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Abstract

The aim of this study was to evaluate the styloid process and its anatomical variations on the orthopantomographs (OPG) of pa-
tients who do not have symptoms of Eagle’s syndrome. The styloid process arises from the temporal bone. The normal length of
the styloid ranges between 20 to 30 mm. Any elongations beyond the normal range is considered as an elongated styloid process.
Three muscles originate from the styloid process, the styloglossus, stylohyoid, and stylopharyngeus. This study was carried in a ran-
dom sample of 100 patients (50 males and 50 females), who were divided into two age groups, 10-40 years of age and 41-70 years
of age. The orthopantomographs used for the assessment of the styloid process was obtained by reviewing the case sheets of the
patients visiting the hospital. The data was collected and tabulated in the excel sheets, and was transferred to the SPSS software for
statistical analysis. From the present study, it was evident that the normal type of styloid process was observed on both sides.(right
side- 40% and left side 38%0). The most common type of calcification of styloid processes found in the right and left sides were
the partially calcified type. (Right-48% and left-57%). Partially calcified type of styloid process was commonly observed in both
age groups. (10-40 years :30%, 41-70 years:18% on the right side and 10-40 years:32%, 41-70 years: 25%).
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Introduction pain to the ear; and to the Mastoid region of the affected site.
Dysphagia is uncommon yet one of the main symptoms in pa-
tients with Eagle’s syndrome [4]. In normal circumstances the sty-
loid process is generally composed of embryonic cartilage which

can serve as a potential for its ossification [5].

The styloid process is derived from the Reichert’s cartilage of the
second branchial arch. It is a cylindrical bony projection, The not-
mal length of the styloid process ranges from 20 to 30 mm. Any
lengthening of the styloid process over 30 mm is considered as

an elongated styloid process (ESP) [1]. The apex of the styloid
process it’s in close relation to the internal and External carotid
arteries, the facial nerve runs anteriorly and medially to the styloid
process [2]. Elongation and morphological changes of the styloid
process is commonly an Anatomical alteration or a change devel-
oped with age. The word styloid is derived from the Greek word
‘stylos’, Meaning for a pillar. In about 4% of the population with
elongated styloid process, there is a chance for the occurrence of
eagle's syndrome [3]. Eagle’s syndrome can be characterised by
dull, aching pain localised in the throat, with or without a referred
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Even though the elongation and mineralisation of the styloid pro-
cess can be viewed and assessed on the OPGs, There are chances
for distortions and inconsistencies as orthopantamographs are
primarily obtained for the Visualisation of the teeth and the as-
sociated structures. The inconsistencies and distortions are mainly
because the styloid process lies outside the focal trough of the
OPGs [6]. Oftentimes radiographic features are never adequate
for diagnosing a condition or a syndrome. The classification for
the anatomical variations of the styloid process was proposed by
Lang Lais et al, It can be broadly divided into two; which is, type
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of clongation and pattern of mineralisation or calcification. The
type of elongation can be further divided into normal type, elon-
gated, pseudoclongated and segmented. The pattern of calcifica-
tion Of the styloid process can be divided into partially calcified,
nodular complex, calcified outline, completely calcified [7]. As-
sessment of parameters such as length of styloid process along
with circumferences of ulnar notches, radial neck, radial tuberos-
ity has been proved effective for orthopaedic surgeons for making
prosthesis of the radial head and distal end of the radius in cases
of trauma or in cases of tumour in those regions and also for the
reconstruction of the bicipital tendon |[8].

There have been reports to show that pain due to an elongated
styloid process presenting in the nasopharyngeal carcinoma [9-
11]. There have also been scenarios where the pain of an elon-
gated styloid process was considered to be a pain due to burn-
ing mouth syndrome or neurologic problem, and prescription of
needless drugs [12, 13].

The aim of the study is to perform qualitative analysis of the sty-
loid process from the OPGs of patients who do not have symp-
toms of Eagle’s syndrome in terms of type of clongation and
calcification.

Materials and Methods

This was a university-based study. This was a unicentred retro-
spective study. The ethical board clearance was obtained from
their institutional ethics committee (Ethical approval number:
SDC/SIHEC/2020/DIASDATA/0619-0320). The data (OPGs)
was obtained by reviewing 86,000 case sheets of patients report-
ing to Saveetha Dental College and hospitals from June 2019 to
March 2020.

Sampling

In this study, a simple random sampling method was used. The
study consisted of 100 patients, of which 50 were male patients
and 50 female patients. They were categorised into two based on
age, 10 to 40 years of age and 41 to 70 years. The external valid-
ity of the study was good as this was carried out in a clinical set
up and the results obtained can be generalisable in a population
belonging to the same ethnicity.

Data collection

The OPGs required were collected by reviewing the case sheets
of the 100 patients. The length of the styloid process was assessed
objectively, a styloid is considered elongated when the process ex-
tends beyond the ramus of the mandible. If the styloid process
is joined to the mineralised stylomandibular or stylohyoid liga-
ment by a single pseudo elongation it’s considered to be pseudo
elongated. The styloid process was considered as the segmented
type if it consisted of continuous long or short non continuous
portions or interrupted segments. For the assessment of calcified
outline type of mineralisation of the styloid process the presence
of a reminiscence of a long bone with a thin radiographic cortex
and a central radiolucency that constituted most of the process
was required. The styloid process was considered as the partially
calcified type if there was a thicker radiopaque outline, with al-
most complete opacification and with an occasional discontinu-
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ous radiolucent core. The modular complex type of styloid pro-
cess was assessed by the presence of scalloped outline with or
without complete or partial calcification and varying degrees of
central radiolucency. If the styloid process was completely opaque
with no inner radiolucent core then it was considered to be a com-
pletely calcified type of mineralisation. Visual assessment of the
type of calcification of the style process was done, along with the
type of elongation. OPGs with incomplete styloid processes, and
distorted images were omitted. The data obtained was tabulated
in excel sheet, and was transferred to SPSS software by IBM, in
which the variables were defined. The variables recorded were
age, gender, type of elongation, type of mineralisation.

Statistical analysis

The values and variables were tabulated and analysed using the
SPSS software by IBM. Chi-square tests were done to assess the
correlation and association. p value of less than 0.05 was con-
sidered as statistically significant. The independent variables were
age, gender. while the dependent variable is where the type of
elongation, type of calcification on the right and left sides.

Results and Discussion

On the right side the types of elongation observed were 35
(35%) of the styloid process were elongated, 19 (19%) pseudo
elongated, 6 (6%) segmented and the rest 40 (40%) were normal.
35(35%) of the styloid process were clongated, 24 (24%) pseudo
elongated, 3 (3%) segmented and 38 (38%) normal on the left
side. On the right side the incidence patterns of mineralisation
observed were 48 ( 48%) of styloid process were partially calci-
fied, 21 (21%) calcified outline, 15 (15%) completely calcified, 16
(16%) nodular complexes. 55 (55%)of the styloid processes were
partially calcified. 19 (19%) calcified outline, 18 (18%) completely
calcified, 6 (6%) nodular complex on the left side. The elongation
of the right styloid process was 21 (21%) in number and was com-
monly seen in the 41-70 years of age group. The segmented type
had equal incidence in both age groups on the right side 3 (3%).
Pseudo clongated type was slightly higher in the 41-70 age group
10(10%) than the 10-40 age group 9 (9%). On the left side seg-
mented type of styloid process was only found 3 (3%) in the 10-
40 years age group. The elongation of the left styloid process was
21 (21%)in number and was commonly seen in the 41-70 years of
age group. Pseudo elongated type of left styloid process had com-
mon incidence in both age groups 12 (12%). On the right side,
Completely calcified styloid process was commonly seen in 41-70
years of age on the right side 8 (8%). Partially calcified had the
highest incidence of 30 (30%) in the 10-40 age group. Completely
calcified styloid process was commonly seen in 10-40 years of age
on the right side 12 (12%) and Partially calcified had the highest
incidence of 32 (32%) in 10-40 years of age on the left side.

The styloid process is in close proximity to the vital structures of
the face and the neck. Such as the facial nerve, the glossopharyn-
geal nerve, the internal and the external carotid arteries and the
internal jugular vein, due to which it has gained importance in the
healthcare system [14]. The aetiology of the elongation and the
morphological changes of the styloid process is still unproven,
nevertheless there are many suggested hypotheses namely, the
elongation may be a result of ossification of the stylohyoid liga-
ment of the styloid process itself. Other hypotheses and theories
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Graph 1. This graph represents the count of type of elongation present on the right side. X axis gives the type of elongation
and the Y axis represents the number of patients with different types of elongation. 35 patients (35%) had elongated styloid
process in the right side, 19 patients (19%) had pseudo elongated type of styloid process, 6 patients (6%) had segmented
type of styloid process and 40 patients (40%) had normal type of styloid processes in the right side.
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Graph 2. This graph represents the count of the type of elongation present on the left side. The X axis represents the type
of elongation of the styloid process on the left side, and the Y axis represents the number of patient with different types of
elongation. 35 patients (35%) had elongated styloid process in the left side, 24 patients (24%) had pseudo elongated type
of styloid process, 3 patients (3%) of the patients had segmented type of styloid process and 38 patients (38%) had normal
type of styloid processes in the left side.
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Graph 3. This graph represents the count of the type of mineralisation present on the right side. The X axis represents the

type of mineralisation of the styloid process on the right side, and the Y axis represents the number of patients with differ-

ent patterns of mineralisation. 48 patients (48%) had partially calcified type of styloid process. 21 patients (21%) had calci-

fied outline type of mineralisation of the styloid process. 15 patients (15%) had completely calcified type of styloid process,
and 16 patients (16%) had nodular complex type of mineralisation in their right styloid process.
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include reactive hyperplasia, anatomic variance, ageing develop- Male and female subjects [17]. There were significant differences
mental anomalies, degenerative process, and genetic hypothesis between the sizes, elongation and also angulations among gen-
[15]. Though the styloid process can be viewed and assessed on der. In the research done by Kodhuri Sridevi et al, The female
the panoramic radiographs, there are chances for distortions, as subjects had higher incidences of elongated styloid process com-
OPGs are not obtained for the purpose of assessment of the pated to the male population. The prevalence of calcified outline
styloid process. type of mineralisation of the styloid process was more commonly

prevalent in the male population compared to the female study
Previous studies done by G. Roopashri et al, Elongated styloid population [18]. In M B Bagga et al, study conducted among the

process was seen in 107 patients out of 300, aged between 10- male and female population of Madhura, in North India. The in-
70 years of age , it was concluded that the female patients had cidence of elongation was 52% which was the highest among the
higher incidence of styloid elongation than the male patients, and incidence as of all previous studies in Indian population [19]. An-
the left styloid was more commonly elongated than the right sty- other asymptomatic elongation of the styloid process was found
loid process [106]. In the study done by O. Onbas et al, in Turkey, in the Turkey population by Ilguy et al, which was 80.8% [20].
there were no significant differences in the styloid process, among In the study by Vieira et al, it was observed that the incidence
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Graph 4. This graph represents the count of the type of mineralisation present on the left side. The X axis represents the
type of mineralisation of the styloid process on the left side, and the Y axis represents the number of patients with different
patterns of mineralisation. 55 patients (55%) had partially calcified type of styloid process. 19 patients (19%) had calcified
outline type of mineralisation of the styloid process, 18 patients (18%) had completely calcified type of styloid process and
6 patients (6%) had nodular complex type of mineralisation in their left styloid process.
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Graph 5. This bar graph compares the association of elongation of the right side styloid process across different age groups. The X axis
represents the types of elongation while the y axis represents the number of patients with different types of elongation. The 41-70 years
age group (green colour) has a higher incidence of elongated styloid process compared to the 10-40 years age group (blue colour) and
this difference is statistically significant. (Chi-square test, p value: 0.008 p(<0.05, proving statistically significant association)) implying an
association between the type of elongation and the age group.
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Graph 6. This bar graph compares the association of elongation of the left side styloid process across different age groups.
The X axis represents the types of elongation while the Y axis represents the number of patients with different types of
elongation. The 41-70 years age group (green colour) has a higher incidence of elongated styloid process compared to the
10-40 years age group (blue colour) and this difference is statistically significant. (Chi-square test, p value: 0.011 p(<0.05,
proving statistically significant association)) implying an association between the type of elongation and the age group.

e Age

» Qe
W10t 40

Baite70

No.Of Patients with different types of elongation

T
looo|

Normal Elongated  Pseduoelongated  Segmented

Type of Elongation - Left

Graph 7. This bar graph compares the association of pattern of mineralisation of the right side styloid process across dif-

ferent age groups. The X axis represents the patterns of mineralisation while the Y axis represents the number of patients

with different patterns of mineralisation. The 10-40 years age group (blue colour) has a higher incidence of partially calci-

fied right styloid process compared to the 41-70 years age group (green colour), however this difference is not statistically

significant. (Chi-square test, p value: 0.210 (p>0.05 which is statistically not significant)) implying no association between
the pattern of mineralisation and the age group.
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Graph 8. This bar graph compares the association of pattern of mineralisation of the left side styloid process across dif-
ferent age groups. The X axis represents the patterns of mineralisation while the Y axis represents the number of patients
with different patterns of mineralisation. The 10-40 years age group (blue colour) has a higher incidence of partially calci-

fied left styloid process compared to the 41-70 years age group (green colour), however this difference is not statistically
significant. (Chi-square test, p value: 0.556 (p>0.05 which is statistically not significant)) implying no association between

the pattern of mineralisation and the age group.
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of elongation of the styloid process was 43.89% in the Brazilian
population [21]. In the study by Hettiarcachichi et al, which was
conducted in the Sti Lankan population, the incidence of styloid
process elongation was found to be present in 59.5% in the study
population [22]. In a study done by R. Sudhakar reddy et al, in
Andhra Pradesh, south India.The most common type of miner-
alisation of the styloid process was the completely calcified type,
the incidence of completely calcified type of styloid process was
58% in the study population [23]. In a study by Roghith Kannan
et al, in dry skulls of south India, the length of the styloid process
in the right side was 9.3 mm and 8.9mm in the right and left sides
respectively [24]. In the study by N. Akash et al, on South Indian
dry skulls, the incidence of elongated styloid process was 4% [25].
In a study by Divyadharshini et al, the mean length of right and
left styloid process in males 3.34 cm and 2.95 cm respectively.
In females, the mean length 3.35 cm and 3.05 cm on the right
and left sides respectively. The length of the styloid process was
longer on the right side when compared to the left side [20]. In
accordance with the present study, the elongation of the styloid
process on the right and left sides were 35%. The incidence of
the partially calcified type of calcification of the styloid process
was the most common 46% on the right side and 57% on the left
side. The variations in the results obtained between the present
and previous studies could have been caused because of differ-
ences in ethnicity and different geographical regions of the study
populations and the size of the study sample.

The problems associated with an elongated styloid process is
mainly pain which may be accentuated by a poor oral hygiene [27,
28]. The diagnosis of this condition clinically remains a challenge
as the pain may be mistaken due to other irrelevant conditions
[29, 30]. The management from the medical standpoint just con-
sists of administration of pain relieving medications. There have
been several studies in the past which have mentioned corticos-
teroids for the management of the pain due to elongated styloid
process. But they do not carry any therapeutic value other than
reducing the inflammation in the tissues [31, 32].

The limitations of the present study was that it has been geo-
graphically restricted to a single population, and the data samples
belong to the patients of same or similar ethnic origins. The pa-
tients data used for this present study belongs to a single uni-
versity. Other limitations were, unlike the previous studies the
sample size was limited, due to distorted and obscure OPGs.
However the main limitations of the present study was that there

were chances of error in the manual interpretation of the styloid
process using the OPGs, as the evaluation of the styloid process
using the OPGs can be subjected to errors. However there have
been several case based studies [33, 34| and original studies done
in this database [35, 30].

The limitations of the present study can be overcome by selecting
a larger study population, and by using different and better ra-
diographic methods for the morphometric analysis of the styloid
process. In the future, this can be avoided by the usage of better
radiographic methods or other types of radiographs such as lat-
eral cephalograms, computed tomography, CBCT etc.

Conclusion

Within the limits of this study it can be concluded that most sty-
loid processes were of the normal dimensions and those styloid
processes which were elongated were partially calcified types in
the age group of 10-40 years. This study can prove clinically rel-
evant as assessment of different types of elongation and different
types of calcification of the styloid process may help in the diag-
nosis of atypical orofacial pain.
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