical vertebrae (Anangwe
relation with the mandibular angle and hyoid bone in 11t al; Gulseret al; Klosek & Rungruang, 2008). However,
patients. Previous studies usually determined the level w6 studies up to date investigated two reference points we
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used together, or showed the relation between neck length amdphasized that CB was usually situated at the level of C4 or
mandibular angle in relation with CB level. Variations of CCAabove thyroid cartilage; however it might be as low as T3
are clinically important in a number of surgical proceduregertebra or as high as superior to the hyoid bone. In our study,
including ligation of external carotid artery, intra-arterialve analyzed both sides in 112 angiography images, and CB
administration of chemotherapeutic agents, interpretation wlas seen above the hyoid bone in 46 %, at the level of the
digital subtraction angiography, and during radical neckody of the hyoid bone in 31%, and below the hyoid bone in
dissection (Glunciet al, 2001; Rileset al, 1993). Most 23 % of the cases. Those results are similar to the results of
dissertations have stated that CCA bifurcates at the levelld et al
the superior border of thyroid cartilage (Klosek & Rungruang;
Kurkcuogluet al; Moore & Dalley). Itcet al. (2006) reported Gulsenet al reported that the level of CB was
a high common CB in 25 (31.2 %), a standard bifurcatioasymmetrical on the left and right sides (at C6-C7 on the right
(C4) in 46 (57.5 %), and low bifurcation in 9 (11.3 %) patientside, and between C5 and C6 on the left side), and therefore
in their series of 80 cases. one must be careful of the difference between the right and
the left sides. An asymmetrical CB level was reported in 48%
Less commonly, authors described that CCA mosif the cases by Let al, in 33 % of females and 22 % of the
commonly bifurcated at the tip of the greater horn of the hyoidales by Klosek & Rungruang, and in 37.5 % of the cases by
bone (Morimoteet al, 1990). The hyoid bone may be palpatedio et al
a few centimeters below and behind the chin, especially if the
neck is extended. It may be palpated between the finger and  In our study, we found that the CB levels were
thumb, and moved from side to side. The hyoid bone liesymmetrical in only 7 male patients, however such an
approximately at the level of third cervical vertebra (Strandingsymmetry was not seen in females. Referring different levels
2005). of CB on the right and the left sides as “asymmetry” may be
disputed; however CB localization was different on two sides
Prajactaet al, reported that left and right CB werein 6.25 % of the patients. In addition, in our study, we did not
situated 1 cm above the level of hyoid bone in a 72-year-olohserve any asymmetry in relation with the mandibular angle.
male cadaver (Prajaket al, 2011). Anangwet al found All CB were at the level of the mandibular angle, or below it.
that CCA bifurcated at a high level in 63.8% of the cadavers,
and the right CCA originated at a higher level in 10%, and at Klosek & Rungruang analyzed the level of CB in
a lower level in 2.6% of the cadavers studied. Prajetkéd, relation with the cervical vertebrae (particularly C4), thyroid
used hyoid bone as a reference point for CB, and determingattilage, and angle of mandible.
that the distance between CB and horn of hyoid bone was 1
cm on both sides. In may be seen that the results of all They reported that CB level was asymmetrical in 33%
aforementioned studies are similar. In our study, the distaneemales and 22 % of females, and there was no bifurcation in
between CB and hyoid bone was found as 2.808 mm on four cadavers. They also stated that the most frequently seen
the right, and 1.94 12.69 mm on the left side in women, andevel was C4, the localization was not the same on the right
as 2.32t 9.51 mm on the right and 3.@8.00 mm on the left and the left sides, it was usually 6 mm superior to the thyroid
side in men. In men, CB was situated at a lower level on bathrtilage, and angle of mandible could be used as a reference
sides. Our results were different from the other studies in theint (Klosek & Rungruang). The authors reported that CB
literature, because we did not measure the distance of CBawgel was at a more inferior level in males, without any
the greater horn of the hyoid bone, but to the midline of thdifference in the left or the right sides. Further, CB in the
body of the hyoid bone. We accepted this point as the referersaample population was located below gonion (Go) of the
point because the body of the hyoid bone may be more cleamandible, and the CB—-Go measurements varied from 1.0 to
identified on physical examination of neck, and structura.8 cm in women, and from 1.0 to 6.5 cm in men. Mean CB-
alterations of the greater horn of hyoid bone on the right afigb distances were as follows: 3®.8 cm (right) and 3.1
left sides might cause different measurements. 1.2 cm (left) in women, and 3£50.9 cm (right) and 3.21.2
cm (left) in men. Measurements of CB—Go on the left sides
Lo et al (2006) performed a study on 36 cadaversyere significantly different in studied gender groups (P = 0.02);
and found that the CCA bifurcated at the level of the body dibwever, no statistical difference was found within each group
the hyoid bone in 15 (88.9 %), at the superior border of thyroidr both sides. The CB—Go distance may be more useful in
cartilage in 11 (42.3 %), and at the tip of the greater horn ofinic due to easy evaluation. The Doppler ultrasound
hyoid bone in 8 (15 %) cadavers. In 15 of 31 cadavers (48 %gchniques indicated wide variability @B location ranging
the levels of CCA bifurcation were asymmetrical between tifeom 0 to 7 cm below the gonion point, and the mean distance
left and right sides. In an angiographic study, Morinedtal ~ was 3.2+ 0.1 cm on the right side of the neck, and#3062
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cm on the left side, without a regard to gender (Schulz &f carotid artery bifurcation should be regarded by surgeons

Rothwell, 2001). Our result were similar to this study, howevegrerforming procedures in head and neck area. Some others as

CB - the angle of the mandible- gonion was 1987829 mm carotid sinus stimulation should also be discussed before, and

on the right and 184#9.25 mm on the left side in women, andduring its surgery. In addition, physicians, radiologists,

21.26+ 8.57 mm on the right and 20.28.75 mm on the left anesthesiologists and nurses should pay more attention to vi-

side in men. Therefore, we found that CB level was closer tal sign monitoring and thorough preparations for emergency

the angle of mandible without any difference between rigisurgical procedures that involve manipulation of the carotid

and left sides. In our study, we also measured the lengthssafus. We believe that the results of this study will support the

the necks. The neck lengths were bilaterally longer in meale of the operating theatre nurse and demonstrates the impact

(Table I). We determined the location of CB in relation witlthat nurse—patient relationships can have on patient experience.

the neck length and its distance to angle of the mandible. We

found that CB was situated at the at the intersection point of
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It is extremely rare for the CCA to give off multiple Baskent University Faculty of Medicine, for their help with

branches in the neck without undergoing a bifurcatiothe measurements.

(Morimoto et al; Nishizawaet al, 1986). Ooigawat al.

(2006) reported a similar condition in a 67-year-old female,

and reported rupture of aneurysm one month after angiograpRy)RKCUOGLU, A.: PELIN, C.: OKTEM, H. & AYTEKIN,

In our study, we did not see any non-bifurcated CCA. CB iS. Localizacion de la bifurcacién carotidea segtn el hueso hisides

the most frequent site for atherosclerotic plague formatiop.el &ngulo mandibularint. J. Morphol., 35(3p01-906, 2017.

Moreover, alteration of the carotid sinus pressure resulting

from neck palpation or electric stimulation may cause carotid RESUMEN: El objetivo de este estudio fue determinar el

baroreflex (Filippone & Bisognano, 2007). In addition ccahivel de bifurcacion carotidea en relacion con el hueso hioides y el
is an important landmark in head f,:lnd neck surgery (,jefini angulo de la mandibula. La arteria carétida comun es la arteria
' as grande del cuello, y tiene dos ramas terminales, las arterias

the plane of dls,secuon d_urlng neck dissection (L_Lmem’ carotidas externa e internas. El nivel de bifurcacion muestra varia-
2000). Conventional angiography has been considered as ()¢5 sin embargo suele situarse a nivel de la cuarta vértebra
most accurate technique for evaluating internal changes in Gvical o en el margen superior del cartilago tiroideo. Por otro
such as stenosis, however predicting the location of CB levatio, la bifurcacién carotidea puede estar situada tan baja como a
and external anatomical landmarks which can be clinicalljivel de la tercera vértebra toracica, o tan alta como a nivel del
used, remains an important goal on external physiCQUeso hioides. En este estudio se utilizaron imagenes angiograficas

examination of neck (Schulz & Rothwell). We designed thigonvencionales de 112 pacientes. Se midieron las distancias de la
study to serve this purpose. bifurcacion carotidea con el hueso hioides y el &ngulo de la mandi-

bula en esas imagenes. Ademas, se determind la diferencia entre

los lados derecho e izquierdo. La distancia entre el nivel de bifur-

cacion carotidea y el angulo de la mandibula se midio, siendo de
CONCLUSION 21,26+ 8,57 mm a la derecha y 20,23,75 mm en el lado iz-

quierdo, en los hombres, y 19#8,89 a la derecha y 183,25

mm a la izquierda en mujeres. La distancia entre el nivel de bifur-

In conclusion, having information about the CB levetacion de la carétida y el hueso hioides oscild entre192169

variations is important for carotid endarterectomymm en mujeresy, 3,849,00 mm en hombres, en el lado izquier-
catheterizations, radical neck dissections, vascular aneurysfif,La informacion sobre el nivel de bifurcacion carotidea es im-
and vascular surgical interventions in the neck. In additioROrtante en los procedimientos quirdrgicos y radiol6gicos para
having information about any abnormal branching is necess&lgre"minar el procedimiento quirdrgico apropiado y prevenir com-

. . . . caciones. Creemos que los resultados de este estudio arrojaran
for _the diagnosis and treatm_ent of 'ntr,acramal_aneurysms'_ S ala planificacion de las intervenciones relacionadas con la ar-
believe, that the results of this study will shed light to planningia carétida coman.
of all interventions concerning CCA and its branches, as well
as all surgical procedures performed in the neck, taking the PALABRAS CLAVE: Bifurcacién carotidea; Hueso
right and left sides into consideration, and will help to minimizaioides; Angulo de la mandibula; Angiografia digital.
complications. The clinically prevailing variations of the levet
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