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Effect of Internal Carotid Artery Aberrations on the
Distance Between Styloid Process and Carotid Artery

Efecto de las Variaciones de la Arteria Carétida Interna en
la Distancia entre el Proceso Estiloides y la Arteria Caroétida
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SUMMARY: The objective of this study was to evaluate the role of the variations of carotid artery course on the relationship
between styloid process (SP) and internal carotid artery (ICA). Carotid CT angiography scans of 170 patients were réjyrospective
evaluated. The variability of the course of ICAwere classified. The length and medial angulation of the SP were measomatl on co
3D images. On axial images, the shortest distance between the bone edge of the SP and ICA were measured. The distaRce between S
and ICA among the course patterns of carotid artery were compared statistically. In the comparison of distances betw€&n SP and
with respect to the course of ICA, the difference between straight and curving (p <0.001) was statistically significagic&liseth
the separation of ICA and SP. The highest and the shortest distance was at the curving and coiling group, respectiveihat/e foun
SP-ICA distance has a positive and negative correlation with SP angle (p<0.001) and SP length (p<0.001), respectivedg dthe cour
ICA is one of the major determinants affecting the relationship of ICA and SP. The curving pattern of ICA has a tendeeageo in
the distance between SP and ICA.
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INTRODUCTION

Styloid process (SP), cornu minus of the hyoid bone Risk factors causing compression of carotid artery have
and stylohyoid ligament form the stylohyoid complexbeen described in various studies. Elongation of SP,
(Basekimet al, 2005). Styloid process is a cartilaginousalcification of the stylohyoid complex, and narrowed SP angle
bone at the base of the temporal bone and a close relationstigp major factors for bony compression and the stylocarotid
of SP with internal carotid artery (ICA) causes a clinicallpyndrome (Pokharek al, 2013; Buruldagt al, 2017; Eraslan
relevant condition. Calcification of stylohyoid complex ancet al, 2017). Variations of the course of carotid artery also
elongation of SP may give rise to Eagle syndrome whichlgve an important role on the relationship between ICA and
generally divided into two common presentations called &P. Getting closer of carotid artery with pharyngeal wall may
classic Eagle syndrome and stylocarotid form (Sveinssonlead hemorrhagic complications in surgical procedures of this
al., 2013). The occurrence of symptoms is related with thiegion (Gossneet al, 2013). Therefore, various anatomical
distortion of adjacent anatomical structures by elongated $P.angiographic studies have been reported to classify the
In the vascular or stylocarotid form of Eagle syndrome, SRiriations of the course of carotid artery (Fagaal, 2007;
is in contact with the extracranial segment of ICA (Sveinssdbossneret al; Zentenoet al, 2014). The classification
et al). Impingement of internal or external carotid arterglescribed by Weibel & Fields is the most accepted one in the
may cause pain along the distribution of the artery ariterature. Kinking, coiling and elongation are the main titles
headache or migraine by stimulation of the sympathetic neroé course variations of carotid artery in this classification
plexus associated with the artery (Chuangaal, 2007). (Weibel & Fields, 1965a,b). Itis well known that the prevalence
Patients presenting with carotid dissections and neurologidatreases with age (Gossredral). However, it is not clear
symptoms have been described (Faieteal., 2009; whether the displacement of artery secondary to tortuosity
Sveinssoret al; Aydin et al, 2018). decreases ancreases the risk of ICA-SP contact. There are
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a few publications related to medial or lateral displacemetite line connecting the base of the SPs and the axis of the SP

of ICA at which the distance between the carotid artery anehs also measured on coronal plane 3D images as previously

pharynx have been investigated (Litral, 2014; Pfeiffer described in the literature (Basekanal).

et al, 2016). Herein, we aimed to evaluate the effect of

carotid artery course variations on the relationship between It has been mentioned that the proximity of ICA and

ICA and SP at CT angiography (CTA) scans. SP is present not only at the tip of the SP but also may occur
among all the parts of SP (Fazenal; Eraslanet al).
Therefore, the shortest distance between the bone edge of

MATERIAL AND METHOD the SP and the wall of ICA was measured on axial images.

Patient population. The carotid CTA scans of 280
consecutive patients between June 2016 and January 2
were retrospectively evaluated. Carotid occlusions, caro
stents, vascular abnormalities such as carotid hypoplag
carotid endarterectomies, inadequate examinations due
motion artifacts were excluded. A total of 170 patients we
included after the exclusion.

Imaging protocol. A 64-slice CT scanner (Toshiba Aquilion
64, Toshiba Medical Systems, Tokyo, Japan) was used
obtain the CTA examinations. The bolus tracking techniq
was performed and scanning was initiated when the contr.
attenuation in the aortic arch reached 100 Hounsfield uni
Scanning range was from the ascending aorta to the vert

Measurements The images were transferred to a dedicate _ 4 ks 2 \
workstation and after the reconstruction 3D images WeEgy 2. Curvn of bilaterl 'I‘CAS on 3D CT image (arrows).
obtained. All scans were evaluated by a single radiologigfedialization of right ICA secondary to curving causes seperation
The length of SP between the attachment point to the tegithe artery and SP.

poral bone and the tip was measured on coronal plane 2 —
images. The ossified stylohyoid ligament segment at the
of SP was also added to the length of SP. The angle betw
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Fig. 1. Coronal 3D CT image shows the bilateral kinking of ICAFig. 3. Kinking of'thigt and cbilng of the left ICAs at different
Note that ICAs are in touch with SP (arrows). levels on 3D CT image (arrows).
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The aberrant course of the cervical ICA was evaluatdeble II. The mean measurements of the right and left sides.

according to the classification defined in the literature. The Right Left P

course of the ICA was classified as straight without anysP Length 26.12 £7.97 25.81 +7.20 0.436

curvature. Curving was elongation of the artery with aSP Angle 69.96 +5.15 70.40 +4.85 0.229
ICA-SP 4.96+3.12 4.99 +2.83 0.878

deflection angle of more than 9@ith displacement. Sharp
bend of the vessel with a deflection angle of*¥98s defined SP: Styloid process, ICA: Internal carotid artery.

as kinking. A loop of 360was noted as coiling (Figs. 1 to 3)

(Weibel & Fields, 1965a,b; Paulsenhal, 2000; Pfeiffelet Mean medial angle of the right and left SP were
al.). The level of kinking and coiling was also noted ameasured as 698.1° (range 56.7-85.9), 70:4.8° (range
nasopharynx or oropharynx. 58.6t84.6), respectively.

Statistical analysis.Normality controls for continuous The distance between SP and ICA showed positive
measurements wetested with the Shapiro Wilk test. Pairedand negative correlations with SP angle (p<0.001) and SP
Samples t test was used for the differences between the rifghtgth (p<0.001), respectively (Table 111). However, coiling
and left measurements of each parameter. Student t test eadses disruption of this correlation (Table V).

variance analysis were used for the differences between groups.

The Levene test was used for the homogeneity of the variancggyle 111. The relationship between ICA-SP distance and SP Angle/
When variance was homogenous One-way ANOVA was usegngth.
and the Welch test was used when it was not homogenous.

' A SPAngle SP Length
Bonferroni and Games Howell tests were used for multiple r 0.260 0361
comparisons. Mean and standard deviation values were usé@A-SP distance b <0.001 <0.001

as descriptive statistics. Relationships between continuogs. Styloid process, ICA: Internal carotid artery

measurements were tested by Pearson correlation test. For

statigical significance, p <0.05 was taken. ) ) )
9 P Table IV. The relationship between ICA-SP distance and SP length/

.angle with respect to ICA aberrations.
The approval for the study was taken from Mersin gew P !

University Ethical Committee of Clinical Researches. ICA-SP distance
Straight Curving  Kinking  Coiling
r -0.545 -0.430 -0.100 -0.153
RESULTS SPlength <0001 <0001 0352 0509
0.385 0.168 0.348 0.143
SPangle <0001 0040 0001 0537

A total of 76 (44.7 %) women and 94 (55.3 %) MeRp; Syioid process, ICA: Internal carotid artery.
were included in the study. The mean age of the patients
was 60.£14.5. The mean age of the women and men was Table V shows the classification of ICA-SP distance,
61.4:15.5 and 60413.7, respectively. When the sexes irSP length and SP angle with respect to the course of the
terms of the mean age were compared, the difference veatery.
found to be statistically nonsignificant (p = 0.575).

The distance of ICA/SP between straight-curving
The distribution of ICAs with respect to the coursgp<0.001), curving-kinking(p<0.001) and curving-coiling

of the artery is shown in Table I.

Table I. The frequency of internal carotid
artery course patterns.

N (%)
Straight 81 (23.8)
Curving 150 (44.1)
Kinking 88 (25.9)
Coiling 21(6.2)

(p<0.001) was statistically significant.

The length of SP was statistically different between
straight and curving group (p=0.012). Therefore, for the
parameter of ICA-SP distance, univariate analysis was
performed from the general linear model, and the SP length
parameter was included in the model as a random factor. In
other words, after the effect of the SP length parameter was
removed, the differences of ICA-SP distance between the
groups of ICA course were examined again. Accordingly,

Mean length of the right and left SP was measured gfe differences between straight and curving (p <0.001),

26.1+7.9 mm (range 4.9—67.2 mm), 25782 mm (range 8-
49.5 mm), respectively (Table II).

curving and kinking (p <0.001), curving and coiling (p =
0.002) were found to be statistically significant.

1333



ESEN, K.; BALCI, Y.; OZGUR, A.; ERDOGAN, S. & TEN, B. Effect of internal carotid artery aberrations on the distance between styloid process and carotid artery.
Int. J. Morphol., 39(5)L331-1336, 2021.

Table V. The classification of the mean ICA-SP distance, SP length and SP angle with respect to the course of the artery.

. _ . _ Kinking Coiling
Straight (N=81) Curving (N=150) (N=88) (N=21) P
SP Length 28,18 +7,65 24,96 + 7.42* 25,23 +£7.29 27.77 £8,18 0,009
SP Angle 69.74 +£5.30 70.60 + 4,93 70.00 + 5,07 69.69 + 3,92 0,577
ICA-SP Distance 4,20+2,13 6,13 +3,23* 3,99 + 2,707 3,81+2.04" <0,001

*: Differences with straight : Differences with curving f:Differences with kinking. SP: Styloid process, ICA: Internal @deuid

DISCUSSION

The stylocarotid form of Eagle syndrome occurdetween the ICA and nasopharyngeal subsites. The shortest
secondary to the compression of carotid artery by tliistance between ICA and nasopharyngeal wall was found in
elongated SP or calcified stylohyoid ligament. Thereforéhe curving group in the same study (Liehal). In this
evaluating the relationship of SP and ICA gains a criticabntext, our results are consistent with the findings of Pfeiffer
importance in the diagnosis of the disease. Computetial and Lienet al Curving or elongation of ICA may be
tomography angiography is the most appropriate imagiragcepted as a negative risk factor for the contact of ICA and
modality that provides assessment of the distance betwetd However, this study evaluated only the relationship
two structures in different planes and evaluation dfetween SP and ICA via the distance between two structures.
accompanying abnormalities or variations. The SP is a fix€h the other hand, it is well-known that a closer relationship
bony structure adjacent to the carotid artery (Rasatl, or a contact may not cause stylocarotid syndrome.

2011). The risk factors affecting the SP-ICA relationship
related with bony component have been reported in the An elongated SP, abnormal angulation of SP and
literature. Aberrant course of cervical ICA has been denotstiorter distance between SP and ICA have been pointed out
another risk factor for the contact between SP and ICA.ds risk factors for cervical carotid artery dissection and
has been mentioned that the factors except the length of §focarotid artery syndrome (Chuargal; Raseret al;
are probably rendered insignificant by the variability of ceMuthusamiet al; Renarcet al, 2013; Eraslasat al; Amorim
vical ICA (Muthusamet al, 2013). The role of the aberrantet al, 2018). Althaigh the role of elongation is commonly
course of ICA has not been well-defined and no definitivaccepted, it was claimed that longer SP might indirectly
relationship has been reported in the literature. Neverthelesspresent a closer proximity to the carotid artery (Reetard
due to the diversity of arterial variations it seems feasible &b.) and the appearance of the stylocarotid artery syndrome
establish a relationship between the course variations anchot dependent merely on the existence of an elongated SP
SP-ICA distance. Various descriptions have been definedwdich may occur even with a SP of normal length (Chuang
classify the ICA aberrations in the literature. We used thet al; Renarcet al; Eraslaret al). Furthermore, the role of
classification system at which course of ICA were dividedither medial or lateral angulation is controversial. Thus,
to four groups as straight, curving, kinking and coiling. Théhere are various reports related with the length and
difference between the straight and curving group wasgulation of SP in carotid artery dissection and Eagle
statistically significant in the comparison of patterns of ICAyndrome. Buruldat al, reported that decrease in the
course with respect to the ICA-SP distance and curvirmpronal plane angle of SP in Eagle syndrome patients is more
caused separation of ICA and SP. However, kinking ararongly related to increased symptoms than the length of
coiling did not have any significant effect on ICA-SPthe SP. In the study reported by Yawtal (2008) the ante-
distance. rior angulation and the length of the SP have been reported
as responsible for the symptoms of Eagle’s Syndrome. Raser

Proximity of ICAs to the pharynx secondary toet al. did not demonstrate an association between SP
aberrations causes a clinical relevance. In the study reporgejulation and dissection. Mathusaaial, did not find
by Pfeifferet al, the 91.8 % of aberrant K5 show medial any association between angulation of SP and increased risk
displacement. It was also mentioned that the vessel’s mininfaf carotid artery dissection and also mentioned that contact
distance to the pharyngeal wall does not correlate wittetween the SP and ICA is facilitated by a long SP
anatomic classification and on average, this distance was@#tathusamiet al, 2013). In the present study, there was a
milar for vessels with tortuosity/kinking and larger for vesselpositive correlation between SP angle and SP-ICA distance.
with coiling. Lien et al. reported that most of the ICA The correlation was negative between SP length and SP-
aberrations are medial deviations and the increased seveldA distance. Coiling was the only pattern that both of the
of nasopharyngeal ICA aberrancy did not shorten the distancesrelations were not detected.
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The etiology of ICA variations is controversialgsgn, K.: BALCI, Y.: OZGUR, A.: ERDOGAN, S. & TEN, B.
whether they are congenital or acquired (Fataal). It Efecto de las variaciones de la arteria carétida interna en la distan-
has been mentioned that combination of embryologicah entre el proceso estiloides y la arteria cardiidal. Morphol.,
maldevelopment and age-related degenerative change8d(p)1331-1336, 2021.
the vessel may play role in producing carotid o _
abnormalities (Pfeiffeet al). However, coiling of the RESUMEN: El objetivo de este estudio fue evaluar el rol
internal carotid artery may be due to embryological cag¢ '2S variaciones que tiene el curso de la arteria carotida en la

- I .. [elacién entre el proceso estiloides (PE) y la arteria car6tida inter-
ses, elongation and kinking may be related wit

. ; - a (ACI). Se evaluaron retrospectivamente angiografias por
atherosclerosis or fioromuscular dysplasia (Scle¢ak,  omografia computarizada carotidea de 170 pacientes. Se clasificé

1996). Kinking is more frequently associated Withg variabilidad del curso de ACI. Se midieron en imagenes coronales
cerebrovascular disease and the altered fluid dynamicén 3D la longitud y la angulacién medial del PE. En las imagenes
produced by kinks may lead to degenerative changes meax@les, se midi¢ la distancia méas corta entre el margen del PE y la
frequently in the vessel wall (Paulsaral). In the present ACI. Se comparo estadisticamente la distancia entre PE y la ACI
study, the prevalence of curving, kinking and coiling wer@ntre los pat_rones_de trayecto de la arteria carotida. La compara-
44.1 %, 25.9 % and 6.2 % respectively. Nevertheleﬁ?” de las distancias entre PE y la ACI respecto al curso de ACl,

compared with the literature the ratio of aberration Wége estadisticamente significativa, S|er_1do la dlferenua} entre arte-
ias recta y curva (p <0,001). La arteria curva provoco la separa-

higher and curving was the most frequent in our Stu_(iYén de laACly del PE. Las mayores y menores distancias estaban

group. However, the mean age of our study populatiQi ¢| grupo de arterias curvas y enrolladas, respectivamente. La
was also higher (60.7) and almost all of the CTAs wekfistancia PE-ACI tiene una correlacion positiva y negativa con el
performed with suspicion of stenosis secondary tihgulo PE (p <0,001) y la longitud del PE (p <0,001), respectiva-
atherosclerosis. Therefore, it may not be correct to comente. El curso de la arteria carétida interna es uno de los princi-

pare our data of prevalence reported for general populatiegies determinantes que afectan la relacion con el proceso estiloides.
in the literature. El patron de curva de la ACI tiende a aumentar la distancia entre
PE y la propia arteria arteria.

| The OE:Cl:rIrgg of majofr.‘;"bno.rma“t'est?f th? C?rt‘r’]" PALABRAS CLAVE: Proceso estiloides; Arteria
ca segmen o near or its ergln ora eve_ 0 %arc')tida; Angiografia por TC; Aberracion.
atlas/axis and the rarely exceeding of SP 4 cm in length
(C1-C2 level) suggest us that the level of the variations
may also be effective (Weibel & Fields, 1965a,b; Zenten®e FERENCES
et al; Pfeifferet al). Pfeifferet al reported that coiling
was found close to the skull base in 42.9 % of vessels.
Therefore, we also classified the level of kinking or coilingmorim, 3. M.; Pereira, D.; Rodrigues, M. G.; Beato-Coelho, J.; Lopes,
as oropharynx or nasopharynx. The distance between ICAM.; Cunha, A.; Figueiredo, S.; Mendes-Pinto, M.; Ferreira, C.; Sar-
and SP did not differ between two levels (p=0.602). gento-Freitas, Jet al Anatomical characteristics of the styloid
Curving was not always suitable to classify with respect S’r(’sctf;fe'”Igzi;%%_zgmztgjlg”ery dissection: Case-control fudy.
to the level mentioned above because of unclegfgin .; Quiyev, H.; Cinar, C.; Bozkaya, H. & Oran, I. Eagle syndrome

boundaries. presenting with neurological symptoriisrk. Neurosurg., 28(219-
25, 2018.

: : o . Basekim, C. C.; Mutlu, H.; Gungor, A.; Silit, E.; Pekkafali, Z.; Kutlay,
In conclusion, we hypotheS|zed that medlahzatmﬁ M.; Colak, A.; Oztlrk, E. & Kizilkaya, E. Evaluation of styloid process

or |ater§|i2§-ti0n of thef a_rtery Secqndary to aberrationsmay py three-dimensional computed tomograghy. Radiol., 15(1)134-

be crucial in determining the distance between SP and9, 2005.

ICA. Unfortunately, kinking and coiling did not Burulday, V.; Akgtl, M. H.; Muluk, N. B.; Yagdiran, B. & Inal, M. The

demonstrate a statisticallv significant effect on SP-ICA importance of medial-lateral styloid process angulation/coronal plane
. . y Sig . angle in symptomatic eagle syndron@in. Anat., 30(4)487-91,

distance. Howevein the presence of ICA elongation, an p17.

increasing distance between SP and ICA was demonstratgitlang, W. C.; Short, J. H.; McKinney, A. M.; Anker, L.; Knoll, B. &

This result was consistent with the findings of studies McKinney, Z.J. Reversible left hemispheric ischemia secondary to

P - - carotid compression in Eagle syndrome: surgical and CT angiographic
emphasizing the medial displacement of artery secondaryCorrelaﬂom‘\)JNR P I\?eurgradiol. 28(1%3_5 007, glograp

to_cu_rving or elongatior_‘- To t_he peSt of our knowledgesrasian, C.; Ozer, M. A.: Govsa, F.; Alagoz, A. K. & Calli, C. Relationship
this is the first report investigating the effect of ICA of stylohyoid chain and cervical internal carotid artery detected by
aberrations on the distance between ICA and SP. Our3D a:QiOA%rgpl?ySuLg-ZRaclgol(.jAnat..32(5397\]-_9071_, 2F01'\T. ocical
I - ivre, A.; elfettah, Z.; Rodriquez, S. icoli, F. Neurological
findings suggest tha_t’ not only the length or ar_lgulanon 5? picture. Bilateral internal carotid artery dissection due to elongated
SP but also the curving of ICA,may be a prominent factor gyoid process and shaking danciigieurol. Neurosurg. Psychiatry,

in determining the relatiahip between ICA and SP. 80(10)1154-5, 2009.
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