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Abstract

Background. The objective of this study was to investigate the prevalence and
patterns of styloid process elongation in a general Lebanese population sample.
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Methods. Digital panoramic radiographs of 489 Lebanese adults (218 males and
271 females, mean age of 47.56 + 16.149) were included in this retrospective study.
First, we screened for detection of elongated styloid process, then we analyzed these
cases and classified the elongation types. Data obtained were transformed into SPSS
v24 and descriptive and inferential analyses were done.
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Results. In our sample, elongated styloid process was seen in 76 cases (15.5%)
(45/271 women and 31/218 men). Despite no significant gender predisposition,
females were slightly more affected than males (59.2% females to 40.8% males).
As for the age, elongation was significantly more likely to be present at 45-64 years
of age. The right side was slightly more affected than the left side (86.8% vs. 76.3%
respectively), with type 1 elongation as the most common. Nevertheless, bilateral
elongation was much more common than unilateral elongation (63.2%).

Interestingly, females were more likely to suffer from bilateral elongation (64.58%)
compared to men (35.41%).

Conclusion. Elongated styloid process represents a common finding detected
fortuitously on panoramic radiographs. Therefore, being a main feature in Eagle
syndrome, dentists should be aware of this clinical entity and actively screen for it.

Keywords: clongated styloid process syndrome, Lebanon, Eagle syndrome,
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Introduction
The styloid process (SP) is a thin
cylindrical bony structure that projects

as long as it does not extend below the
mandibular foramen and otherwise
elongated [5,6]. Indeed, elongated SP has
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downward and forward from the inferior
surface of the petrous temporal bone
anteromedially to the stylomastoid
foramen. It is located between the
carotid arteries and presents the site of
insertion of the stylohyoid, styloglossus,
and stylopharyngeus muscles, as well as
to the stylohyoid and stylomandibular
ligaments [1,2].

Many authors have reported
that the normal length of the SP ranges
from 20 to 30 mm; consequently, longer
SP is considered eclongated [3,4]. For
others, the SP is within normal size

been investigated in different populations
by different techniques. In fact, a very
wide variation of the prevalence of SP
elongation was reported, ranging from 4
to 30% [7-9].

A variety of theories have been
proposed to clarify the SP elongation
since initially described by the American
otorhinolaryngologist Watt. W. Eagle,
in 1937 [10]. Several researchers
described a congenital etiology of such
finding; others, however, postulated
that calcification/ossification of the
stylohyoid ligament of unclear cause
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may lead to such elongation; besides, it has been reported
that development of bony tissue at the site of insertion of
the stylohyoid ligament may contribute to this condition
as well [11,12].

Usually, elongated SPs are asymptomatic, with only
4 to 10.3% present with clinical symptoms [10] defining
Eagle syndrome, also known as styloid or stylohyoid
syndrome; when symptomatic, elongated SP is reported
to possess weak to no correlation with pain intensity
and clinical complications [13]. Nevertheless, studies
suggested no association of calcification/ossification
degree with clinical signs [11].

In fact, Eagle syndrome usually presents with non-
specific symptoms, typically including dysphagia and
cervicofacial pain most likely due to the compression
of surrounding nerves [2]. Additionally, uncommon
symptoms may include neuralgia (mainly of trigeminal
or glossopharyngeal nerve) [9,14,15], tinnitus, otalgia,
orbital and maxillary radiating pain [2,15]. Furthermore,
elongated SP can contribute to the development of transient
ischemic attacks or ischemic stroke by compressing the
carotid arterial system, and in rare cases, carotid dissection
[16]; this takes place in the stylo-carotid syndrome
that is caused by pressure of the elongated SP on the
internal/external carotid artery and the sympathetic fibers
encircled within these vessels. This condition is usually
characterized by pain and recurrent syncope provoked by
cervical movements, especially rotational [17]. Similarly,
compression of dural spaces and of the internal jugular
vein in so-called “Eagle-jugular syndrome” can ultimately
lead to altered cerebral perfusion, with increased intra-
cranial pressure and risk of cerebral hemorrhage [18,19].
This places additional clinical implication for the dental
professional: special care must be taken during dental
treatment to avoid positioning the patient in postures that
cause further compression of any of these vital structures
and decrease risk of aforementioned complications, such
as head rotation and wide mouth opening [20,21].

In such severe cases, surgical shortening of the
SP may be performed, either via intraoral or extra-oral
approaches leading to marked improvement. Alternative
nonsurgical treatments have been proposed but none have
been were shown to be successful [17].

Eagle’s syndrome is often misdiagnosed and
accidentally detected during radiological exams [2].
When evaluating signs of Eagle syndrome, the differential
diagnosis must include other more common conditions
first: tonsillitis, dysphagia and/or odynophagia of other
cause, odontogenic pain, , arthritis, and tongue and
oropharyngeal tumors trigeminal and/or glossopharyngeal
neuralgia not induced by Eagle syndrome, sphenopalatine
ganglia neuralgia, primary headaches (migraine, cluster),
temporomandibular disorders, myofascial pain affecting
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neck and masticatory muscles, and upper aerodigestive
tract tumors [22—24]. Upon suspicion of Eagle syndrome,
reproducing pain perceived by the patient is of important
clinical relevance. In fact, it may be very useful to palpate
the SP with the index finder placed over the tonsillar
fossa intra-orally with gentle pressure application; if such
palpation triggers the painful complaint, this is in support
of a clinical diagnosis of Eagle syndrome [9,22,25].

Given the fact that the diagnosis of Eagle
syndrome is difficult, different imaging modalities are
useful in detecting SP eclongation. Such techniques
include panoramic radiograph, lateral skull view
radiograph, and non-angled (PA view) and angled
(Towne’s view) posteroanterior skull radiographs.
Furthermore, three-dimensional imaging techniques
such as computed tomography (CT) scan and cone-
beam computed tomography (CBCT) allow for complete
detailed visualization (length, angulation and relation to
contiguous structures) [26,27]. However, since panoramic
radiography is a frequently-used imaging modality in
dental offices, dental professionals are able to incidentally
detect elongated when examining patients’ panoramic
radiographs.

In the absence of any radiologic investigation
specifically targeted for elongated SP in Lebanon, the
aim of this study was to assess its prevalence in a sample
of Lebanese population by means of digital panoramic
radiographs.

Methods

This retrospective study was conducted on 489
archived digital panoramic radiographs of Lebanese
adults (218 males and 271 females) taken initially for oral
and dental diagnostic purposes in the Oral Medicine and
Dentomaxillofacial Radiology Department of the Faculty
of Dental Medicine at the Lebanese University, Beirut,
Lebanon. The mean age of the population was 47.56 +
16.149 years.

According to the faculty regulations, all patients
always provide their informed consent during their initial
presentation for anonymous future use of their radiographs
for research aims; panoramic radiographs of patients who
refuse to consent are not included in the archive.

All images were acquired by the Carestream®
digital panoramic unit, with settings set between 60-90
kV and 6-10 mA; exposure time was 20 s.

Exclusion criteria comprised radiographs with
absence of information about patients’ age and gender,
bad quality and/or not showing the SP.

Data was evaluated by a maxillofacial radiologist
having more than 20 years of experience; images were
assessed on the same monitor over eight sessions spaced
by a 10-days period. To reduce the errors, 75 images were
randomly chosen and rechecked 15 days later.
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Table L. Type of elongated SP according to combined Langlais and modified MacDonald-Jankowski classifications.

Type 0 (Normal)
Type 1 (Elongated)

Non elongated SP; the tip of the process does not cross the mid portion of mandible body
Uninterrupted SP; the tip of the process cross the mid portion of mandibular body.

The SP is apparently joined to the mineralized stylomandibular or stylohyoid ligament by a single

Type 2 (Pseudo-segmented)
mandible.

Type 3 (Segmented) S —

pseudoarticulation, which is usually located superior to a level tangential to the inferior border of the

Two or more segments are seen, with interruptions either above or below the level of the inferior border

Figure 1. Radiographs showing different types of SP; a: Type 0; b: Type 1; c: Type 2; d: Type 3.

Styloid processes morphology was assessed
as per Langlais’ classification [28] and SP was considered
elongated when it extended below the mandibular
foramen, as defined by MacDonald-Jankowski [6]
(Table I) (Figure 1).

The relationships between elongated SP, gender,
age and location (right/left) were assessed. Data entry and
statistical analyses were conducted using IBM SPSS for
Windows, version 24 (IBM Corp., Armonk, N.Y., USA).
Descriptive statistics were performed, and Shapiro-Wilk
was used for normality assessment. Moreover, Kruskal-
Wallis test, Mann-Whitney test, post-hoc tests, chi-square
and Fisher’s exact tests, and regression models were done
to evaluate associations and compare results. Level of
significance was set at p=0.05.

Results

The 489 digital panoramic radiographs assessed
were divided into 218 and 271 males and females
respectively. Population age ranged between 18 and 86
years with a mean of 47.56 + 16.149 years.

In this population, prevalence of elongated SP was
76 cases (15.5%). Among these positive cases, mean age
was around 51 years + 16.2. Female patients were more
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commonly affected than males with 45 (59.2%) and 31
(40.8%) cases respectively (ratio male to female of 1:1.45)
(Table II), although this difference was not statistically
significant (p=0.138).

Moreover, there were no significant association
between gender and SP elongation (p = 0.531).

Among patients with elongated SP, females were
more likely to suffer from bilateral elongation (31 out of
48; 64.58%) compared with men (17 out of 48; 35.41%).
However, this difference was not statistically significant
(p=0.235).

In both males and females, SP elongation type 1
was more prevalent than other patterns on both right and
left sides. Furthermore, bilateral SP elongation (63.2%)
was more common than unilateral elongation (36.8%).
Additionally, the right side was slightly more affected
than left side.

As for the age, Mann-Whitney test showed a
significant association with SP elongation (p=0.030) with
the age range 45-64 years significantly more affected
(Chi-square test, p=0.000). On the contrary, there was no
association between age and elongation pattern (unilateral/
bilateral) (p=0.321).
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Table II. Summarized descriptive statistics of cases of styloid process elongation.

e e percontue |

18-24 years 10 13.2
25-34 years 2 2.6
35-44 years 7 9.2
Age group 45-54 years 22 28.9
55-64 years 22 28.9
65-74 years 10.5
>75 years 6.6
Female 45 59.2
Gender
Male 31 40.8
Non-elongated (only right side elongation) 18 23.7
Left Side Type 1 46 60.5
Type 2 58 53 76.3
Type 3 8 10.5
Not-elongated (only left side elongation) 10 13.2
Right Side Type 1 53 69.7
Type 2 2 66 2.6 868
Type 3 11 14.5
Unilateral/Bilateral Unilateral 28 36.8
Elongation Bilateral 48 63.2
Total Cases 76 100
Discussion - Tip of SP extended beneath the mandibular

The styloid complex includes the SP of the temporal
bone, the stylohyoid ligament and the lesser horn of the
hyoid bone; embryologically, it derives from the Reichert’s
cartilage described as a continuous cartilaginous structure
in the second pharyngeal arch [29,30].

Reichert’s cartilage’s ossification forms the SP and
the segment of this cartilage extending from the SP to the
lesser horn of the hyoid bone gives the stylohyoid ligament
[30,31].

Custodio et al.[1], Vadgaonkar et al. [2], Natsis et
al. [32], Sakaew et al. [33] evaluated SP elongation on dry
skulls in Brazilian, Indian, Greek and Thai populations,
respectively; other studies, such as that conducted by
Kursoglu et al. [4] on Turkish, More and Asrani [26] on
Indian, Shaik et al. [31] on Saudian and Al-Khateeb et al.
[34] on Jordanian populations were performed based on
panoramic radiographs.

Furthermore, some studies used more advanced
imaging technologies: Gozil et al. [35], Basekim et al. [36]
and Cullu et al. [37] used CT to evaluate SP elongation in
different samples of the Turkish population, while Andrei et
al. [38] and Oztung et al. [39] used CBCT in Romanian and
Turkish samples, respectively.

In all these studies, two techniques were proposed to
confirm elongated SP:

- SP measuring more than 30 mm in length
[1,3,10,29,31,33]
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foramen [5,6]; this was the technique we adopted in our
study.

In line with several authors, we avoided analyzing
lengths of prolonged SPs due to the huge variations
attributed to technical (panoramic radiography machine
differences and magnifications they provide, digital vs.
manual measurement, and arbitrary calibration) and
epidemiological (ethnic, genetic and racial variations)
reasons [5,40,41]. Therefore, we have sufficed to screen
for elongated vs. non-elongated processes (as determined
by MacDonald-Jankowski) [6], and we have compared
the types of such elongations according to Langlais
classification [28].

In our sample of Lebanese adults, 15.5% of the
cases presented elongated SP. Compared to the studies
utilizing the same classification, our prevalence supports
what was reported by Omami (17.2 % in a Libyan sample)
[5], but is higher than that of MacDonald-Jankowski’s
(8.6% in a sample of Hong Kong Chinese and 7.8% in an
English sample) [6].

As for SP morphology, our results showed that the
type 1 was the most retrieved; this finding corroborates
the ones of More and Asrani [26] in Indian samples, Shaik
et al. [31] in a Saudi sample, and Chabikuli and Noftke
[41] in a South African sample.

In our investigation, women were slightly more
affected, although no significant difference could be
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proven; this is similarly reported by Omami [5], Chabikuli
and Noffke [41] and Vieira et al. [42].

Our study also showed 28 out of 76 cases unilateral
elongated SP against 48 bilateral; this is consistent with
the ones of More and Asrani [26] and Vieira et al. [42], as
bilateral elongations constituted the majority.

Finally, despite being the first study to evaluate the
SP elongation in a Lebanese population, limitations of our
study include the limited measurement of the SP. Therefore,
in future studies, precise digital measurement software
with three dimensional imaging modalities may be used
to provide accurate details. Additionally, a larger sample
size may be warranted to confirm our findings. Thus,
exact conclusions must be delayed until future researches
validate our results.

Conclusions

To the best of our knowledge, this is the first study
in terms of investigation of the SP elongation in Lebanon.
This SP natural variation could be fortuitously noticed on
digital panoramic radiographs taken for diagnostic purposes
in everyday dental practice. Dentists should be aware
about this condition in order to avoid misinterpretation of
symptoms related to Eagle syndrome.
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