Retrospective investigation of the
relationship between the stylohyoid
ligament and carotid dissection

Purpose: Carotid dissection is the most important cause of ischemic stroke in young adults. Ischemic stroke rate up to 20% in people
under 50 years. Recently, young patients under 50 years of age who were admitted to the emergency department with ischemic stroke
complaints were diagnosed with carotid dissection.

Methods: For this purpose, cranio-cervical CT angio images of patients admitted to our clinic with suspected carotid artery dissection

and diagnosed as ICA dissection were retrospectively reviewed. the characteristics of the patients with ICA dissection and normal
patients undergoing cranio-cervical CT angiography were investigated using 3D anatomical programs, specifically the course of the
stylohyoid ligament, the distance between stylohyoid ligament and the carotid artery, and contact between stylohyoid ligament and
the carotid artery. Sectra and AW Server 2 archives and XIO 4.80 radiotherapy planning programs were used for 3D analysis of the
images. The data obtained from the analyzes were evaluated using the SPSS statistical program.

Results: Descriptive statistics, Independent Samples T-Test, Pearson correlation analysis, multiple regression analysis, and graphical
programs were used in statistical evaluations. According to Independent Samples T-Test results performed under SPSS, the distance
between the ICA with stylohyoid ligament at 0.05 (sig.2-tailed) level (t = 5,950, sig = 0,000) and the difference between the age of the
patients (t = 2,226, sig = 0,026) was significant. In addition, the axial (t = 2,938, sig = 0,005) and sagittal (t = 2,307, sig = 0,026) angles
between the genders were different. In Pearson correlation analysis, styloid axial angles (r =-0.316, sig = 0.029), styloid sagittal angles
(r =-0.333, sig = 0.020) and age of ICA dissection (r = -0.332, sig = 0.026) at 0,05 (2-tailed) level was found to be correlated. More
importantly, in patients with ICA dissection, it was found that there was a strong correlation between stylohyoid ligament-carotid
distance (r =-0.659, sig = 0.000) at the 0.01 (2-tailed) level.

Conclusion: As a result, the closure of the stylohyoid ligament closer than 3.9 mm to the carotid for any reason increases the risk of
dissection in young patients. It is thought that the results of this research will constitute a step for radiological artificial intelligence
studies.
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of cases, while the rest are traumatic dissections.

Introduction

. o The most important findings of carotid artery

Carotid artery or vertebral artery dissections } ] i i
0 . . dissections are ischemic (headache, neck pain,

account for 2% of all ischemic strokes [1]. In ) )

. . focal neurological symptoms, transient loss of
young adults, carotid artery dissections are . L i
. . ) vision, vertigo, pulsatile tinnitus, and Horner's
the most important causes of ischemic stroke; . . .
. o syndrome) [7,8]. In addition, some investigators
under the age of 50, this rate is increases 20% . .
: ) reported that styloid process elongation
[2-3]. The main mechanism of development .
spontaneously, have caused carotid artery

of carotid artery dissection is rupture of the .. oo o many studies reporting

carotid artery in the intima layer and the blood 1 .+ Jissection may occur as a result of the

inthat region progressing through the artery,  jeviation and mechanical compression of 3 cm

causing an embolic or aneurysmatic pseudo- o more in an elongated styloid process on the

lumen in the subintimal or subadvential layers
to disrupt the blood flow dynamics and cause
ischemia [4-6]. Carotid artery dissections
may be spontaneous (fibromuscular dysplasia,
connective  tissue diseases, hypertension,
syphilis, migraine) or traumatic (blunt and
penetrating  head-neck traumas, treadmill
running, vomiting, giving birth, coughing).
Spontaneous dissections account for up to 60%
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external carotid artery (ECA) or internal carotid
artery (ICA), also known as Eagle syndrome.
There are also studies reporting that the
proximity of styloid-hyoid bone may be a risk
factor causing ICA dissection. The stylohyoid
complex consists of the styloid process of the
temporal bone, the stylohyoid ligament, and
the lesser horn of the hyoid bone. This complex
completes its formation in childhood and the
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adolescence. In adulthood, it may be calcified
with age. Stylohyoid syndrome is also associated
with abnormalities of these structures. These
abnormalities include elongation of the styloid
or hyoid bones, elongation of the carotid artery,
developmental angulation, calcification of the
stylohyoid ligament, or combinations of these
pathologies [9-18]. Stylohyoid syndrome is
thought to be caused by its association with
structures around the stylohyoid complex or
by irritation of neighboring structures with
minimal neck movements. Recently, younger
patients under 50 years of age who were
admitted to the emergency department with
complaints of ischemic stroke, diagnosed with
carotid dissection without the above mentioned
spontaneous or traumatic causes. In some of
the patients, it was noteworthy that there was
no cause of ICA dissection, and the majority of
them were found to be young. It was thought
that the stylohyoid ligament extending between
the lesser horns of the hyoid bone of the same
side with the styloid process was close to the
carotid and might cause dissection by the
rubbing of the carotid with neck movements.
However, it is not possible to visualize the
stylohyoid ligament through imaging methods
used today (CT, MRI, US, etc.). However, on
the volumetric CT data, the lower side of the
segmented styloid bone can be overlapped with
the same side of the hyoid bone lesser horns,
and the distance of this superposition point to
the carotid artery can be measured; or, again
on the volumetric data, a line representing the

stylohyoid ligament between the lower side
of the styloid bone and the lesser horn of the
same side can be drawn, and the closest distance
to the carotid artery can be determined. It is
also known that the anatomical course of the
stylohyoid ligament between the styloid bone
and the hyoid bone lesser horns is not in the
form of a straight line and follows a curved path
that faces the medial. This study was carried out
to prove the hypothesis that a ligament might
cause ICA dissection with friction caused by the
rapid progression of the stylohyoid ligament and
rapid neck movements.

Materials and Methods

For this study, ethical committee approval
was obtained. In order to prove the hypothesis,
angiographic cranio-cervical CT images of
the patients who were admitted to our clinic
with the suspicion of carotid artery dissection
and were diagnosed with ICA dissection were
screened retrospectively (FIGURE 1). Patients
with known causes of ICA dissections (Styloid
elongation, eagle syndrome, mechanical
compression due to anatomic variation of the
styloid process, mechanical compression and
stylohyoid ligament calcification as a result of
contact with the carotid artery) were excluded
from study not included in the. The data of ICA
dissection patients having a styloid bone smaller
than 3 ¢cm and no mechanical compression
or contact of the styloid bone on the carotid
artery were used. The data were compared with
the data of normal patients who subjected to

Figure 1. 3D volume rendering image of internal carotid artery dissection (yellow arrows).
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cranial-cervical CT angiography for any reason.
In this comparison, the relationship between
the stylohyoid complex and the carotid artery
was investigated in order to determine the
characteristics of the stylohyoid ligament,
its distance from the carotid artery, and its
contact with the carotid artery. Angiographic
craniocervical CT scans of the patients were
performed with care dose CT with 128 slices
(Somatom Definition, Siemens Healthcare,
Erlangen, Germany). The scan parameters used
for neck-brain CTA were kVp:120, mA: dose
modulated, rotation time: 0.3 sec, thickness:0.6
mm, pitch:0.8, coverage: 76.8 mm, kernel filter:
326f medium smooth, matrix:512*512 and
FOV: 230 mm. In each patient, an intra-venous
iodinated non-ionic contrast medium was used
with the help of an automatic injector. Images
were analyzed using 3D volume rendering
analysis programs in Sectra and AW Server 2
archive systems. In the analyzes, the right and left
styloid bone length, the axial and sagittal angles
of the styloid bone with the base of the skull,
the shortest distance to which the stylohyoid

carotid dissection

ligament plane approached the carotid, the
distance between the stylohyoid ligament length
and the hyoid bone lesser horn were measured.
The styloid axial angle measurements, the line
passing from the mastoid bone apex (parallel
to the base of the head), and the long axis of
the styloid bone (extending to the hyoid lesser
horns) angle was used. In the sagittal angle
measurement, the angle between the long axis of
the styloid bone (extending to the hyoid lesser
horns) and the Raid’s baseline (line between
the infraorbital margin and the auricular point)
were used (19,20) (FIGURE 2A-C). The block
diagram showing the axial and sagittal angle
measurement, presses of normal and dissected
patients on volume rendering images is shown

in FIGURE 3.

In addition, data of the same patients were
segmented by contouring the styloid processes,
the carotid arteries, and the hyoid bones in
images using XIO 4.80 radiotherapy treatment
planning systems. The block diagram showing the
segmentation process steps is given in the FIGURE
4. Styloid processes, hyoid bones with anterior

Figure 2. Measurements. a) Sagittal angle (R/L) was traced between the Reid’s baseline and the long
axis of the SP connecting lesser horn of hyoid bone, b) axial angle (R/L) was traced between the apex
of both mastoid bones and the long axis of SP connecting the lesser horn of hyoid bone, c) stylohyoid
length (R/L) was the distance between the styloid process end and the lesser horn of the hyoid bone,
and hyoid width was the distance between the lesser horns of the hyoid bone.

Cranio-cervical CTA
Postprocessing
(Sectra, AW Server)
Volume Rendering

Angle Measurement
(Axial and Sagital angles)

Dissection Patient

Sagital angle
(65.3%)

Figure 3. The block diagram is showing prosses steps of measurement of axial and sagittal angle on
normal and dissection patients.

Normal Patient

Axial angle
(68.8°)

Sagital angle
(68.9°)

Axial angle
(66,4°)
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Figure 4. The block diagram is showing prosses steps of measurement of segmentation on normal

and dissection patients.

horns and carotid arteries were contoured on the
images of both normal and dissected patients. The
front and top view of these contoured anatomical
units is also seen in FIGURES 5 & 6 on 3D
volumetric digitally reconstructed radiographic
(DRR) images. On volumetric contoured 3D
images, the stylohyoid ligament extends, the lower
end of the styloid bone, and the lesser horns of
the same side hyoid bone were overlapped, and
the distance from this point to the carotid artery
was measured (FIGURE 7A-D). The same
distance measurements were repeated by drawing
a ligament line between the styloid bone lower

a2 BRs XiO

end and the hyoid bone lesser horns by using the
volumetric rendering and vascular analysis options
of the AW Server 2 and Sectra image processing
programs. Data we obtained with the AW Server 2
and Sectra programs were consistent with the data
related to XIO radiotherapy treatment planning
program (FIGURE 8A & B).

These data obtained from patients with
normal and dissection diagnosis were compared
and evaluated by using descriptive statistics,
Independent Samples T-Test, Anova test,
Pearson correlation analysis, multiple regression

analysis, and graphical programs under SPSS.

Figure 5. The front view of contoured anatomical units that styloid processes, carotid arteries and
hyoid bones. Each part is seen in different colors on 3D volumetric digitally reconstructed radiographic

(DRR) images.
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Figure 6. The top view of contoured anatomical units that styloid processes, carotid arteries and
hyoid bones. Each part is seen in different colors on 3D volumetric digitally reconstructed radiographic
(DRR) images.

Figure 7. a) Segmented with XIO radiotherapy treatment planning system, styloid processes (right,
red; left, blue), carotid arteries (green), and hyoid bones (purple) with lesser horns (right, blue; left,
red) on 3D volumetric Digitally Reconstructed Radiographic (DRR) image, b) measurement of the
distance (0.0 mm) between the carotid artery and the stylohyoid plane by superposing the right
hyoid lesser horns with theright styloid lower end in arow on DRRimage (bottom view), c) segmented
with the XIO radiotherapy treatment planning system, the styloid processes (right, red; left, blue),
carotid arteries (green) and hyoid bones (purple) with lesser horns (right, blue; left, red) on a 3D
volumetric surface rendering external contouring image, d) measurement of the distance (4.7 mm)
between the carotid artery and the stylohyoid plane by superposing the left hyoid lesser horns with
the left styloid lower end in a row on 3D volumetric surface rendering the external contouring image
(bottom view).
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Figure 8. The figure shows distance measurements between the stylohyoid ligament and carotid
artery on images created with Sectra 3D volume rendering, a) right-hand side, b) left-hand side.

Results

A total of 48 patients were included in the
study, 24 of them were normal (13M, 11F)
and 24 had ICA dissection (11M, 13F). Of the
24 patients with ICA dissection, 18 had right
ICA dissection and 6 had left ICA dissection.
It was observed that right-side ICA dissection
was more common. In normal patients, the
distances between the right-left side stylohyoid
ligament and the carotid artery were not
different. Descriptive information and group
statistics of the study are given in TABLES 1
& 2. Comparative graphs of ligament-carotid
distance, styloid axial, and sagittal angulation,

hyoid width, age, and sex averages in patients
and also the 3D graph of the data of patients
with normal and ICA dissection are given below
(FIGURE 9). In patients with dissection, the
stylohyoid ligament was markedly close to the
carotid, and the axial and sagittal styloid angles
were narrowed. According to Independent
Samples T-Test results performed under SPSS;
the distance between ICA and stylohyoid
ligament at 0.05 level (sig. 2-tailed) (t = 5.950,
sig = 0,000), and the difference between the age
of the patients was statistically significant (t =
2.226, sig = 0.026). In addition, the axial (t
= 2.938, sig = 0.005) and sagittal (t = 2.307,
sig = 0.026) angles between the genders were

Group Statistics

disection N Mean Std. Deviation | Std. Error Mean
liga.car mean 0 24 6,4 1,6336 ,3335
ga.car. 1 24 4,0 1,1660 ,2380
axi.anale.mean 0 24 68,8 3,7707 ,7697
angle. 1 24 66,5 3,5963 , 7341
sag.andle.mean 0 24 68,9 5,3520 1,0925
g-angle. 1 24 65,1 4,7127 19620
aqe 0 24 52,1 15,046 3,071
9 1 24 42,3 14,484 2,957
Group Statistics
N |Min. | Max. Mean |Gender |N Mean | Disection [N | Mean |Side | Mean
. 48 M 23 |51 0 24 16,4 R 5,0
liga.car.mean 1,0 194 |52 F 25 |53 1 2 40 ] 53
) M 23 69,2 |0 24 68,8 |R 67,7
axi.angle.mean (48 |57,6 |76,1 |67,6 F 25 662 |1 24 661 L 675
48 M 23 68,8 |0 24 68,8 |R 66,6
sag.angle.mean 52,4 82,9 |67,1 = 25 654 |1 24 652 L 674
M 23 48,7 |0 24 52,1
48 |1 7 47,2 . .
age 8113 |73 < 25 458 |1 24 42,3
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Figure 9. The figure Shows the 3D graph of the mean distance between the ligament and the ICA,
and the means of styloid axial and sagittal angulation between the normal (blue) and dissected (red)

patients.

different. In other words, the axial and sagittal
opening of styloid bones in females were found
to be narrower than in males. However, no
difference was found between styloid bone
lengths (0.266), hyoid lesser horns (hyoid width)
distances (0,052), stylohyoid ligament lengths
(0.065) and genders (0,695). FIGURE 10A-C
shows the graphs of the average measurements
of patients with normal (0) and dissection.

In Pearson correlation analysis under SPSS,
styloid axial angles (r = -0.316, sig = 0.029),
styloid sagittal angles (r = -0.333, sig = 0.020)
and age of ICA dissection (r = -0.332, sig =
0.026) at 0,05 (2-tailed) level was found to be
correlated. More importantly, in patients with
ICA dissection, it was found that there was a
strong correlation between stylohyoid ligament-
carotid distance (r = -0.659, sig = 0.000) at the

0.01 (2-tailed) level. In addition, the Anova test
(sig = 0,000) was found to be significant in the
multiple regression analysis, and Adjust square
R (R = 0.492, 49.2%) results showed that the
stylohyoid ligament-carotid distance, the axial
styloid angle, and the sagittal styloid angle were
the causes of ICA dissection with 49.2%. The
distance between the stylohyoid ligament and
the carotid was found to be significantly effective
in the ICA dissection (B = -0.617, t = -5.870 sig
= 0.000). The non-standardized constant value
was found to be as B = 3.925. In other words,
the critical distance between the stylohyoid
ligament and the carotid is 3.9 mm, with the risk
of for developing ICA dissection with the neck
movements of the stylohyoid ligament at values
below this distance. According to statistical data,
the fact that this distance increased by 1 unit
(about on unit increase in this distance) means

700 80
g 688 A 80,0 521
sg0 689 80 TTe—aa
§ 670 . \ £ = 253 ’
g 66,0 664 axi angle. mean 40 40 — g, car AN E i 240 a8e
[ S— 00 ’
2:.2 <ag.angle.mean 20 i 15 —gender e vyl Wit h
63,0 00 a0
0 1 o 1 0 1
Disaction Disection
3 Disection b =

Figure 10. The figure shows average graphs of measurements of patients with normal (0) and dissected (1). a) axial and sagittal angles, b)
distance between stylohyoid ligament and ICA, and gender, ¢) age and hyoid width.
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Figure 11. The figure shows a) regression histogram graph and b) regression P-P Plot graph.

that the ICA dissection risk has reduced by
0.167 units. The histogram and P-P Plot graphs
of the regression analyzes are shown in FIGURE
11A & B).

Discussion

The lateral deviation of in the styloid
projection causes compression in the external
carotid artery, and medial deviation causes
damage to the internal carotid artery and the
tonsils. Posterior deviation causes irritation of
in the last four cranial nerves, while anterior
deviation leads to mucosal irritation, and tonsils
cause stress in vital structures [19-22]. It is
possible that the Medial deviation of in styloid
can cause stylohyoid ligament to converge on the
internal carotid artery and also dissection with
neck movements. As a matter of fact, Dimitri
et al. emphasized that the styloid or hyoid bone
proximity is the most important environmental
risk factor for carotid artery dissections [23].
The results obtained in our study showed that
the sagittal angulation of the styloid bones was
medial, and the axial angulation was narrowed
by anterior deviation. This suggests that the
styloid processes of patients with unresolved
ICA dissection are malposed [24]. In a similar
study by De Paz et al., of 835 craniums in
anatomy museum, they found the axial styloid
angulation as 53° and the sagittal angulation
as 65° [25]. Again, Andrei et al., found no
difference between the right and left angles
of the axial (66.7) and sagittal (53.9) angle

measurements of in 54 patients on their dental

Imaging Med. (2019) 11(5)

CT images. In the same study, they reported
that the sagittal opening was due to increased
styloid process length; and the axial angulation
was higher in males [18]. Thanuja et al., carried
out a study with the same number of patients
but with using a different method, found that
the sagittal angulation was 80.6 degrees in
males and 82.4 degrees in females, and the axial
angulation was 25.2 degrees in males and 31.1
degrees in females. As a result, no statistically
significant differences were found between the
genders and the right / left side [26]. Crohn
et al., found the mean styloid sagittal angle to
be 56.7 degrees and a significant difference
between males (63.4) and females (54.9) [27].
In our study, sagittal (M: 68,8, F: 65,4) and
axial (M: 69,2, F: 66,2) angulation were found
to be statistically significant in the male / female
comparison. Patil et al., found a significant
difference between sagittal angles, 52.4 - 60.1
degrees in study patients and 61.0 - 69.0 degrees
in healthy people [28]. Bashekim et al., in their
study found the axial angle between 60.6 and
84.1 ° (mean 69.4°) among age groups [29]. Ina
study conducted by Buyuk et al., they measured
1,000 patients with different reference points,
and found significant in the sagittal angle
between females (70.4) and males (74.0) and
in the axial angle between females (70.3) and
males (72.2). In our measurements, there was
no difference between the sides in the axial
angulation (right: 6.,7 and left: 67.5; mean:
67.6) and sagittal angulation (right: 66.6 and
left: 67.4; mean: 67.1). However, the axial
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angulation (N: 69.8, dis: 66.4) and sagittal
angulation (N: 68.5, dis: 65.5) were found to be
different between normal patients and patients
with carotid dissection [30].

Conclusion
The tendency of the stylohyoid ligament to be

closer than 3.9 mm to any segment of the carotid

artery (especially ICA) due to the narrowing of
the axial-sagittal recessions of the styloid process

and carotid elongation will increase the contact
and friction between the stylohyoid ligament and

the carotid artery and it causes carotid dissection.

Younger age and a life with active neck movement

can support this process. As a result, the closure
of the stylohyoid ligament closer than 3.9 mm to
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