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Materials and Methods: The panoramic
images of 2,100 patients over 20 years of age at
Rangsit University, were studied. The configura-
tion and dimension of the styloid processes were
observed and measured by two observers. Demo-
graphic data, medical and dental history were also

retrospectively recorded. Chi square test was used
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for the statistic analysis.

Results: Elongated styloid processes were
observed in 278 individuals with 442 processes
(10.52%) and mostly found in the age group 20-
29 years and male patients were dominated. There
was no statistically significant between the gender
and age group. The length of the processes were
varied from 30.10 millimeters to 82.90 millimeters
(mean 37.20 millimeters). They displayed taper
shape 55.20%, rod 31.45% and irregular 13.35%.
Rarely cases were reported to have varieties of
clinical findings.

Conclusion: From our study, the elongated
styloid processes were found about 10% of the
population that mostly presented in young popu-
lation with male patients were dominated. They
displayed varieties of configuration and length.
Most of image findings were not related to clinical

findings and systemic conditions.

Keywords: elongated styloid process, panoramic

radiography, Eagle’s syndrome
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Introduction

Styloid process arises from the second brachial
cartilage (Reichert cartilage) which is divided into
four cartilaginous fragments."’-*) Upper portion
which develops into the styloid process, a central
portion from which the styloid ligament in derived;
a lower portion from which the lesser horn of the
hyoid bone originates finally a basic portion from
which part of the hyoid bone is formed.

The styloid process is a cylindrical, long car-
tilaginous bone, pointed bony process projecting
downwards, forwards, and slightly medially located
on the temporal bone and immediately in front of
the stylomastoid foramen.“” The tip of the process
is situated laterally from the pharyngeal wall and
immediately behind the tonsil fossa, and critically
between the internal and external carotid arteries.
Three muscles and two ligaments are attached to
the styloid process.”’ The stylohyoid ligament itself
extends from the tip of the styloid process to the
lesser cornu of the hyoid bone. The stylomandibular
ligament extended from the styloid process to the
angle of the mandible. The three muscles includes
the stylopharyngeous, stylohyoid and styloglossus.
The nerve supply come from the glossopha-
ryngeal, facial, and hypoglossal nerve, respec-
tively.®? Elongated styloid process is term defines a
styloid process that longer than normal from sympto-
matic elongation of the styloid process or minera-
lization (ossification or calcification) of the stylo-
hyoid ligament complete.”” The average length
ranges from 20-30 mm.'?) The styloid process length
which is longer than 30 mm is considered to be elon-
gated.'V) The styloid process elongation may cause
symptoms like dull aching pain localized in either or
both sides of the throat. The pain may be referred to
the ear or mastoid region of the affected side during

the face movement. It may cause pain on swallowing
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{(dysphagia) or an abnormal sensation of foreign
body in the pharynx. More uncommonly symptoms,
such as tinnitus or otalgia may occur like TMJ pain
and dysfunction. When these symptoms are pre-
sented it is call Eagle’s syndrome. It is assumed that
these signs and symptoms are due to compression of
styloid process on some neural and vascular struc-
tures. In rare cases it may cause stroke from the
compression of carotid arteries.

The elongated styloid process can be diagnosed
by both physical and radiographic examinations.
Panoramic radiography is the most common projec-
tion to detect an elongated styloid process.” Thus
precise knowledge about the anatomy of both normal
and abnormal styloid is important for clinicians,
surgeons, and radiologists. In order to be able to
detect diseases or abnormalities that are related to the
patient with elongated styloid process and to be able
to give proper treatment and enriching the patient’s
knowledge about their existing condition.

Furthermore, there are few studies of this im-
portant overlooked anatomical structure in Thailand.
Hence, the aim of this study was to find the preva-
lence of elongated styloid process on and the other
findings on panoramic radiographs. This finding
is important in raising awareness of the dentists to
recognize the abnormal length and morphology of
styloid process which related to the clinical findings.
In addition, the information from this study can also
be used to supplemental differential diagnose with

other diseases that have similar symptoms.

Materials and Methods

Digital panoramic radiographs of 2,100 pa-
tients with bilateral symmetry or unilateral of
styloid processes were selected by purposive sampling.
The clinical findings were collected retrospectively

from the files of the patients during 2005-2013 at the




31, viunans T 36 atudi 2 n.A.-5.0. 2558 60

Department of Radiology, Faculty of Dental Medi-
cine, Rangsit University. All data of the patients
included past medical history, dental history, extra-
oral and intraoral examination. The total panoramic
radiographs of the 2,100 patients with dental pro-
blems had originally been taken for routine exam-
ination and not for the elongation of styloid process.
All patients had the radiographic examination with
panoramic radiography in the same machine through
out the study (Planmeca Oy, 0080 Helsinki, Finland).

The study was conducted according to the
Human Ethics Guidelines approved by the insti-
tution, following which only those subjects were
included for whom clinical examination and pano-
ramic radiographs were prescribed as a part of a
diagnostic work up.

Two of dental students evaluated the styloid
processes that supervised by one experienced oral
radiologist from panoramic radiographs via the com-
puter monitor with the help of the measuring tools
on the accompanying software (Romexis software
version 2.4 R on Windows operating system). The
dental students were informed to measure the length
of the styloid processes two times in a period of one
month and record the length in consensus. All data
of the patients recorded including configuration,
length and associated ﬁnﬁings and fulfilled in the
protocol. The calibration among the three viewers to
view the images was made prior to the study by using
standard reference radiographs. The dental students
were informed to review the anatomical structures of
the styloid process and the right position of styloid
process in digital panoramic radiographs. The type
of diseases and defects related to elongated styloid
process were also reviewed and studied.

The criteria to determine the length of styloid
process of over 30'mm. will be considered as elon-
gated styloid process which measured the distance

from the point where the styloid process left the
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tympanic plate to the tip of the process, regardless
of whether or not the styloid process is segmented.
The digital measurement of all styloid processes
were conducted, discussed and reevaluated by two
observers throughout the study. The configuration of
the styloid process was also observed and types of
the configuration are classified and adapted accord-
ing to Langlais, et al 1995.12) Data are presented as
mean and standard deviation (SD) or as a percent-
age for categorical variables. The statistic analyses
were performed using SPSS v.15.0 software (SPSS,
Chicago, IL) and Chi-square test.

Characteristic of an elongated styloid process-
es were divided into two groups according to the
calcification/ossification originated as either from
the temporal bone or from hyoid bone with homo-
geneous radiopaque shadow was classified as conti-
nuous calcification/ossification whereas radiopacity

shadow appeared in some part of stylohyoid ligament

was classified as partially calcificataion/ossification
(Figure 1A-1B).

Figure 1 Pattern of eioﬁgated styloid process found
in this study. Continuous calcification or
ossification (A) and partially calcification/
ossification (B)
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Results

Panoramic radiographs of all 2,100 Thai patients
with1405 male and 695 female patients including
age groups are summarized in Table 1. The youngest
patient was 20 and the oldest was 87 years old. The
mean age of the patients was 42 (20-76) in male and
39 (20-87) in female. The largest group in this study
was 20-29 years of age, followed by 40-49 and 50-59
years of age respectively. The findings of elongated
of the styloid processes from panoramic images were
found totally 442 sides (10.52%) from the overall
study 0f 4,200 sides of the selected patients. The pa-
tients with age group of 20-29 are the most frequent
findings (4.30%) and male patients were dominated
compared to those the female patients and all data
is presented in Table 2. There was no statistic sig-
nificant between gender and age group with the Chi
Square Test (p>0.05).
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The number of 278 individuals having elongat-
ed styloid process with bilateral were found in 164
patients (59.00%) and unilateral were found in 114
patients (41.00 %) respectively. The findings of bilat-
eral elongated styloid processes were found in male
98 patients, unilateral right in 32 and unilateral left in
32 with totally of 163 patients (58.63%). The female
patients were found with the number of bilateral
findings in 66 , unilateral right in 21 and unilateral
left in 29 with totally of 115 patients (41.37%).

The length of the styloid processes appeared
related to the age groups and gender are presented
in Table 3.The length of styloid processes between
30-34 millimeters are the most frequent findings
followed by the length between 35-39 millimeters.
The shortest one was 30.10 millimeters and the
longest one was 82.90 millimeters with the mean

length of 37.20 millimeters (Figure 2).

Table 1 Number of patients related to age group and gender (N=2100)

<l s 2y P ' s b P
MIWN 1 T INHLIENTUUARIUIAGUETURZIWATBIE LI A (N=2100)

Gender Age group Total
20-29 30-39 40-49 50-59 60-69 70-79 =80
Male 635 144 235 201 134 45 11 1405 (66.89%)
Female 282 77 110 112 84 22 8 695 (33.11%)
Total 917 221 345 313 218 67 19 2100 (100%)

Table 2 Number of elongated styloid processes
Jound on panoramic images (N=4200)

307 2 FURTUEATTININANETIAAAFYEYN 7ZAA
alaoesimulunmssdsnssani (N=4200)

Age Gender

group Male Female Tl
20-29 93 (2.20%) 88 (2.10%) 181 (4.30%)
30-39 33 (0.78%) 13 (0.30%) 46 (1.08%)
40-49 54 (1.29%) 25 (0.60%) 79 (1.89%)
50-59 45 (1.07%) 37 (0.88%) 72 (1.95%)
60-69 20 (0.48%) 12 (0.30%) 32 (0.78%)
70-79 14 (0.33%) 6 (0.14%) 20 (0.47%)
> 80 2 (0.05%) 0(0.00%) 2 (0.05%)
Total 261 (6.20%) 181 (4.32%) | 442 (10.52%)

The characters of an elongated styloid processes
were also observed as continuously form were found
in 381sites (86.20%) and partially were found in 61
sites (13.80%). The configuration as taper configu-
ration were the most frequent findings found in
244 sites (55.20%) followed by rod shape in 139
(31.45%) and irregular shape in 59 sites (13.35% )
respectively (Figure 3A-3C).
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Table 3 Length of styloid processes of both genders found on panoramic images (N=442)
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w59 3 SnauanuemAauniveonszpadlaseesinylugUamioaeond (N=442)

Gender
Male Female Fifal
Length (mm.) Right Left Right Left

30-34 65 66 31 41 203 (46.00%)
35-39 41 40 27 23 131 (29.60%)
40-44 17 15 10 16 58 (13.10%)
45-49 5 6 7 4 22 (5.00%)
50-54 - 5 1 2 8 (1.80%)
55-59 1 4 1 3 9 (2.00)

= 60 4 1 5 1 11 (2.50%)
";ola] 133 (30.10%) 137 (30.99%) 82 (18.55%) 90 (20.36%) 442 (100%)

Figure 2 The length of bilateral elongated styloid

processes presented on both sides of the

image measured on the right with 79.00

mm. and 82.90mm. on the lefi side.

5 - o ot o P Y sz
diheedzduiialuiioyalagn 79.00

Jafns uaz Twteinls 82.90 dafuns

nszgaslnasedenfiainfimusioaadil

Figure 3 Three characters of elongated styloid pro-

cesses detected on panoramic images, laper

(4) rod (B) and irregular shape (C).
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Tuble 4 Clinical findings of patients with elongated styloid processes (N=278)
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) Clinical findings
Age group Hypertension Hypotension Headache Cardiac Disease Total

20-29 - - 1 - 1
30-39 - - - - -
40-49 4 - 2 - 6
50-59 & 1 1 2 12
60-69 6 - - 1 7
70-79 4 - 3 2 9

=80 - - - - -
Total 22 1 7 5 35 (12.60%)
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Retrospective Clinical signs and symptoms of
the patients associated with the image findings of
elongated styloid processes were recorded as hyper-
tension were found in 22 patients followed by heart
diseases in 5, head and neck migraine in 7, and hypo-
tension is found only 1 patient. Number and type of
the clinical findings appeared in overall 35 patients

are shown in Table 4.

Discussion

Elongated styloid process is a term used since
the publication by Eagle in reports concerning find-
ings in both dentomaxillofacial and ear-nose-throat
patients. This term denotes a styloid process ex-
ceeding its normal length. Eagle’s definition was
the normal styloid process measures between 25 to
30 millimeters. His method of measurement was not
described, but his examples showed lateral radio-
graphs of the skulls.!'* Today’s reports concerning
the styloid process of its length are mostly based
on panoramic radiographs. However, the geometry
does not correspond to that Eagle’s method yet the
values given in these studies relating to anatomy,
clinical epidemiology or anthropology for normal
and elongated styloid processes are similar to those
proposed by Eagle. From the previous studies have
shown that the elongated styloid processes were
considered to be present when the measurement of
30 millimeters or more!”"'*1*18) and some study
had a report of measurement of 40 millimeters or
more ('

In our study, the findings of elongated of the
styloid process was only 13.80 % and mostly pre-
sented in the age group of 20-29 that relatively
similar to some studies!"” and quite different from
than those previous studies.®**?! Also in this study,
it was observed that there was an increase in the

length of the styloid process in the patients with the
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age group of 20-29 years. These findings were not in
consistent with studies conducted by various authors
indicated that the increase of the length of styloid
process with an increase in the age.**? The differ-
ent findings may be due to several factors, such as
dissimilarities in the sampling criteria, variations in
image interpretation and diagnostic criteria and influ-
ence of the differences geographical areas including
lifestyles, nutrition, habits and races. Our study was
carried out in the university campus which most sub-
jects were university students, staff and employee in-
cluded for whom clinical examination and panoramic
radiographs were prescribed as a part of a diagnostic
routine check up. So the main groups were the young
to middle age patients. There was also something to
be concerned about using panoramic machine. Ac-
curate determination using two-dimensional radio-
graphic procedures can be difficult due to projection
geometry considerations and patient positioning.
Panoramic radiography may distort the dimensions
of styloid process and magnification of the radio-
graphic image may vary with the angulations of the
process itself.*®) Therefore, a simple measurement
in millimeters is not a suitable criterion due to the
radiologic factors involved. Taking this factor into
consideration, to determine the length of styloid
process, ruler measurement was not chosen.®

The elongation of the styloid processes in the
radiographs was determined according to the method
proposed by Ferrario et al.** However, the reliability
of the measurement from panoramic radiographs
can be concluded that there was some more mag-
nification in the horizontal aspect than the vertical
aspect.?¥ Naturally the styloid process lines medial
angulations and superimposition of other skeletal
structures, some errors may occur when measuring
the length of the styloid.

Our study showed that for elongated styloid pro-
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cess, 58.63 % of cases were bilateral and 41.37% of
cases were unilateral, which was different from the
previous findings in which a bilateral elongation in
75% and a unilateral elongation in 25% of cases were
1‘ep0rted.(5’19) However the presented of bilateral or
unilateral elongated styloid processes are not the
important role to develop the various clinical signs
or symptoms. In our study, no statistically significant
difference was observed between genders in the uni-
lateral or bilateral elongation of the styloid process.
This was in agreement with the reports of previous

studies.®2>29 The hypothesis from some study sug-
gested that elongation of the styloid process had no
effect on mandibular protrusive movements®, which
was similar to the findings of some study.

The average length of the styloid process in our
study is 37.20 millimeters that quite similar to the
previous studies™'"'® and some what longer than
the other study in Thailand that report of average
measurement of 34.45 millimeters.!'®) In contrary,
the average length in our study was shorter than
some 1'ep0rt.(10) In addition, our study found that
most of the calcification of the styloid ligament from
our study begin and run downward from the base of
the skull with some cases begin at the lesser horn or
lesser canu of the hyoid bone and in fewer still in the
central area of the ligament.

Furthermore, our study also found that the
degree of mineralization continuously originated
from the styloid process along the stylohyoid liga-
ment so called taper and rod shapes were found in
86.10% and partially mineralization in either in the
central or from the lesser canu of hyoid bone were
found only 13.80.%. This finding quite different from
the other study that reported Type I with “partially
mineralized” sty'loid process was observed more
frequently in the population studied.®) There was

no exactly explanation about the degree and site of
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the mineralization happened on the styloid process,
ligament or the lesser canu.

The length of an elongated styloid process is
not the criteria for the development of the signs or
symptoms of styloid process syndrome. An aware-
ness of clinical and radiologic presentation of styloid
process elongation is important to all health practi-
tioners involved in the diagnosis and treatment of
head and neck pain. Apart from the Eagle syndrome,
other clinical manifestations that may result from
calcified styloid process are glossopharyngeal neu-
ralgia, carotidynia, pulsatile tinnitus, dysphonia, and
globus pharyngeus. The pathophysiology behind the
pain due to an elongated styloid process was found
to be compression of the neural elements such as
the glossopharyngeal nerve, lower branch of the
trigeminal nerve, and/or the chorda tympani, by the
elongated styloid process. The compression further
leads to proliferation of granulation tissue that causes
continuous pressure on surrounding structures and
results in pain,?”

From our study, we found that the elongated
styloid processes were not related to the clinical
signs and symptoms of the patients as they did not
developed head and neck pain or the tenderness. The
clinical findings as hypertension were found with a
small number of the population in only 22 cases that
most presented in the patients over 40 years of both
genders. So we suggested that an elongation of the
styloid process may not be the important criteria to
make the decision of Eagle or stylohyoid syndrome.
There was a report in the previous study to indicate
the significant relationship between the length of
styloid process and high blood pressure.®® This
condition can be due to the anatomy of the area, for
example, compression of the external carotid artery

of symptomatic patients was viewed on angio graphic

images.®” In addition, Oztas etal 201209 reported
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that there was a significant relation between systemic
disorders (e.g., hypertension, heart disease) and sty-
loid ligament calcification. However, in a study by
Okabe et al 20065V reported that there was no sig-
nificant correlation between blood pressure and the
elongation of the styloid process. The same study
also reported that there was no significant correla-
tion between the frequency of the heartbeat and the
elongation of the styloid process which agrees with
the findings. Since the muscle tension from occlusal
disarrangements and changes in bone height in par-
tial or complete edentulous patients can be a proba-
ble factor in the incidence of elongated styloid pro-
cess, ') the association between the number of teeth
present in the mouth and the elongation of the styloid
process was studied, but no significant correlation
was found between the two, which was consistent
with the study conducted by Okabe et al 2006.4"

Conclusion

From our study, the elongated styloid processes
were found about 10% of the panoramic images that
mostly presented in young population with male
patients were dominated. They displayed varieties
of configuration length and degree of mineralization.
Most of image findings were not related to clinical
findings and systemic conditions excepted for some
patients with signs and symptoms of systemic con-
dition. Even there were small numbers of patients
of elongated styloid processes related to the sys-
temic conditions, this finding is important in raising
awareness of the dentists to recognize in clinical
practice. Therefore, further studies and large samples
are also needed to clarify the etiology of this defect.
Panoramic radiography is useful for detection of
an elongated styloid process and /or ossification of
stylohyoid ligaments in patients with or without clin-

ical signs and symptoms.
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