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Styloid and Hyoid Bone Proximity Is a Risk Factor
for Cervical Carotid Artery Dissection

Dimitri Renard, MD; Souhayla Azakri, MD; Caroline Arquizan, MD; Bart Swinnen, MD;
Pierre Labauge, MD, PhD; Vincent Thijs, MD, PhD

Background and Purpose—Carotid artery dissection (CAD) is more common with increased styloid process length. Our
goal was to determine whether proximity of the styloid process and the hyoid bone to the internal carotid artery (ICA)

was a risk factor for CAD.

Methods—We studied axial slices on computed tomography angiograms of 88 patients with nonaneurysmal CAD, from
88 age- and sex-matched controls without dissection, and from 32 nonage-/sex-matched nonaneurysmal vertebral artery
dissection control patients. We measured the nearest distance between the ICA and both the styloid and the hyoid bones,

blinded to clinical information and radiological reports.

Results—Styloid-ICA and hyoid-ICA distances were significantly shorter on the side of the CAD as compared with
nondissection control patients (P<0.0001 for the styloid-ICA distance; and P=0.0037 for the hyoid-ICA distance). Styloid-
ICA distances, regardless of the side of the dissection, were shorter in CAD patients compared with the nondissection
control group (right side, P=0.001; left side, P=0.0002) and the vertebral artery dissection control group (right side,
P=0.0031; left side, P=0.0067). Direct mechanical contact of the styloid with the ICA was more common in CAD

patients.

Conclusions—Shorter distances between the styloid and ICA (and possibly also the hyoid and the ICA) are important risk
factors for CAD. Further study is needed to determine whether dissections result from direct injury to the outer vessel

wall of the carotid artery. (Stroke.2013;44:2475-2479.)
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Carotid artery dissection (CAD) is an important cause of
stroke in young adults. Major penetrating or nonpen-
etrating trauma to the artery is often lacking, but precipitat-
ing events involving hyperextension, rotation, or lateroversion
of the neck are often reported by patients with CAD. These
include whiplash injury, chiropractic manipulation, various
sporting activities, neck movements, and severe coughing. The
exact role of these precipitating events in the pathophysiology
of CAD is unclear, but suggests a mechanical contribution.
The styloid process and hyoid bone, both in proximity to
the internal carotid artery (ICA), have been implicated in the
pathogenesis of CAD and nondissection carotid pathology
in several case reports, including patients with Eagles syn-
drome.'"'° The stylohyoid complex consists of the styloid pro-
cess, the stylohyoid ligament, and hyoid bone. The anatomy
of the styloid and the hyoid bone is variable. The stylohyoid
complex syndrome refers to cervical and pharyngeal pain
and discomfort associated with abnormalities of these struc-
tures. These abnormalities include elongated styloid processes
or hyoid bones, ossifications of the stylohyoid ligament, or

combinations of these pathologies. Symptoms are thought to
result from irritation of the structures around this complex.
Theoretically, the close proximity of the stylohyoid complex
to the ICA may cause injury to the artery. Several hypotheses
have been put forward, including the formation of dissection,
direct compression resulting in stenosis or occlusion, or pres-
sure-induced plaque formation or plaque rupture.!!

Only 1 study has systematically investigated involvement
of the styloid process in CAD.!! In a case—control study of 38
patients with CAD, CAD was associated with a longer sty-
loid process compared with age- and sex-matched controls.
In addition, the styloid process was found to be significantly
closer to the carotid artery contralateral to the CAD. The prox-
imity of the styloid bone ipsilateral to the CAD was not stud-
ied because the authors considered measurement unreliable.

To our knowledge, the proximity of the hyoid bone to
the ICA has never been systematically analyzed in patients
with CAD.

If the styloid and the hyoid bone contribute to the patho-
genesis of CAD through mechanical injury, the proximity
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(ie, the nearest distance between the bone structure and the
carotid artery) may be a more important risk factor than the
length itself of these bony structures. Longer styloid or hyoid
bone structures might indirectly represent a closer anatomic
proximity to the carotid arteries, but the distal end of these
bony structures does not necessarily represent the area of clos-
est contact to the artery.

Our aim was to analyze the distance between the ICA
and both the styloid and the hyoid bones in a large group of
patients with CAD, and controls.

Methods

Patient Selection

We performed a retrospective multicenter case—control study of CAD
patients and age- and sex-matched controls without dissection and
patients with vertebral artery dissection (VAD). Patients and con-
trols were selected from stroke registries of 3 University Hospitals
in Belgium and France between 2005 and 2012. Cases and controls
had undergone computed tomography angiograms (CTA) as part of
their routine workup of suspected cerebral ischemia or workup of lo-
cal symptoms related to dissection (Horner syndrome, cranial nerve
disease, or headache). Known iodine contrast allergy and renal insuf-
ficiency were contraindications for CTA in both the CAD and control
populations. In all 3 centers, CTA was frequently used in both the
initial workup (especially if MRI-MRA and duplex scanning did not
lead to definitive diagnosis) and during follow-up. Ethics approval
was obtained according to local regulations. Informed consent re-
quirements were waived. Common cardiovascular risk factors were
recorded in the CAD, VAD, and nondissection group. Potential risk
factors for dissection (coughing, neck movement, minor trauma, etc)
were not systematically recorded in the nondissection group and,
therefore, not mentioned.

Cases
Cases were defined as patients with a unilateral ICA dissection. We
excluded patients with radiological evidence of fibromuscular dys-
plasia and patients with pseudoaneurysmal forms of dissection. We
also excluded patients with dissections of the common carotid artery
(because styloid/hyoid bone proximity exists most often above the
carotid bifurcation and, therefore, a mechanical role is less likely),
patients with concomitant vertebral artery or contralateral ICA dis-
section, and patients with a recent history of penetrating trauma, neck
surgery, and patients with aortic dissection.

CAD was confirmed in all patients by additional examinations (ca-
rotid duplex ultrasound, MR angiography, fat-saturated T1-weighted
MRI, and rarely conventional angiography).

Controls

Two control groups were defined: (1) age- and sex-matched con-
trols who underwent CTA and who did not have a history of ca-
rotid artery stenting or surgery and no CAD and (2) patients with
a nonaneurysmal form of VAD. Age- and sex-matching were not
performed in this last group. The VAD group was included because
proximity of the bony structures to CAD might be just a bystander
phenomenon common to all dissection patients. For anatomic rea-
sons, it is unlikely that styloid and hyoid bone structures play a
role in VAD.

Measurements

CTA was performed with different scans with slightly different pa-
rameters (Leuven-Belgium: Siemens Somatom Sensation 64, 120
kV, 95 mAS, 250 mm field of view, 512x512 matrix or Siemens
Somatom Definition Flash 2011, 100 or 120 kV, 90 mAS, 250 mm
field of view, 512x512 matrix; Nimes-France: Siemens Somatom
Definition AS+, 100 or 120 kV, 180 mAS, 500 mm field of view,

512x512 matrix; Montpellier-France: General Electric Lightspeed
Vinyl Composition Tile 64, 120 kV, 250 mAS, field of view Head,
512x512 matrix), with slice thicknesses of the analyzed axial slices
varying between 0.75 and 1.25 mm. CTA was done with the patient
in supine and the head in neutral position. A single rater (D.R.) ana-
lyzed the nearest distance between the ICA and both the styloid and
the hyoid bone on axial slices of CTA. We used the midpoint of the
entire artery as a reference point (Figure 1), to avoid potential under-
estimation of the bone-ICA distance attributable to ICA dilatation
resulting from CAD and because we found that even when the ICA
was partially or completely occluded, this point could be reliably lo-
calized on CTA. When reliable visualization of the ICA was not pos-
sible because of severe stenosis or occlusion, subjects were excluded
from analysis. Patients with a pseudoaneurysm were excluded from
analysis because the distance between the carotid artery and the sty-
loid/hyoid bone could not be assessed reliably.

We used the axial slice where the smallest distance was observed
between the closest bone edge of the styloid or the hyoid bone and the
midpoint of the entire artery. In cases where the carotid bifurcation
was located above the level of the hyoid bone, the distance between
the hyoid bone and the common instead of the ICA was measured.
We obtained 4 distances for cases and controls (ie, right styloid-right
ICA distance, left styloid-left ICA distance, right hyoid-right ICA
distance, and left hyoid-left ICA distance).

We also recorded how frequently direct mechanical contact be-
tween the bony structure with deformation of the ICA was observed
(Figure 2). If patients had undergone several CTA as part of their
clinical follow-up, measurements were determined on the CTA that
was performed most remotely in time from the initial clinical event.
We recorded the time between symptom onset and the analyzed CTA.

Measurements were performed blinded to the clinical information
and radiology reports. However, complete blinding was impossible
because dissection-related radiological CTA abnormalities could be
observed by the rater. To study consistency of the rater, 60 measure-
ments were repeated after several weeks. The concordance coeffi-
cient, a measure of intrarater agreement proposed by Lin et al'?, was
0.92 (95% confidence interval, 0.88-0.96).

Statistics

We used ANOVA or the Student ¢ test to detect statistical
significant differences in distances between the styloid/hyoid
bone and the ICA between the different groups, and Pearson’s
%? test to detect significant differences between the occurrence

Figure 1. Axial computed tomography angiograms views show-
ing the method used to calculate the distance in (A) a control
patient between the closest part of the left side of the hyoid bone
(white arrowhead) and the midpoint of the left internal carotid
artery (ICA; black arrowhead), and in (B) a patient with right-
sided carotid artery dissection between the right styloid bone
(white arrowhead) and the midpoint of the partially occluded right
ICA (black arrowhead). Inside the dissected ICA, the intramural
hematoma (large arrow) and the circulating lumen (small arrow)
can be seen.
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Figure 2. Axial computed tomography angiograms views
showing 2 examples of suspected direct contact (arrowheads)
between (A) the greater horn of the right side of the hyoid bone
(white arrow) and the internal carotid artery (ICA; black arrow),
and between (B) the left styloid bone (white arrow) and the left
ICA (black arrow).

of direct mechanical effect of the styloid/hyoid bone structures
to the ICA in the different groups. Two-sided P values of <0.05
were considered significant. Post hoc ANOVA comparisons were
Bonferroni corrected.

Results

In the CAD group, 2 patients were excluded from analysis
because of bilateral absent styloid bones, and 2 patients were
excluded because reliable visualization of the carotid artery
(because of occlusion) was not possible. In the nondissec-
tion control group, absent styloid bones were encountered in
a patient, and reliable visualization of the carotid artery was
not possible in another patient. These 2 patients were replaced
with 2 other age- and sex-matched controls.

Patient characteristics in the patient and control populations
are shown in the Table. The only significant differences were
that patients with VAD were younger than those with CAD
and controls, and that hypertension, hypercholesterolemia,
and diabetes mellitus was more frequent in controls compared
with CAD. The presence of these vascular risk factors was
not associated with closer proximity to the styloid or hyoid (P
values >0.10).

In the CAD group, the mean time between the first symp-
toms related to the CAD and the analyzed CTA was 174
days (SD, 326). We included and analyzed 88 CAD patients,
88 nondissection (age- and sex-matched with patients with
CAD) control patients, and 32 (not age-/sex-matched) VAD
control patients. The CAD group consisted of 58 men (66%)
and 30 women (34%), with a mean age of 48 years (SD, 10.2).
The control group had exactly the same number of men and

Styloid/Hyoid Bone Proximity in Carotid Dissection 2477

women and a mean age of 49 years (SD, 9.7). The VAD group
had 32 patients, 15 men and 17 women, with a mean age of
44 years (SD, 11.0). Figure 3 shows the comparison of the
mean distances between the styloid/hyoid and the ICA in the
different groups. Both styloid and hyoid bone structures were
closer to the ICA in patients with CAD than in the nondissec-
tion control group (all differences were significant except for
the left hyoid-left ICA distance) and the VAD control group
(all differences were significant except for the right hyoid-
right ICA), regardless on which side the CAD had occurred.
There were no significant differences in styloid/hyoid-ICA
distances between the nondissection control group and the
VAD control group.

Figure 4 shows the distances of the styloid and hyoid at
the side of the CAD and at the side opposite to the CAD in
patients with CAD and in the control group. At the side of
the CAD, both styloid and hyoid bone structures were signifi-
cantly closer to the ICA compared with age-and sex-matched
non-CAD controls. On the side opposite to the CAD, only the
styloid-ICA distances were significantly smaller.

Within the CAD group, the styloid-ICA distances were sig-
nificantly shorter (8.5 mm; 95% confidence interval, 2.2—-14.8
mm) at the side of the dissection than at the nondissected side.
There were no differences in hyoid-ICA distances (5 mm;
95% confidence interval, —5.0 to 15.1 mm).

A higher number of cases had direct mechanical contact
of the styloid/hyoid bone structure with the ICA in the CAD
group (n=20/88; 23%) compared with the nondissection con-
trol group (n=6/88; 7%; P=0.007) and the VAD control group
(n=1/32; 2%; P=0.026). Of the 20 patients with CAD with
bone contact, in 17/20 the side of the bone contact was concor-
dant with the side of the CAD. In these 17 patients, 9 patients
had no mural hematoma on the analyzed slice, 4 patients had
mural hematoma producing stenosis, and 4 patients showed
occlusion attributable to the mural hematoma.

Because positioning of the head may influence the dis-
tances between carotid and bony structures, we measured the
angle between cerebral midline structures and the midline of
C2 in the axial plane, as a measure of rotation between the
skull and the cervical spine in a randomly selected subgroup
of 20 patients with CAD and 20 controls. There was no dif-
ference between the rotation in the CAD group (mean angle,
3.2°; SD, 3.6) and the control group (mean angle, 3.7°; SD,
3.6; P=0.62).

Table. Patient Characteristics in the Patient and Control Populations

Variables CAD Control Group PValue From ANOVA or y? Test
Mean age (SD) 48 (10) 49 (10) 0.039*
Female sex, n (%) 30 (34) 31(35) 0.138
Hypertension, n (%) 19 (22)t 41 (47) 0.002
Hypercholesterolemia, n (%) 18 (20)t 35 (40) 0.016
Diabetes mellitus, n (%) 0(0)f 8(10) 0.002
Active smokers, n (%) 23 (26) 29 (33) 0.604

CAD indicates carotid artery dissection; and VAD, vertebral artery dissection.
*VAD group is significantly younger than control group.

tHypertension, hypercholesterolemia, and diabetes mellitus are significantly more frequent in control group compared with CAD. No significant differences between

VAD and control groups in terms of risk factors.


http://stroke.ahajournals.org/

810z ‘6T AInr uo 19nb Aq /B10's feuino feyedx0.//:dny woly papeojumod

2478 Stroke September 2013
160
p=0.013
120 p=0,018 i 0.73 | I 1
I I 0.244
120 p=0.007 p=0.002 p=0.024 |
g
£ 100 . . .
£ Figure 3. Comparison of the mean distances
= between the styloid/hyoid and the internal
g & carotid artery in the 3 different groups. All
3 ANOVA comparisons were significant. There
2 % were no significant differences between the
g vertebral artery dissection (VAD) groups and
0 controls. Post hoc Bonferroni-corrected P val-
ues are shown. CAD indicates carotid artery
dissection.
20
0
Styloid R Styloid L Hyoid R Hyoid L
ECAD 56 57,5 65,5 68
u Control 66,5 74,5 78,5 82
HVAD 71,5 68,5 72,5 99,5
Discussion instead the distance to the midpoint of the carotid artery, which

Our study lends support to the hypothesis that anatomic fac-
tors predispose to the occurrence of CAD. Our results are in
line with a previous study, which showed smaller styloid-
ICA distances contralateral to the CAD side.!" In that study,
direct measurement of the distance between the bone struc-
ture and the affected vessel was not performed because the
authors considered this unreliable. We confirmed the finding
of a shorter distance opposite to the site of the dissection in a
larger study population, but also showed that the styloid and
hyoid bone were closer to the dissected artery. Our findings
were specific to patients with CAD and not a general feature
of patients with dissection because distances in patients with
VAD did not differ from controls. The fact that both the previ-
ous study and our study point to the same conclusions despite
the use of a different methodology reinforces the idea of a
potential true mechanical role of the styloid process in, at least
some, patients with CAD.

We consider our measurement method to be reliable. In the
majority of our patients with CAD, the analyzed CTA was per-
formed late after the acute phase of CAD. Therefore, intramu-
ral hematoma, stenosis, and occlusion were unfrequent, and
reliable measurement of the styloid-ICA and the hyoid-ICA
distances could be performed. We moreover excluded patients
with pseudoaneurysmal forms of CAD or fibromuscular dys-
plasia in which measurements would be more difficult. We
did not measure the distance to the outer wall of the CAD but

is less likely to be displaced. The intrarater consistency was
very high. Our findings, however, may have been influenced
by the few patients with associated mural hematoma, which
may alter carotid-styloid/hyoid distances. Further longitudinal
study is needed to determine whether distances between the
carotid and styloid/hyoid evolve over time.

If anatomic factors contribute so strongly to CAD risk,
one could wonder why CAD recurrence is so rare."*" This
could be partly attributable to underestimation of the true
rate of (asymptomatic) CAD recurrences because studies
with long-term imaging follow-up are scarce. Because cervi-
cal artery dissection seems to be associated with a multitude
of potential risk factors (including underlying connective
tissue disorder, infection, migraine, hyperhomocysteinemia,
genetic factors, and other environmental factors), styloid/
hyoid proximity may be just one of several environmental
factors playing a role in CAD. Potentially, only the tempo-
ral co-occurrence of certain head positions, movements, and
head or cervical trauma in patients with pre-existing proxi-
mate styloid/hyoid bones create the unfavorable mechani-
cal conditions leading to direct ICA injury provoked by the
styloid/hyoid.

Our study has some limitations: we did not include a con-
secutive series of patients with dissections because CTA was
not performed systematically in the 3 participating centers.
Complete blinded measurements are impossible and might
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have influenced the rater. Therefore, our findings need to be
replicated in other cohorts.

Our study implies that the anatomic relationship between
the stylohyoid complex in relation to the carotid artery should
be examined more carefully in patients with CAD. Whether
there is a role for surgery on the styloid or hyoid bone in man-
agement of CAD requires further study and cannot be recom-
mended at present.
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Table.

Variable CAD VAD Control Group | p-value from
ANOVA or
Chi-squared
test

Mean age (SD) 48(10) 44(11) 49(10) 0.039*

Female sex, n (%) 30(34) 17(53) 31(35) 0.138

Hypertension, n(%) 19(22)** 9(28) 41(47) 0.002

Hypercholesterolemia, | 18(20)** 8(25) 35(40) 0.016

n(%)

Diabetes, n(%) 0(0)** 0(0) 8(10) 0.002

Active smokers, n(%) | 23(26) 9(28) 29(33) 0.604

*VAD group is significantly younger than control group

** Hypertension, hypercholesterolemia and diabetes are significantly more frequent in control
group compared to CAD. No significant differences between VAD and control groups in

terms of risk factors.




