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Anatomical characteristics of the
styloid process in cerebral
infarction related to carotid
artery dissection: a case-control
study

Shuna Shi, Limei Wang*, Haiyang Luo, Zhenling Fu and Yutao Liu

Department of Neurology, The First A�liated Hospital of Zhengzhou University, Zhengzhou University,

Zhengzhou, Henan, China

Purpose: To verify the hypothesis that length and inclination angle of the styloid

process may lead to cerebral infarction related to carotid artery dissection

through comparison of the length and inclination angle of the styloid process

in middle-aged and young stroke patients undergoing carotid artery dissection,

vertebral artery dissection, and non-dissection controls.

Methods: This was a Retrospective, single-center, case-control study that

enrolled patients with cerebral infarction related to internal carotid artery

dissection, vertebral artery dissection, and non-dissection controls. Eighteen

patients with carotid artery dissection patients (cases) were compared with 34

sex-matched patients with vertebral artery dissection (G1) and 55 sex-matched

patients without dissection (G2). The length and inclination angle of the styloid

process were measured using Computed tomography angiography images.

Di�erences between groups were estimated using the Student’s t-test.

Results: Styloid process length ipsilateral to the carotid artery dissection was

not significantly longer than that of the contralateral side of the cases (p > 0.05),

or to those of the ipsilateral and contralateral sides in patients with vertebral

artery dissection (p> 0.05). The styloid process length ipsilateral to the dissection

was significantly longer than those of the left and right sides of control patients

(p < 0.05 for both), while the inclination angle of the cases was significantly

larger than those of the ipsilateral and contralateral sides of the vertebral artery

dissection patients (p < 0.05), and to the left and right sides of control patients

(both p < 0.05).

Conclusion: Long styloid process length and a large inclination angle appear to

be risk factors for carotid artery dissection (CAD).

KEYWORDS

styloid process length, styloid process inclination angle, styloid process syndrome,

carotid dissection, internal carotid

1 Introduction

Carotid artery dissection (CAD) is a common cause of stroke in young individuals,

attributable to both genetic and environmental factors. Environmental factors include neck

activities, such as sudden braking, neck massage, yoga, coughing, sneezing, vomiting, and

wall brushing. Other related factors include infection, hypertension, hypercholesterolemia,

and obesity. Furthermore, styloid process syndrome (SPS) is associated with CAD, and the
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styloid process (SP) is gradually receiving attention. Most cases

of SPS are caused by sore throat, foreign body sensation in the

throat, and pain during neck turning; as such, patients seeking

treatment at the head and neck surgery clinic may overlook

symptoms such as internal CAD or even secondary acute cerebral

infarction; however, related research is lacking. This study further

explored the pathogenesis of CAD by analyzing the relationship

between SP length, inclination angle, and internal CAD -induced

cerebral infarction.

SPS most often occurs in women aged 30–50. The cause may be

ossification of the styloid hyoid ligament caused by abnormal levels

of calcium, phosphorus, vitamin D, or parathyroid hormone (1),

SPS may also be congenital or related to familial genetic factors (2).

SPS is divided into the classic and SP arterial type (3); the

former of which commonly occurs after tonsillectomy, causing

pain in the ipsilateral face, head, and neck; foreign body sensation

in the throat; tinnitus; swallowing disorders, etc. (4). Imaging

manifestations of the arterial-type SP include internal CAD,

pseudoaneurysm, carotid artery stenosis or the carotid stent broke

(5, 6).

The structure of the SP around the carotid artery requires

attention, particularly the length and inclination angle of the styloid

process (7). The extended SP compresses the internal carotid

artery, leading to dissection. Studies have further suggested that

when the SP length exceeds 31.15mm, the risk of CAD increases

fourfold (8). Several cases of ischemic stroke secondary to SPS

with bilateral CAD have also been reported (9–11). SPS is not

only related to an elongated styloid process, but also to abnormal

angles of the SP or variations in the vascular anatomy of the carotid

artery itself, which can cause compression of the internal carotid

artery by the bone process, leading to CAD (12). Some studies

suggest that the proximity of the styloid process to the carotid

artery and the mechanical action of the styloid process on the

ligaments and muscles surrounding the ipsilateral internal carotid

artery are related to the occurrence of carotid artery dissection

(1, 3, 13).

FIGURE 1

Examples of measurements of styloid process length [(A) small blue arrow] and styloid process inclination angle [(B) small green arrow].

The manifestations of CAD-related cerebral infarction in SPS

may involve multiple mechanisms, including (1) cerebral tissue

ischemia directly caused by SP compression of the internal carotid

artery; (2) damage to the inner wall of the carotid artery, resulting

in carotid embolism or internal CAD; and (3) vasovagal nerve

response. Research has further shown that an extended SP enhances

the lateral support of the stylopharyngeal muscle, causing more

pronounced compression of the internal carotid artery during neck

rotation (5). Consequently, patients with symptoms of CAD, such

as head and neck headache, Horner’s syndrome, limb hemiplegia,

hemiparesis, aphasia, and consciousness disorders, need to be

differentiated from those with SPS.

Computed tomography angiography (CTA) and 3D

reconstruction are widely recognized as the best methods for

diagnosing SPS (14), as they can visually observe the length,

inclination angle, and relationship of the SP with the internal

carotid artery. However, one meta-analysis indicated that imaging

examination methods do not affect the diagnosis of SPS (15). The

research objective was to investigate the correlation between the

length and angle of the styloid process and carotid artery dissection

related cerebral infarction.

2 Methods

2.1 Study participants

Cases and controls were selected from patients, aged 18–55

years, consecutively admitted to the stroke unit of our hospital,

from January 1, 2022, to January 1,2024. CAD and VAD diagnosis

was verified by two specialists, They observed endometrial patches,

intramural hematoma, double lumen sign, and rat tail sign

through CTA or high-resolutionMRI (16–18). Ethical approval was

obtained from the relevant institutional review board (IRB:2021-

KY-1289-001); however, the need for informed consent was waived

due to the retrospective study design.
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TABLE 1 Baseline characteristics of cases and controls.

Clinical characteristics CAD (n = 18) x ± SD or p VAD (n = 34) x ± SD or p G2 (n = 55) x ± SD or p P-value

Age 44.44± 11.25 39.85± 13.13 46.47± 7.52 P1= 0.21

p2= 0.48

Sexm (%) 14/18 26/34 43/55 P1= 0.92,

p2= 0.97

BMI 26.14± 3.7 25.31± 3.04 26.26± 3.56 P1= 0.39,

p2= 0.90

Neck massage or stretching (%) 0/18 1/34 0/55 P1= 0.03,

p2= 1.0

Hypertension (%) 6/18 10/34 29/55 P1= 0.78,

p2= 0.15

Diabetes mellitus (%) 0/18 5/34 8/55 P1= 0.13,

p2= 0.10

Past smoking (%) 3/18 11/34 20/55 P1= 0.25,

p2= 0.12

Moderate alcohol consumption

(%)

1/18 7/34 15/55 P1= 0.08,

p2= 0.01

CRP 2.93± 2.97 4.02± 6.42 3.00± 4.72 P1= 0.51,

p2= 0.96

Glycosylated hemoglobin 5.86± 1.06 5.88± 1.88 6.37± 1.30 P1= 0.95,

p2= 0.14

Total cholesterol 4.00± 1.74 3.74± 1.02 3.89± 0.92 P1= 0.51,

p2= 0.74

p1: CAD vs. VAD; p2: CAD vs. Control group 1. x, mean; p, proportion; BMI, body mass index; CRP, C-reactive protein.

The inclusion criteria were as follows: ① Patients with acute

cerebral infarction; ② Age between 18 and 55 years old; ③

underwent completed head magnetic resonance imaging (MRI),

MR angiography (MRA), and head and neck combined with CTA

in our hospital. Patients were divided into the CAD, VAD, and

other cause groups, according to the TOAST classification. Patients

with severe cardiovascular disease, neurological and psychiatric

diseases, neuromuscular diseases, SP fractures, CAD in the form

of pseudoaneurysms, or fibromuscular dysplasia were excluded.

2.1.1 Groups
Enrolled patients were categorized into the observation group

and two control groups, as follows: (1) observation group: patients

with CAD, excluding those with internal carotid artery aneurysms,

muscle fiber dysplasia, and vasculitis. (2) Control group 1 (G1):

patients with vertebral artery dissection (VAD), excluding vertebral

artery aneurysm. (3) Control group 2 (G2): age-and sex-matched

patients with non-dissection cerebral infarction, excluding those

with internal carotid artery aneurysms and those who underwent

internal carotid artery intervention surgery.

2.2 Measurements of styloid process
length and styloid process inclination angle

CT imaging was performed using a Siemens 64 slice double

helix machine, with patients in the supine position, with the lower

jaw elevated and the orbital line perpendicular to the scanning

bed. It is generally believed that a large inclination angle can easily

compress the internal carotid artery; therefore, inclination angle

measurement was performed. Measurements included bilateral

styloid process length and angulation of the process relative to

midline structures (SP inclination angle) (Figure 1). The angle

formed by the line connecting the tip of the SP and the midpoint

of the SP root to the horizontal line of the skull base was measured

(Figure 1). Multiple studies have used this measurement method to

analyze the relationship between styloid process length and internal

angle and carotid artery dissection (8, 19). The measurement was

performed by two neurology experts (Operator 1 and Operator 2)

and the average value was taken.

2.3 Collect data

A researcher recorded the basic characteristics (age, BMI,

CRP, glycated hemoglobin, or cholesterol levels, neck massage or

stretching, sex, hypertension, diabetes, smoking) of cases based on

medical records, and the length and angle of the styloid process

were collected for cases by two independent researchers, taking the

average. Neck massage or stretching defined: Cervical chiropractic

neck manipulations (using hands or massagers to massage the

neck), heavy lifting, sport associated injuries which are the most

common etiologies (20, 21).

2.4 Statistics

All statistical analyses were performed using the Statistical

Package for Social Sciences) IBM SPSS Statistics ver27. Quantitative
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data (age, BMI, CRP, glycated hemoglobin, or cholesterol levels,

the SP length and SP inclination angle) were expressed as

mean ± standard deviation (mean ± SD), and Student’s t-

test was used for statistical difference analysis. Qualitative datas

such as sex, hypertension, diabetes, smoking, neck massage or

stretching were expressed as percentage (%) and Chi square

test or Fisher’s exact test. Statistical significance was set at

p < 0.05. Bland Altman analysis was used to measure the

interrater agreement.

3 Results

Basic information about the CAD, VAD, and non-dissection

groups was presented in Table 1. There were no statistically

significant differences in age, sex, BMI, hypertension, diabetes,

smoking, CRP, glycated hemoglobin, or cholesterol levels (P >

0.05). However, statistically significant differences were found in

neck massage or stretching between the CAD and VAD groups

(P = 0.03), and in moderate alcohol consumption (men: ≤3

units/day; women: ≤2 units/day) between the CAD and non-

arterial dissection (P = 0.01). Compared to the VAD group, there

were more cases of neck massage or stretching in the CAD group;

and more cases of moderate alcohol consumption history in non-

dissection groups, however, moderate alcohol consumptionwas not

identified as a risk factor for an abnormal SP.

Among 407 cases of acute cerebral infarction aged 18–35,

107 cases completed CT-angiography (CTA) in our hospital

and were selected for the study. We included and analyzed 18

patients with CAD,34 with VAD (age- and sex-matched with

CAD patients, G1), and 55 non-dissection control group patients

(age/sex-matched, G2, Figure 2). The CAD group comprised

14 of 18 males (78%) and 4 of 18 females (22%), with an

average age of 44.44 years (±11.25). There were 26 males and 8

females in the VAD group, with an average age of 39.85 years

(±13.13); There were 43 males and 12 females in the non- arterial

dissection patient group, with an average age of 46.47 years

(± 7.52). There are more males than females in the CAD and

VAD groups.

The length of the SP in the CAD group was longer than

that in the non-dissection group, with an ipsilateral SP length

of 29.78mm (± 8.19) and a contralateral SP length of 25.61mm

(± 6.31). There was no statistically significant difference in the

length of the SP between the carotid dissection and contralateral

sides (P = 0.98). The length of the ipsilateral SP in the

VAD group was 26.16mm (±7.56), while the length of the

contralateral SP in the CAD group was 28.40mm (±9.42).

There was no statistically significant difference in the length

of the SP between the VAD side and contralateral side (P

= 0.29). The length of the left SP was 22.63mm (± 7.20),

and the length of the right SP was 24.40mm (±7.00) in non-

stratified stroke patients, with no statistically significant difference

between the two sides (P = 0.20). There was no significant

difference in the length of the SP between the CAD side and

the VAD side (P = 0.12); however, there was a significant

difference in the length of the right SP between patients with

CAD and those without dissection cerebral infarction (P =

0.01), and in the length of the left SP between patients with

FIGURE 2

The flowchart of patient selection.

CAD and those without dissection cerebral infarction (P =

0.001) (Figure 3).

SP inclination of the ipsilateral side was not significantly larger

compared to that of the contralateral side in CAD cases (69.76◦ ±

6.89 vs. 70.26◦ ± 5.62, p = 0.813), but was significantly larger than

those of the ipsilateral (65.33 ± 73.4, P = 0.04) and contralateral

(67.55◦ ± 7.05, P = 0.014) sides in the VAD groups, and to the left

(65.09◦ ± 8.64, p= 0.041) and right (63.86± 8.72, P= 0.011) sides

of non-dissection stroke patients.

Bland Altman analysis showed a good interrater agreement

between the measurements independently taken by the two

Neurologist: 95% of the differences between measurements are

included within the limits of agreement (Figure 4).

4 Discussion

Our study confirmed data from prior studies suggesting that

the SP length and inclination angles could be risk factors for CAD;

furthermore, our results indicate that the SP length of patients

with CAD is longer than that of non-dissection stroke patients,

consistent with a previous study. In contrast to previous studies

(8, 19, 22), we found that the characteristics of the SP contralateral
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FIGURE 3

(A) Quartile distribution of styloid process length (mm) between cases and controls (CAD groups, VAD groups, Non-arterial dissection groups. (B)

Quartile distribution of the styloid process Inclination angle (◦) between cases and controls (CAD groups, VAD groups, Non-arterial dissection groups.

P-values refer to independent t-student tests for comparison of means (ns: non-significant, p > 0.05).

to the ICADwere not significantly associated with dissection, which

could explain the low frequency of bilateral ICAD. However, this

association was only marginally significant, which could be related

to the small sample size. Furthermore, unlike previous systematic

reviews and meta-analyses (15), our research showed that there

are significantly more male than female cases of CAD, which may

be related to the single center design and small sample size of

the present study. Further, our findings are targeted at young and

middle-aged CAD patients, which does not fully represent the

characteristics of Carotid artery dissection patients. Themechanical
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FIGURE 4

Bland Altman analysis: interrater agreement for styloid process

length and angle (OP 1, operator 1; OP 2, operator 2).

compression or friction between the SP and the carotid artery is

caused by the anatomically long length and large inclination angle

of the SP, combined with external factors, such as neck movement,

coughing, and neck massage. This study found that the SP length

and inclination angles may have potential mechanical effects in

some CAD cases.

Consequently, the proposed measurement method is reliable.

Measuring the length of the SP on head and neck CTA is more

intuitive, and the inclination angle of the SP is not affected by the

calcification of the hyoid bone SP. As a bony structure, the SP will

not shift or change in the short term. We excluded patients with

CAD in the form of pseudoaneurysms, as well as patients with

muscle fiber dysplasia and SP fractures, in whommeasurements are

more difficult because of interference from multiple factors.

The distance between the SP and the carotid artery was not

measured in this study because the anatomical variation of the

SP is large, and the location could not be uniformly maintained.

Moreover, the distance was small, and the results were easily

affected by different measurements and the condition of the

carotid hematoma.

The primary limitations of our study are as follows: Firstly,

the single-center design could have introduced a patient selection

bias. Some patients who visited our center for treatment had

already completed head and neck CTA examinations outside the

hospital or refused CTA examination; these patients were excluded

to reduce measurement interference factors, resulting in a limited

number of patients with CAD being screened out. Furthermore,

3D reconstruction CTA examination was not available because

of limited conditions, and CTA examination was not performed

at different angles of head rotation to directly demonstrate the

mechanical effect of SP on the carotid artery. In addition, there may

be a risk of carotid artery reinjury during neck rotation, and ameta-

analysis showed that imaging examination methods do not affect

the diagnosis of Styloid Process Syndrome (15).

Despite these limitations, this study opens up new insights,

stimulates further explorations of the etiology and pathogenesis

of dissection in young and middle-aged patients. Few long-

term follow-up studies have been conducted on patients

with CAD; therefore, reports on the recurrence of CAD are

rare. Because of the many potential risk factors for CAD,

including underlying connective tissue disease, infection, migraine,

hyperhomoglutamatemia, genetic factors, and other environmental

factors, the SP length and medial inclination angle may be risk

factors. Based on the anatomical risk factors of the SP, when

the head and neck rotation reaches a certain degree, adverse

mechanical conditions will occur, leading to direct damage to the

internal carotid artery by the styloid process. In follow-up studies,

SP anatomy can be used as a follow-up factor.

5 Conclusions

Our research suggested that abnormal length and tilt angle of

SPmay be a risk factor for cerebral infarctions associated with CAD

in young-and middle-aged patients. Consequently, the length and

inclination angle of the SP should be considered when diagnosing

and treating such patients. The anatomical relationship between the

SP and the carotid artery before CAD stent surgery also needs to be

considered to reduce or even avoid secondary damage to the carotid

artery caused by SP after surgery. When asymptomatic elongation

or an abnormal angle of the SP is observed, medication and

surgical treatment are unnecessary. Before SP resection surgery, it

is important to avoid inducing movements such as neck massage,

sudden neck rotation, and neck stretching as much as possible.

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be

directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics

Commission of the Medicine Department, The First Affiliated

Hospital of Zhengzhou University. The studies were conducted

in accordance with the local legislation and institutional

requirements. Written informed consent for participation

was not required from the participants or the participants’ legal

guardians/next of kin in accordance with the national legislation

and institutional requirements.

Frontiers inNeurology 06 frontiersin.org

https://doi.org/10.3389/fneur.2025.1573667
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Shi et al. 10.3389/fneur.2025.1573667

Author contributions

SS: Conceptualization, Data curation, Formal analysis,

Methodology, Software, Supervision, Validation, Visualization,

Writing – original draft, Writing – review & editing, Investigation.

LW: Conceptualization, Data curation, Methodology, Resources,

Supervision, Writing – original draft, Writing – review &

editing, Formal analysis, Investigation, Validation, Visualization,

Software. HL: Conceptualization, Data curation, Methodology,

Software, Supervision, Investigation, Formal analysis, Validation,

Visualization, Writing – original draft, Writing – review

& editing. ZF: Data curation, Formal analysis, Software,

Supervision, Conceptualization, Investigation, Validation,

Visualization, Methodology, Writing – review & editing. YL:

Conceptualization, Data curation, Formal analysis, Software,

Supervision, Investigation, Methodology, Validation, Visualization,

Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Arvind B, Ameya J, Alexander Joseph AK, Sameep K, Peter Paul DD, Yadranko
D, et al. Eagle Syndrome: A Comprehensive Review. Clin Neurol Neurosurg. (2017)
159:34–8. doi: 10.1016/j.clineuro.2017.04.021

2. Kelly C L, Justin M, Kyle M. Spontaneous Rupture of the Internal Carotid Artery
Owing to an Aberrant Styloid Process in an Identical Twin. JAMA Otolaryngol Head
Neck Surg. (2020) 146:385–6. doi: 10.1001/jamaoto.2019.4790

3. Hajime I, Masahito T, Ayako N, Eriko Y, Junpei K, Kozue S, et al.
Bilateral Carotid Artery Dissection Due to Eagle Syndrome in a Patient
with Vascular Ehlers-Danlos Syndrome: A Case Report. BMC Neurol. (2020)
20:285. doi: 10.1186/s12883-020-01866-2

4. Brihaspati S, Mitesh K, Kusheshwar S. Bilateral Elongated Styloid Processes: Eagle
Syndrome. Lancet. (2021) 397:1387. doi: 10.1016/S0140-6736(21)00531-6

5. R Shane T, Marios L, Joshua D, Aaron A C-G. Compression of the Cervical
Internal Carotid Artery by the Stylopharyngeus Muscle: An Anatomical Study with
Potential Clinical Significance. Laboratory Investigation. J Neurosurg. (2010) 113:881–
4. doi: 10.3171/2010.1.JNS091407

6. Dong Hoon L, Tae Mi Y, Joon Kyoo L, Sang Chul L. The Role of 3d-Printing
Technology in the Diagnosis of Eagle Syndrome: A Case Report.Medicine (Baltimore).
(2018) 97:e9989. doi: 10.1097/MD.0000000000009989

7. Walter R D-C, Dongkwan J, Gabriel N, Thomas W. Bilateral Carotid
Dissection Due to Eagle Syndrome in a Young Female. eNeurologicalSci (2021)
24:100353. doi: 10.1016/j.ensci.2021.100353

8. Raser JM, Mullen MT, Kasner SE, Cucchiara BL, Messe SR. Cervical Carotid
Artery Dissection Is Associated with Styloid Process Length. Neurology. (2011)
77:2061–6. doi: 10.1212/WNL.0b013e31823b4729

9. Shakaib Q, Muhammad U F, Philip B G. Ischemic Stroke Secondary
to Stylocarotid Variant of Eagle Syndrome. Neurohospitalist. (2019)
9:105–8. doi: 10.1177/1941874418797763

10. Lisan Q, Rubin F,Werner A, Guiquerro S, Bonfils P, Laccourreye O.Management
of stylohyoid syndrome: a systematic review following prisma guidelines. Eur Ann
Otorhinolaryngol Head Neck Dis. (2019) 136:281–7. doi: 10.1016/j.anorl.2019.05.002

11. Abdulrahman A, Marshall D, Nebras M W, Alireza M, Thomas R M. Vascular
eagle’s syndrome: two cases illustrating distinct mechanisms of cerebral ischemia. J
Radiol Case Rep. (2018) 11:1–7. doi: 10.3941/jrcr.v11i8.3040

12. Chuang WC, Short JH, McKinney AM, Anker L, Knoll B, McKinney ZJ.
Reversible Left Hemispheric Ischemia Secondary to Carotid Compression in Eagle

Syndrome: Surgical and Ct Angiographic Correlation. AJNR Am J Neuroradiol.
(2007) 28:143–5.

13. José M A, Daniela P, Marta G R, José B-C, Margarida L, André C, et al.
Anatomical characteristics of the styloid process in internal carotid artery dissection:
case-control study. Int J Stroke. (2017) 13:400–5. doi: 10.1177/1747493017730779

14. Tanaka S, Terayama H,Miyaki Y, Kiyoshima D, Qu N, Umemoto K, et al. A gross
anatomical study of the styloid process of the temporal bone in Japanese cadavers. Folia
Morphol. (2021) 81:493–502. doi: 10.5603/FM.a2021.0019

15. Fernanda N-R, Larissa dOR, Rocharles Cavalcante F, Deborah Queiroz F, Cinthia
Pereira Machado T. Prevalence and features of elongated styloid process on imaging
studies: a systematic review and meta-analysis. Clin Oral Investig. (2021) 26:1199–
215. doi: 10.1007/s00784-021-04285-w

16. Vertinsky AT, Schwartz NE, Fischbein NJ, Rosenberg J, Albers GW, Zaharchuk
G. Comparison of multidetector Ct angiography and Mr imaging of cervical
artery dissection. AJNR Am J Neuroradiol. (2008) 29:1753–60. doi: 10.3174/ajnr.
A1189

17. Taschner C, Leclerc X, Lucas C, Pruvo J. Computed tomography angiography
for the evaluation of carotid artery dissections. Front Neurol Neurosci (2007) 20
119-128. doi: 10.1159/000088156

18. Edjlali M, Roca P, Rabrait C, Naggara O, Oppenheim C. 3D Fast
spin-echo T1 black-blood imaging for the diagnosis of cervical artery
dissection. AJNR Am J Neuroradiol. (2012) 34:E103–6. doi: 10.3174/ajnr.
A3261

19. Dimitri R, Souhayla A, Caroline A, Bart S, Pierre L, Vincent T. Styloid and hyoid
bone proximity is a risk factor for cervical carotid artery dissection. Stroke. (2013)
44:2475–9. doi: 10.1161/STROKEAHA.113.001444

20. Stefan T E, Caspar G-G, Tiina M M, Antti J M, Manja K, Stephanie D, et al.
Cervical artery dissection: trauma and other potential mechanical trigger events.
Neurology. (2013) 80:1950–7. doi: 10.1212/WNL.0b013e318293e2eb

21. José B, Ralph L S, Felipe C A, Bart M D, Pierre F, Preston H L, et al. Cervical
Arterial Dissections and Association with Cervical Manipulative Therapy: A Statement
for Healthcare Professionals from the American Heart Association/American Stroke
Association. Stroke. (2014) 45:3155–74. doi: 10.1161/STR.0000000000000016

22. Luo Y, Cao Y, Cao Z, Shi D, Shi J. Ischemic stroke caused by bilateral internal
carotid artery dissection due to elongated styloid processes: a case report. Am J Med.
(2024) 137:719–21. doi: 10.1016/j.amjmed.2024.04.001

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2025.1573667
https://doi.org/10.1016/j.clineuro.2017.04.021
https://doi.org/10.1001/jamaoto.2019.4790
https://doi.org/10.1186/s12883-020-01866-2
https://doi.org/10.1016/S0140-6736(21)00531-6
https://doi.org/10.3171/2010.1.JNS091407
https://doi.org/10.1097/MD.0000000000009989
https://doi.org/10.1016/j.ensci.2021.100353
https://doi.org/10.1212/WNL.0b013e31823b4729
https://doi.org/10.1177/1941874418797763
https://doi.org/10.1016/j.anorl.2019.05.002
https://doi.org/10.3941/jrcr.v11i8.3040
https://doi.org/10.1177/1747493017730779
https://doi.org/10.5603/FM.a2021.0019
https://doi.org/10.1007/s00784-021-04285-w
https://doi.org/10.3174/ajnr.A1189
https://doi.org/10.1159/000088156
https://doi.org/10.3174/ajnr.A3261
https://doi.org/10.1161/STROKEAHA.113.001444
https://doi.org/10.1212/WNL.0b013e318293e2eb
https://doi.org/10.1161/STR.0000000000000016
https://doi.org/10.1016/j.amjmed.2024.04.001
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Anatomical characteristics of the styloid process in cerebral infarction related to carotid artery dissection: a case-control study
	1 Introduction
	2 Methods
	2.1 Study participants
	2.1.1 Groups

	2.2 Measurements of styloid process length and styloid process inclination angle
	2.3 Collect data
	2.4 Statistics

	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


