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A B S T R A C T

Objectives: This research aimed at investigating the relationship between calcification of

the stylohyoid ligaments (SHLs) and odontogenic inflammatory events.

Methods: Cone-beam computed tomography scans of 175 patients were retrospectively

assessed for presence of SHL calcifications. Frequencies of 4 types of odontogenic

inflammatory events were assessed using the same scans, namely dental extractions,

root canal treatments, furcation lesions, and periapical lesions. Patients were tele-

phone-interviewed and asked about histories of tonsillectomy and head and neck

trauma. Mann−Whitney U and binary logistic regression tests were used to assess

associations between SHL calcification and mean ranks of odontogenic inflammatory

events.

Results: Calcification of SHLs was detected in 71 (41%) and 58 (33%) patients on the right and

left sides, respectively. Tonsillectomy and trauma were reported in 14% and 10% of the

sample, respectively. Amongst all inflammatory events, root canal treatments were signifi-

cantly associated with SHL calcification (U = 2755; Z = �2.1; P = .035). This association was

independent from patient age, tonsillectomy, trauma, and other inflammatory events

(odds ratio, 1.2; 95% confidence interval, 1.0−1.4; P = .036).

Conclusions: This study presents new evidence that intra-oral inflammatory events, particu-

larly related to root canal treatments, have a stronger association with SHL dystrophic cal-

cification than that associated with traditional predisposing factors (ie, old age,

tonsillectomy, and trauma).

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
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Introduction

Dystrophic calcification represents a situation in which insol-

uble mineral salts are deposited in soft tissues, in the absence

of an increase in serum calcium and phosphate. This type of

calcification has been incidentally detected in the head and

neck region in more than 33% of the population.1,2

Although asymptomatic in most patients, dystrophic

calcifications in the neck have occasionally been associ-

ated with conditions that range in their severity from mild

to life-threatening.3 Examples of those conditions include

ischemic stroke, which has been linked to carotid artery

calcification,4 and Eagle syndrome, which results from

elongated styloid process (SP) and/or calcified stylohyoid

ligaments (SHLs).5
In a recent systematic review, SHL calcification, as an inci-

dental finding, was reported in 27% of cone-beam computed

tomography (CBCT) scans.2 Whilst the exact cause of SHL cal-

cification remains unknown, associations with predisposing

factors including old age,6-9 tonsillectomy,10,11 and trauma to

the head and neck5,12 have been suggested.

Donders et al reported an association between the number

of missing teeth and higher scores of carotid artery calcifica-

tion,13 suggesting that dental pathologies play a role in the

occurrence of dystrophic calcification in the neck. The

increasing prevalence of dental diseases at the global scale14

proposes the question whether dental and periodontal dis-

eases are associated with dystrophic calcification in nearby

soft tissues in the neck.

In this retrospective radiological study, we aimed at investi-

gating the relationship between incidentally detected SHL

calcifications and radiologic manifestations of 4 types of odon-

togenic inflammatory events, namely missing teeth, root

canal−treated teeth, furcation lesions, and periapical lesions.
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http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:salamad@sharjah.ac.ae
https://doi.org/10.1016/j.identj.2022.06.021
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.identj.2022.06.021


152 a l - amad e t a l .
Methods

This study was part of a large project that investigated the

clinical significance of stylohyoid apparatus.15 The study

arms were approved by the University of Sharjah Research

Ethics Committee (approval number REC-19-12-16-01). The

said committee works in accordance with the Helsinki Decla-

ration of 1964 and its later amendments. All patients gave

their consent to participate in this research.

Sample size

Sample size was calculated using the following formula:

N = {1.962 £ p £ (1 � p)}/ME2. Based on a recent systematic

review that assessed the association between Eagle syndrome

and trauma,11 p was set at 12.5%. This rate represented the

percentage of Eagle syndrome cases associated with dental

extractions vs other forms of trauma.11 With amargin of error

set at 5% and with a 95% confidence level, the minimum

sample size needed was 167.

Radiologic assessment

All CBCT scans archived in the radiology unit of the Uni-

versity Dental Hospital Sharjah were retrieved and used

in this study. All scans had been performed previously

for clinical reasons related to patients’ assessment and

treatment planning, such as dental implantology, ortho-

dontic treatments, and wisdom tooth extractions. Our

radiology studies were conducted using a field of view of

17 £ 13 cm. All scans were done using Sirona GALILEOS�

(Dentsply Sirona).

Each scan was assessed for the presence and number of 4

types of odontogenic inflammatory events, namely number

of missing teeth (excluding third molars), number of root

canal−treated teeth, number of furcation lesions, and num-

ber of periapical lesions. Presence or absence of calcification
Fig –Cone beam computed tomography image in the sagittal pla

hyoid ligament calcification.
of SHLs, length of the right and left SPs, and length of calcifi-

cation of the right and left SHL, were measured using Sirona

GALAXIES software (version 1.9.5605.25519, Dentsply Sirona).

Interruptions of calcification of SHLs (ie, skip areas) were

included in the overall calcification length. SHL calcification

patterns were not assessed. Assessment was performed in

the sagittal plane and verified in both coronal and axial

planes. All scans were assessed by the same oral and

maxillofacial radiologist (see Figure).

Demographic data and medical history

Patients’ age and sex were collected from their electronic

medical records. Patients with valid telephone numbers were

contacted and asked for their consent to use their archived

radiographs for this research. Patients who consented were

asked about self-reported histories of tonsillectomy and

major trauma to the head and neck, such as car accidents,

sports injuries, and falls.

Statistical analysis

SPSS Statistics package (IBM Corp. Released 2021. IBM SPSS

Statistics for Macintosh, Version 28.0) was used for statis-

tical analysis. Calcification of SHLs was assessed both as a

continuous variable and as a nominal variable (present or

absent). Odontogenic inflammatory events were assessed

as ordinal variables. Correlations amongst those events

themselves and between them and lengths of SPs and SHL

calcifications were assessed using Spearman and Pearson

coefficient tests, respectively. Chi-square test was used to

assess associations between history of tonsillectomy and

trauma and presence of SHL calcification, whilst Mann

−Whitney U test was used for comparing the mean ranks

of odontogenic inflammatory events against the SHL calci-

fication. Binary logistic regression model was used to

assess the strength of association between calcification of
ne showing the length of styloid process and length of stylo-



Table 2 – Descriptive statistics of the sample’s odontogenic
inflammatory events.

Dental pathologies Range Mean Median (SD)
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SHLs with various types of inflammatory events, adjusted

for traditional aetiologies (ie, old age, tonsillectomy, and

trauma).P value was considered significant at <.05.
Number of extracted teeth* 0−28 4.6 2 (6.1)

Number of root canal−treated
teeth

2−20 2.1 1 (2.8)

Number of periapical lesions 0−8 0.9 0 (1.3)

Number of furcation lesions 0−4 0.3 0 (0.7)

* Excluding third molars.
Results

The mean age of our sample was 40.7 (SD = 13.0) years, ranging

from 20 to 76 years. Male to female ratio was almost 1:1, with

55% being male. Tonsillectomy and trauma to the head and

neck were reported in 14% and 10% of the sample, respectively.

Calcification of the SHL was detected in 71 (41%) and 58 (33%)

patients on the right and left sides, respectively (Table 1).

The most common odontogenic inflammatory event was

dental extractions (90%). Themean number of extracted teeth

throughout the sample was almost 5 (Table 2). Table 3 shows

the results of Mann−Whitney U test wherein higher mean

ranks of odontogenic inflammatory events were seen in

patients with SHL calcifications. Despite this, the only statis-

tically significant difference in mean ranks was related to

root canal treatments; patients with SHL calcification had a

greater number of root canal−treated teeth (U = 2755.00;

Z = �2.1; P = .035; Table 3).

The mean lengths of the right and left SPs were 30.2 mm

(SD = 10.8) and 31.2 mm (SD = 10.5), respectively, whilst the

mean lengths of calcification of the SHLs on the right and

left side were 8.3 mm (SD = 11.7) and 7.2 mm (SD = 11.8)

mm, respectively. Pearson correlation coefficient test

showed a positive correlation between the length of SP on

the right and left side (r = 0.58; P < .001) and between calci-

fication of the SHL on the right and left sides (r = 0.63; P <
.001). A significant positive correlation was also observed

between the number of root canal−treated teeth and dental

extractions (r = 0.167; P < .05), periapical lesions (r = 0.525;

P < .05), and furcation lesions (r = 0.153; P < .05; based on

Spearman correlation).
Table 1 – Demographic and medical data and radiologic
findings related to odontogenic inflammatory events and
calcification of SHLs.

Variable n (%)

Sex Male 96 (54.9)

Female 79 (45.1)

History of tonsillectomy No 150 (85.7)

Yes 25 (14.3)

History of trauma No 155 (89.6)

Yes 18 (10.4)

Extracted teeth Absent 18 (10.3)

Present 157 (89.7)

Root canal−treated teeth Absent 74 (42.3)

Present 101 (57.7)

Furcation lesions Absent 151 (86.3)

Present 24 (13.7)

Periapical lesions Absent 101 (57.7)

Present 74 (42.3)

Calcification of the SHL on the right side Absent 104 (59.4)

Present 71 (40.6)

Calcification of the SHL on the left side Absent 117 (66.9)

Present 58 (33.1)

SHL, stylohyoid ligament.
No difference was observed between SHL calcification and

patients’ sex, or self-reported histories of tonsillectomy and

trauma (Table 4). Patients with SHL calcification were slightly

older than those without calcification: 41.7 (SD = 13.0) years

vs 40.0 (SD = 13.0) years on the right side and 41.5 (SD = 13.4)

years vs 40.3 (SD = 12.9) years on the left side, respectively.

However, the difference between means was not statistically

significant (P = .393 and P = .581 on the right and left sides,

respectively; based on independent-samples t test). A binary

logistic regression model showed that root canal treatment is

a significant predictor of calcification of the SHL that is inde-

pendent from patient age, histories of trauma and tonsillec-

tomy, and other dental pathologies (Table 5).
Discussion

Dystrophic calcifications of the SHLs, with or without elonga-

tion of the SP, have been linked to nonspecific symptoms of

dizziness, dysphagia, and pain in the head and neck region in

what is collectively known as Eagle syndrome.16

Causes of calcifications in the SHLs have not been fully

established. However, associations with various inflamma-

tory events have been reported. Those include old age,6-9 ton-

sillectomy,17-19 and trauma to the head and neck.11,16 Our

study showed that—amongst our sample—none of those 3

predisposing factors had an association with the presence of

SHL calcification.

Since dental pathologies occur at close anatomic proxim-

ity to SHLs, we investigated potential associations between

intra-oral signs of odontogenic inflammatory events and SHL

calcifications, with the assumption that dental inflammatory

foci have an impact on the nearby stylohyoid apparatus.

Our findings showed that SHL calcifications were associ-

ated with greater number of dental extractions and periapical

lesions, but those associations were not statistically signifi-

cant. A significant association, however, was found between

those calcifications and the number of root canal−treated
teeth.

Compared to dental extractions, root canal treatments are

complex and carry greater inflammatory impact on adjacent

tissues for 2 reasons. First, root canal treatments are done to

treat necrotic or intensely inflamed pulpal and periapical tis-

sues, both of which represent inflammatory foci in the jaws.

Second, completing a root canal treatment necessitates mul-

tiple visits, with the potential for procedural inflammation

during and after each visit.

Several studies showed higher levels of proinflammatory

cytokines tumour necrosis factor, interleukin (IL)-6, and IL-1B



Table 3 – Comparison of the mean ranks of the dental pathologies amongst patients with and without calcification of the
SHLs.

Dental pathology Presence of calcification Right SHL Left SHL

Mean rank U value (P value*) Mean rank U value (P value*)

Extracted teeth Not detected 86.03 3487.00 (.529) 87.33 3314.50 (.802)

Detected 90.89 89.35

Root canal−treated teeth Not detected 83.99 3275.00 (.186) 82.55 2755.00 (.035)

Detected 93.87 99.00

Furcation lesions Not detected 88.48 3642.50 (.801) 87.86 3376.50 (.930)

Detected 87.30 88.28

Periapical lesions Not detected 86.53 3539.00 (.603) 86.68 3239.00 (.585)

Detected 90.15 90.66

* Based on Mann−Whitney U test.SHL, stylohyoid ligament.

Table 4 – Association between SHL calcification and self-reported history of tonsillectomy and trauma

Variables Calcification of the SHL
on the right side

P value* Calcification of the SHL
on the left side

P value*

Absent, n (%) Present, n (%) Absent, n (%) Present, n (%)

Sex Male 60 (62.5) 36 (37.5) .362 67 (69.8) 29 (30.2) .363

Female 44 (55.7) 35 (44.3) 50 (63.3) 29 (36.7)

History of

tonsillectomy

No 87 (58.0) 63 (42.0) .346 99 (66.0) 51 (34.0) .555

Yes 17 (68.0) 8 (32.0) 18 (72.0) 7 (28.0)

History of trauma No 92 (59.4) 63 (40.6) .756 103 (66.5) 52 (33.5) .985

Yes 10 (55.6) 8 (44.4) 12 (66.7) 6 (33.3)

* Based on chi-square test.SHL, stylohyoid ligament.
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during and after root canal treatments.20-22 The same

cytokines have similarly been associated with dystrophic cal-

cification.23 The mutual presence of proinflammatory cyto-

kines in both situations support the assumption that intra-

oral inflammatory events, which result from dental patholo-

gies and advanced dental treatments, are associated with

SHL calcifications.

More than half of our sample (58%) had at least one root

canal−treated tooth. This prevalence rate is similar to

recently published reports24,25 but higher than that reported

regionally26 and globally.27,28 The higher rates of root canal

−treated teeth amongst our sample can be explained by

nature of our patients themselves, the majority of whom are

disadvantaged persons who attended our teaching institute

(study site) for free dental treatments. Previous studies have
Table 5 – Binary logistic regression model assessing the strengt
of calcification of the SHL on the left side.

Variable B SE

Age �0.003 0.015

History of trauma �0.076 0.553

History of tonsillectomy �0.147 0.488

Extracted teeth 0.018 0.031

Root canal−treated teeth 0.154 0.073

Furcation lesions 0.095 0.230

Periapical lesions �0.147 0.154

SHL, stylohyoid ligament.
shown higher rates of dental diseases and pulpal pathologies

amongst people of lower socioeconomic status.29,30 The posi-

tive correlation amongst root canal treatments, dental extrac-

tions, periapical lesions, and furcation lesions implies that

root canal treatment is not singularly high, but represents the

sample’s overall poor dental health.

Prevalence of SHL calcification has been reported to range

from 2% to 68%.1,31-34 The prevalence in our study was 33%

and 41% in the right and left sides, respectively, which is sim-

ilar to that reported elsewhere.2,34

The wide range of prevalence rates reported in the litera-

ture can be explained by the tool used to assess SHL calcifica-

tion. In most studies, 2-dimensional panoramic radiographs

were used, which—although conveniently available—are lim-

ited by perspective distortion in which anatomic structures
h of association between root canal treatment and presence

Sig. Exp(B) 95% CI

Lower Upper

0.836 0.997 0.967 1.027

0.890 0.927 0.313 2.741

0.764 0.864 0.332 2.249

0.569 1.018 0.958 1.081

0.036 1.167 1.010 1.347

0.680 1.100 0.700 1.727

0.340 0.864 0.639 1.167
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that are deep in the medial and posterior directions are not

visible in their true dimensions or not visible at all. Three-

dimensional CBCT scans overcome this limitation and pro-

vide an accurate assessment of the stylohyoid apparatus that

is free from any dimensional distortion.35,36 Hence, we con-

sider the prevalence rate reported here to be of higher accu-

racy than that reported using 2-dimensional radiographs.

This study is the first in showing an association between

root canal treatments and SHL calcifications. Our results are

strengthened by the inclusion of old age, tonsillectomy, and

trauma as confounding factors that have been adjusted for.

Although the association reported here does not establish a

causal relationship between intra-oral inflammatory events

and SHL calcifications, those results form grounds for future

prospective cohort studies aimed at investigating chronologi-

cal causative associations.

Despite those findings, our study is limited by the follow-

ing: First, tonsillectomy and trauma to the head and neck

were self-reported without objectively verifying patients’

recalls using medical records. Second, imbalances in serum

minerals were not assessed as a possible cause of SHL calcifi-

cation. Third, the association reported between root canal

treatments and SHL calcification is based on the mere radio-

graphic occurrence of root canal treatments, without assess-

ing the effectiveness of those treatments.
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