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Is there a relationship between symptoms of patients
and tomographic characteristics of styloid process?
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Abstract

Objectives To investigate the angulations and length of
the styloid process (SP) on three-dimensional computed
tomography (3D-CT) images between the patients having
elongated SP complaints and those without any stylalgia
symptoms.

Patients and methods One hundred patients underwent
3D-CT evaluation of the bilateral temporomandibular joints
to investigate for symptomatic elongated styloid process
(ESP) at our institution. The differences between the mean
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angulations and lengths of the SP and comparisons between
patient and control groups were analyzed by student 7 test.
Results In study group, mean length of styloid processes
was 40.7 = 10.8 mm on the right and 40.3 £+ 10.9 mm
on the left. Mean medial angles of SP were measured as
22.60 £ 4.0 on the right side and 22.60 & 4.5 on the left
side. In the same group, mean anterior angles of SP were
16.10 £ 6.9 on the right and 16.70 & 7.1 on the left side.
The “in-group” comparisons of lengths, medial and ante-
rior angles did not produce statistically significant results.
The comparison of medial angulations between the symp-
tomatic and asymptomatic patients was the only statisti-
cally meaningful result in our study.

Conclusion 3D-CT has several advantages according
to conventional tomography for visualization of head and
neck anatomy. The increase of medial angulation of SP
may be responsible for the development of complaints in
ESP.

Keywords Angulation - Imaging - Styloid process -
Stylalgia - Tomography

Introduction

Styloid process (SP) is derived from the Greek word ‘Sty-
los’ meaning a pillar. The structure is a long, cylindrical
cartilaginous bone located on the inferior aspect of tem-
poral bone, posterior to the mastoid apex, antero-medial
to the stylomastoid foramen and lateral to the jugular fora-
men and carotid canal [1, 8]. Medial to the SP is internal
jugular vein along with 7th, 9th, 10th, 11th and 12th cranial
nerves [13]. The tip of styloid process is close to the exter-
nal carotid artery laterally, while medially, it is in close
proximity to the internal carotid artery and accompanying
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sympathetic chain [4, 13]. The stylohyoid complex (SHC)
consists of the SP and the stylohyoid ligament. Although
the reason for its variable development characteristics is not
clear, elongation of the SP is currently recognized as one of
the leading causes of pain in the craniocervical region.

The Eagle’s syndrome is characterized by a series of
symptoms believed to be due to an elongated styloid pro-
cess and/or ossification of part or the entire stylohyoid liga-
ment. Eagle in 1937 was the first author to define stylalgia
as an autonomous entity related to abnormal length of the
styloid process or stylohyoid ligament [6].

The ossified SHC can be determined through the palpa-
tion of the SP in the tonsillar fossa and induction of pain
during pressure to this level [13]. Plain radiography of the
neck, panoramic radiography and computed tomography of
temporal bone are imaging modalities to identify elongated
SP. Superposition of different structures and asymmetrical
visualization of the head are major disadvantages of plain
radiographs. Computed tomography (CT) is the imaging
method of choice for the evaluation of the SHC anatomy.
Especially, three-dimensional computed tomography (3D-
CT) has several advantages according to conventional CT
for visualization of head and neck anatomy [5]. Today,
3D-CT evaluation of SHC is accepted to be best method to
investigate the size and morphology of the SHC [3, 7].

The purpose of this study was to measure and com-
pare the angulations and length of the styloid processes on
3D-CT images between symptomatic and asymptomatic
patients.

Materials and methods

Between December 2011 and August 2012, 200 styloid
processes in 100 patients whose age ranged from 21 to
63 years (mean 40.15 + 13.7 years) underwent CT imag-
ing of the styloid process for complaints such as otalgia,
odynophagia, tickling sensation in the throat and pain in
the face were included to the study. After length of SP was
measured on CT, the patients and controls whose SP had
>30 mm were included in study.

All the patients underwent multislice computed tomog-
raphy (MSCT) imaging of the bilateral temporomandibu-
lar joint that was to appear on the styloid process. Those
patients with a history of general arthritis or other connec-
tive tissue diseases, having systemic infections, and those
being treated with immunosuppressive drugs and stylohy-
oid ligament calcification were excluded from the study.

The control group was comprised of 100 patients (55
women, 45 men), age ranged from 18 to 60 years (mean
40.89 £ 12.9 years), who underwent computerized tomo-
graphic evaluation of paranasal sinuses, temporomandibu-
lar joints and cervical vertebraes for various reasons such
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as sinusitis, minor trauma. None of them had characteristic
symptoms of the elongated styloid process (ESP).

All patients were informed and provided written consent
according to the principles presented in the Declaration of
Helsinki. The study was approved by the Ethics Committee
of Bozok University Medical Faculty.

The images were acquired with a 64 slice CT (Philips
Medical System, Brillance 64, Best, The Netherlands) in
the supine position. After lateral scanogram examinations
consisted of 120 kV, 110 mA and 0.625 mm thickness and
images with bone algorithms. Axial images were obtained
for the ESP and were constituted reformatted three-dimen-
sional CT images. SP was evaluated on axial, coronal and
sagittal planes. The length, medial and anterior angula-
tions of each ESP and control group were measured on
both sides. The length of an SP was measured between the
attachment point of the temporal bone and tip of the SP on

Fig. 2 Medial angulation of the SP (asterisk) on coronal 3D-CT
images
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coronal reformat images (Fig. 1). A vertical line was passed
from of the midline of odontoid process and another verti-
cal line was passed from end point of the SP on coronal
images. Then, the angle between two lines was measured
as medial angle (Fig. 2). A vertical line was passed from
the cranial base of the process, and then a horizontal line
was drawn between 90° perpendicular to this line and end

Fig. 3 Anterior angulation of the SP (asterisk) on sagittal 3D-CT
images

Fig. 4 Coronal MIP image

(a) showed that the tip of SP

is close to the internal carotid
artery (arrow) in symptomatic
patient who had medial angula-
tion of SP. Coronal MIP image
(b) showed no proximity to the
pharyngeal wall and internal
carotid artery (arrow) of the SP
in asymptomatic patient who
did not had medial angulation
of SP

Fig. 5 Axial (a) and sagittal-
oblique (b) MIP images showed
that the tip of SP is close prox-
imity to the pharyngeal wall
(arrow) in symptomatic patient

point of SP. Anterior angulation was defined as between
two lines which were perpendicular to each other passed
from cranial base of the SP and body of the SP (Fig. 3).

The relation between neighboring structures and ESP
was shown in asymptomatic and symptomatic patients on
CT images (Figs. 4a, b, 5a, b).

Statistical analysis

Data analysis and all statistical tests were performed using
SPSS 15.0 for Windows (SPSS, Inc, Chicago, IL, USA).
All data were presented as means and standard errors.
Differences between the patient and control groups were
assessed by analysis student ¢ test. Pearson correlation test
was used to evaluate between length and angulation of
SP relationship. Statistical significance was considered at
p <0.05.

Results

Sixty-six of the patients were female and 34 were male.
The mean age was 40.3 £+ 11 years old for female and
40 + 15 years old for male. Fifty-five of controls were
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Table 1 Mean length and angle values (+standard deviation) of sty-
loid processes for the patient and control groups

Patients group Control group p
RML 40.7 £ 10.8 388+ 6.5 0.2
RMAA 16.1 £6.9 147+£59 0.1
RMMA 22.6 £4.0 20.6 +4.9 0.003*
LML 403 £109 39.4+8.9 0.5
LMAA 16.7+ 7.1 154+6.2 0.2
LMMA 22.6+45 21.3+3.38 0.027*

RML right mean length, RMAA right mean anterior angle, RMMA
right mean medial angle, LML left mean length, LMAA left mean
anterior angle, LMMA left mean medial angle

*p<0.05

female and 45 were male. The mean age was 42 + 14 years
old for female and 39 &£ 13 years old for male. All of the
patients and controls had elongated SP (>30 mm).

In the study group, mean length of styloid processes
was 40.7 = 10.8 mm on the right and 40.3 £ 10.9 mm
on the left. Mean medial angles of SP were measured as
22.6° £ 4.0° on the right side and 22.6° £ 4.5° on the left
side. In the same group, mean anterior angles of SP were
16.10° & 6.9° on the right and 16.7° & 7.1° on the left side.
In the control group, mean length of styloid processes was
38.8 £+ 6.5 mm on the right and 39.4 £ 8.9 mm on the left
side. Mean medial angles of SP were 20.6° & 4.9° on the
right and 21.3° £ 3.8° on the left. Mean anterior angles of
SP were 14.7° &= 5.9° on the right and 15.4° &+ 6.2° on the
left. Mean length and mean medial and anterior angle of SP
in the study and control groups are shown in Table 1. There
was no statistical difference between the patient and control
group for the length of the SP on the both sides (p > 0.05).
No differences were noted between the patient and con-
trol group for the anterior angulation of the SP on the right
and left side. For the medial angulation of SP, there was
a statistically significant difference between the patient
and control groups (p = 0.003). There was no statistical

correlation between the length and medial angulation of SP.
The correlation between length and anterior angulation of
SP was limited (r 0.2, p < 0.05). The correlation between
anterior and medial angulation of SP was moderate (r 0.3,
p < 0.001). There was no statistical concordance between
length and angles values in different sex and age groups
(Table 2).

Discussion

Symptoms related to an elongated styloid process were
first described by Weinlecher in 1872. Eagle (in 1937 and
1949) defined stylalgia as an autonomous entity related to
abnormal length of the styloid process or to mineralization
of the stylohyoid ligament complex [6]. The term stylal-
gia defines an SP that is longer than normal (25-30 mm)
associated with advanced calcification of the process and
its ligaments. Eagle syndrome is an aggregate of symp-
toms that includes recurrent throat pain, foreign body sen-
sation, dysphagia, and/or facial pain as a direct result of
an ESP or calcified stylohyoid ligament [10]. The patients
with ESP seek treatment in several different clinics such as
otolaryngology, family practice, neurology, neurosurgery,
psychiatry and dentistry due to nonspecific clinical find-
ings [9].

Approximately, 4 % of the population is thought to have
an ESP, only a small percentage (between 4 and 10.3 %) of
this group is thought to be actually symptomatic [9]. It is
more common in women than men in radiography (male/
female ratio was 1/9) [9, 10]. Although Eagle syndrome
is thought to be caused by an ESP or calcified stylohyoid
ligament, the presence of an ESP is not pathognomonic
for Eagle syndrome because many patients with incidental
findings of an ESP are asymptomatic.

The etiology and pathogenesis of this syndrome are con-
troversial. The SP is normally composed of dense connec-
tive tissue in adults but may retain its embryonic cartilage
and the potential for ossification [9].

Table 2 Comparison of the mean length and angle values (standard deviation) of styloid processes according to sex for the patient and control groups

Male P Female V4

Patients Control Patients Control
RML 41.17 £ 11.61 40.82 +7.50 >0.05 40.42 + 10.46 37.24 £4.95 >0.05
RMAA 22.10 £ 4.36 15.18 +5.38 >0.05 22.90 +3.84 14.22 £ 6.22 >0.05
RMMA 22.10 £ 4.36 2010 4+ 4.87 >0.05 22,90 + 3.84 21.18 £5.03 >0.05
LML 40.35 £ 11.65 40.86 4+ 9.82 >0.05 3995+ 11.35 38.15 £ 8.14 >0.05
LMAA 17.90 £5.70 15.69 +5.79 >0.05 22.69 +4.31 15.17 £ 6.59 >0.05
LMMA 22.35 +4.52 20.15 £+ 3.37 >0.05 16.12 + 7.61 22.19 £+ 3.89 >0.05

RML right mean length, LML left mean length, RMMA right mean medial angle, LMMA left mean medial angle, RMAA right mean anterior

angle, LMAA left mean anterior angle
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A thorough medical history and physical examination is
the mainstay for the diagnosis of ESP. Occasionally, it is
possible to feel an ESP by careful intraoral palpation. SP
with a normal length is usually not palpable [11]. Several
imaging modalities such as lateral head and neck radiogra-
phy, panoramic radiography, lateral-oblique mandible radi-
ography, etc. can be used for the diagnosis of this entity.
However, it may be difficult to determine the length and
orientation of the ESP by plain radiography because of
superposition of different radio-opaque structures [11]. The
length and morphology of the SP and its relationships to
surrounding structures are best assessable on multislice CT,
3D-CT, multiplanar reconstruction (MPR) and maximum
intensity projection (MIP) [13]. ESP was not demonstrable
by standard coronal and sagittal reformatted images at full
length due to its antero-medial extension. Three-dimen-
sional CT technique was used in our study to visualize
SP at full length. The antero-medial angulation of SP was
readily demonstrated by this technique.

There are different reports about the normal length of
the SP. Generally, an SP measuring 2.5 cm in length is con-
sidered as normal. An SP >3 cm is defined as ESP [14].
In this study, if an SP is >3 cm, it was defined as ESP in
all groups and the longest SP that we have measured was
74 mm. Mean length of SP was 40.7 mm in patients and
40 mm in controls. It seems that the length is not enough to
explain these complaints. It was reported that the length of
SP age and sex groups was not significantly different, that
is parallel to our results [12—15]. The prevalence of symp-
tomatic ESP is not precisely known [3, 16]. It was reported
that incidence of the ESP was 0.4-50 % in population and
only half of these (or less) were symptomatic [2]. Many
patients with incidental findings of ESP are asymptomatic.
It was proposed that abnormal angulations rather than elon-
gation of SP may be responsible for the complaints.

In this study, the mean angles were 22.6° and 16.4°
for the medial and anterior, respectively. Yavuz et al. [15]
reported that mean angles were 15.5° and 35.1° for the
medial and anterior, respectively. They concluded that ante-
rior angulation of SP was an important factor on symptoms.
Our results suggest that angulation of SP may cause the
symptoms due to compression of adjacent structures. Con-
trarily, we could not show any positive correlation between
the chief complaints and increased anterior angulations of
ESP. On the other hand, we demonstrated a strongly posi-
tive correlation between the complaints and medial angula-
tions. Explanation for this correlation may be that increase
of medial angle lead closer contact between the SP tip and
internal carotid artery which may be responsible for devel-
opment of the symptoms (Fig. 4a). In addition, the irrita-
tion of adjacent structures such as lateral pharyngeal wall
(Fig. 5a, b) and/or, sympathetic chain may also contribute
to the clinical picture. No correlation between the medial

angle and the length of SP, and only minimal correlation
between the anterior angle and the length were noted. The
increase in medial and anterior angles was concomitant to
each other. With regard to gender and age groups the differ-
ences between these two angles were not significant.

The main problem of patients with ESP will not be
described clearly because these symptoms can be related
to several diseases. Therefore, structural measurements of
SHC may be quite important and this situation should con-
sider the patients with clinical symptoms like cervicofacial
pain.

In conclusion, our study results revealed that rather than
the anterior angulation or the length of SP, the increased
medial angulations of SP might be responsible for stylalgia
complaints in these patients. Reformatted 3D-CT images
give detailed and reliable information about styloid length
and angles.
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