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Background: The styloid process (SP) is a slender cylindrical bony projection of 
the temporal bone with 2 ligaments and 3 muscles attached to it. Symptomatic SP 
elongation is also referred to, as Eagle’s syndrome. The aim of the present study is 
to investigate the distribution of the SP length in a young adult Greek population. 
Materials and methods: Moreover, we provide a comparison of the results by 
using two different methods for assessing SP elongation, as described in the lite-
rature. Finally, we explore the possibility of using orthopantomograms (OPGs), as 
a diagnostic aid by investigating inter-examiner, intra-examiner and inter-exami-
nation variability and we propose a limit for SP elongation measurable in OPGs. 
Results: The sample comprised 805 digital OPGs, taken from student pilots and 
engineers entering the Hellenic Air Force Academy, from 2008 onwards. Two 
measuring approaches were selected, one using the temporal bone, as a cranial 
landmark and the other, using the external auditory meatus. The end tip of the 
process was always the caudal landmark. The mean SP length was 28.42 ± 
± 8.48 mm in males and 26.04 ± 7.69 mm in females, when measured from the 
temporal bone. The mean SP length was 38.35 ± 8.90 mm in males and 34.24 ± 
± 8.63 mm in females, when measured from the external auditory meatus. The 
length of 30 mm is most commonly used as a starting point for SP elongation. In 
the total sample, 30.6% of the measured SPs exceeded the length of 30 mm. In 
males, 33.12% of the SPs were elongated; while in females the corresponding 
incidence was 20%. One hundred and nineteen (14.8%) SPs were not traceable. 
Conclusions: The SP is typically detectable and measurable in OPGs. An elonga-
ted SP should be kept in mind, since symptoms of elongation may overlap with 
clinical manifestations of temporomandibular joint disorders. (Folia Morphol 
2019; 78, 2: 378–388)

Key words: temporomandibular disorders, Eagle’s syndrome, styloid 
syndrome, styloid process, elongation
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INTRODUCTION
The styloid process (SP) is a long osseous pro-

jection of the petrous part of the temporal bone 
projecting forward, downward and slightly medial. 
The functional unit, which is composed of  3 muscles 
(styloglossus, stylohyoid and stylopharyngeus) and  
2 ligaments (stylohyoid and stylomandibular) attached  
to it, is called styloid apparatus and is derived from 
the second branchial arch [11]. The symptomatic SP 
elongation is also referred to as Eagle’s syndrome 
[12–15] and causes cervicofacial pain, tinnitus and 
otalgia. This definition can be found under the head-
ings of heterotopic ossification and/or temporal bone 
abnormalities. Alternative synonyms are “elongated 
styloid process syndrome” [13, 19, 32], “styloid–stylo-
hyoid syndrome” [25], “carotid artery syndrome” [14]  
and stylalgia [27].

The stylohyoid ligament seems to be mainly in-
volved in Eagle’s syndrome pathophysiology. The 
ligament may be partially represented by bone, most 
often at its proximal extremity, or in some instances 
may be completely ossified [61]. The topographic 
anatomy of the parapharyngeal space emphasizes the 
importance of SP length and angulation, since pos-
sible compression and impingement of surrounding 
structures may appear in cases of SP elongation and/
or ligaments’ ossification [9, 20, 51]. On the other 
hand, muscles and ligaments attached to the SP reg-
ulate the movements of the mandible, hyoid bone, 
tongue and pharynx [45]. Mineralisation/ossification 
of the stylohyoid-stylomandibular ligament complex 
is relative common [17] and may affect function of 
the masticatory organ [60] (Fig. 1).

Several of the symptoms attributed to an elongat-
ed SP are common clinical manifestations of the tem-
poromandibular joint disorders (TMD) and because 
of this overlap, a potential of misdiagnosis always 
exists [65]. Palesy et al. [49] concluded that the clinical 
examination of patients with cervicofacial pain and 
mandibular dysfunction should include the SP investi-
gation. Detailed knowledge of variations and possible 
effects on suprahyoid structures is important for an 
accurate diagnosis of TMD and orofacial pain [34]. 
Vague facial pain, especially upon swallowing, turning 
the head or opening the mouth, dysphagia, otalgia, 
headache and dizziness have been associated with 
elongated SPs or mineralised stylohyoid ligaments [8]. 
Siessere et al. [59] after a comparison of functional 
electromyographic patterns in patients with Eagle’s 
syndrome and healthy individuals reported muscular 

hyperactivity in the patients’ group attributed to the 
SP interference. Krennmair and Piehslinger [34] sug-
gested that bone growth apposition or ligaments’ 
ossification due to SP traction caused by malocclusion 
may lead to a decrease in the hyoid bone mobility, 
affecting mandibular movement. Slavicek [60] con-
sidered Eagle’s syndrome, as a cause for the reduced 
mandibular mobility. There is however no unique 
statement on what seems to be the normal SP length 
and consequently on a proposed limit for elongation. 
Eagle [13] reported that the typical SP length is 25 mm. 
According to Stafne and Hollinshead [61], the SP var-
ies widely in length (5–50 mm), thickness, form and 
shape. Langlais et al. [37] defined the typical SP length 
varying between 25 and 32 mm and Moffat et al. [41]  
demonstrated values between 1.52 and 4.77 cm. Jung 
et al. [29] and Monsour and Young [42] proposed 
45 and 40 mm, as the limit for SP elongation.

In order to assess SP length, various imaging mo-
dalities, such as orthopantomograms (OPGs), lateral 
cephalometric radiographs [2, 47], anteroposterior 
skull radiographs, computed tomography scanning 
[27, 44] and anatomical methods utilising measure-
ments in dry skulls [10, 11, 18, 38, 39, 41, 45, 50] 
have been used. The advantage of metric studies in 
dry skulls is lack of distortion or superimpositions of 
structures. On the other hand, it is rather hard to find 
numerous intact SPs, since SP is a particularly fragile 
part of the cranium [10]. 

Many radiological studies have used OPGs to eval-
uate SP length (Table 1), the pattern of the stylohyoid 
chain or the percentage of elongated complexes, 
however defined (Table 2), due to availability, di-
agnostic performance, low cost, less radiation and 
the particularly high sensitivity of the method in de-
tecting SP elongation [62, 63]. Three basic methods 
have been described regarding the assessment of 
the stylohyoid complex elongation in OPGs. In the 
first method, Ferrario et al. [16] used the anterior 
nasal spine and the mastoid process, as reference 
landmarks. Those landmarks are connected with a line 
and if the complex exceeded the line, it is considered 
elongated. Therefore, SPs until 25 mm were normal in 
the OPG, if they projected above the line connecting 
the anterior nasal spine to the mastoid process. In 
the second method, Goldstein and Scopp [24] used 
the height of the posterior border of the mandibular 
ramus to define SP elongation. If the SP exceeded 
the 1/3 of the height, it was considered elongated. 
Prasad et al. [52] used this approach before deciding 



380

Folia Morphol., 2019, Vol. 78, No. 2

to perform surgical removal. The third method is not 
comparative. It is a metric approach utilising anatomic 
landmarks corresponding to the beginning and end 
tip of the SP. Jung et al. [29] specified the starting 
point of measurement, as the centre of a circle encir-
cling the cleft between SP and tympanic plate, while 
Monsour and Young [42] and Zaki et al. [65] used the 
point of SP emersion from the temporal bone. The 
end tip of the SP or the ossified part of the ligament 
is obviously the other landmark.

The aim of the current study is to investigate the 
distribution of SP length in a young adult Greek pop-
ulation. Moreover we provide a comparison of the 
results by using two different methods for assessing 
SP elongation, as described in the literature. Finally we 
explore the possibility of using OPGs, as a diagnostic 
aid by investigating inter-examiner, intra-examiner 
and inter-examination variability and we propose 
a limit for SP elongation measurable in OPGs.

MATERIALS AND METHODS
The sample comprised student pilots and engineers 

entering the Hellenic Air Force Academy, from 2008 
onwards. A list of age specific candidates (17–21 years 
old) was provided from the records of the Centre 
of Aviation Medicine in Athens, located in the 251 
Hellenic Air Force and VA Hospital. Upon acceptance 
in the Academy, all students had a thorough medical 
examination. An OPG combined with an intraoral and 
extraoral examination were part of this process. Gener-
al consent to anonymously use data for possible future 
research purposes is typically required from all patients 
attending the hospital. All the dental records are kept 
in the Dental Department of the Centre of Aviation 
Medicine in Athens. Their digital copy is kept in the Oral 
Radiology Department of 251 Hellenic Air Force and VA 
Hospital, where the standardised OPG was taken (Plan-
mecaPromax 2002, 84 KV max/Total filtration 2.5 mm 
Al, Planmeca, 00880 Helsinki, Finland). Search strategy 

Table 1. Limits and mean values for styloid process (SP) elongation in papers using orthopantomograms (OPGs)

Study Year Limit for SP elongation Sample/OPGs Mean length 

Kaufman et al. [31] 1970 30 484 29.49 L/29.92 R

Correl et al. [8] 1979 30 1771 43.6*

Monsour and Young [42] 1986 30 1200 29.2

Keur et al. [32] 1986 30 1135 47.9 M/44.5 F

Camarda et al. [5, 6] 1989 25 150 10

Zaki et al. [65] 1996 30 100 31.9

Bozkir et al. [4] 1999 30 200 53*

Sokler and Sandev [62] 2001 < 21/21–30/30 > 296 21.6 R/21.2 L 

Yamashita [64] 2002 – 389 30.08

Krennmair and Piehslinger [35] 2003 25 420 12.6–23.2

Jung et al. [29] 2004 45 1000 31

Ilguy et al. [30] 2005 30 860 34 ± 8 L*/35 ± 15 R*

Gokce et al. [23] 2008 30 698 38.1 M*/36.6 F*

More and Asrani [43] 2010 30 500 25.41 L, 25.53 R

de Andrade et al. [2] 2012 30 50 32.98 R/33.50 L

Sancio-Goncalves et al. [57] 2013 30 78 TMD, 93 control 27.2, 28.2

Reddy et al. [55] 2013 30 260 36.7*

*Mean length of elongated SPs; F — females; L — left; M — males; R — right; TMD — temporomandibular joint disorder
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Figure 1. Impact of styloid process elongation. Possible mechanisms and results.
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required the use of the software “PlanmecaDimaxis 
Pro 4.3.2”. The programme required either the entry 
of the name or the birth date of an individual in order 
to search the database for the corresponding OPG. If 
more than one OPG happen to have the same name 
or birth date, then all of them are presented in a list. 
In the present study the variable “birth date” was used 
intentionally, for anonymity purposes and in order to 
include people randomly attending the department 
for an OPG and therefore widening the sample, with-
out affecting age or geographic distribution of the 
sample. Those individuals, that had the same birth 
date with our initial list, were labelled duplicates and 
were included if the examination date did not exceed 
6/2015. Foreigners were excluded. 

A dentist specialised in maxillofacial radiology 
performed panoramic imaging. For every OPG taken 
the exposure settings (KV and mA) were set to au-
tomatic. The patient was asked to stand up straight 
into the orthopantomograph and his maxillary and 
mandibular anterior teeth were in the correspond-
ing notch on the bite block device. Three references 
laser lights (Frankfort horizontal plane light, canine 
light and mid-sagittal plane light) appeared on the 

orthopantomograph to orientate a standardised head 
position. 

In order to ensure the measurements’ accuracy, 
an attempt to calculate the OPG distortion in SP area 
was made. For this purpose, 16 skulls were kindly pro-
vided by the Departments of Anatomy and Surgical 
Anatomy of the Schools of Medicine of National and 
Kapodistrian University of Athens and Aristotle Uni-
versity of Thessaloniki. Two radiological indexes were 
constructed using wooden prefabricated sticks and 
metal balls/markers of 1.5 mm diameter each. Wood 
was selected to ensure that no scattering would im-
pede the measurements. The wooden rod was marked 
and cut with a disc to 22 mm and the metal balls 
were attached to each end with universal adhesive 
glue. From end to end, the total distance was 25 mm 
(Fig. 2A) and from ball centre to ball centre 23.5 mm. 
Each index was placed randomly to a right or left SP, 
parallel to its longitudinal axis and orthodontic wax 
was used to keep it stable (Fig. 2B). Each skull was ir-
radiated twice. The process was repeated at different 
time intervals, repositioning the markers and setting 
the skull position according to the reference lines. 
Thirty-two OPGs were taken and 64 SPs/markers of 

Table 2. Prevalence of styloid process (SP) elongation from papers using orthopantomograms (OPGs)

Study Year Sample/OPGs SP elongation [%]

Kaufman et al. [31] 1970 484 28% 

Goldstein and Scopp [24] 1973 554 22.2% 

Gossman and Tarsitano [25] 1977 4200 4% 

Correl et al. [8] 1979 1771 18.2% 

O’Carroll [46] 1984 479 35.3% 

Monsour and Young [42] 1986 1200 21.1% 

Keur et al. [32] 1986 1135 30% 

Ferrario et al. [16] 1990 286 84.4% 

Zaki et al. [65] 1996 100 27% 

Bozkir et al. [4] 1999 200 4% 

MacDonald-Jankowski [40] 2001 1662 7.8–8.6%

Scaf et al. [58] 2003 166 12.6%

Kursoglu et al. [36] 2005 55 83.6% 

Ilguy et al. [30] 2005 860 3.7% 

Radfar et al. [53] 2008 1000 22% 

Gokce et al. [23] 2008 698 7.7% 

More and Asrani [43] 2010 500 19.4% 

Bagga et al. [3] 2012 2706 52.1% 

Roopashri et al. [56] 2012 300 35.6% 

Alpoz et al. [1] 2014 1600 28.8%
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25 mm standard value were measured (Fig. 3). In the 
few cases that the ball (always the cranial one) was 
not included in the image, the value was left blank. 
Both sides were combined to give 58 measurements 
in total and 6 blank. The test for the null hypothesis 
μ = 25 was not rejected, so the distortion could be 
considered negligible.

For each OPG selected, the described standardised 
steps were followed to measure SP length: 
1.	 Digital image opening; 
2.	 Instant magnification; 
3.	 Landmarks’ location at the right side (starting 

point of measurement from a landmark caudal 
to cranial) and measurements’ registration;

4.	 Landmarks’ location at the left side and measure-
ments’ registration.
To assess SP length, two approaches were used 

[29, 45]. In the first approach [29], the landmarks 
used were: the centre of a circle encircling the cleft 
between SP and tympanic plate and the end of the SP 
tip. In the second approach [45] the used landmarks 
were: the lowest-posterior point of the external audi-

tory meatus (EAM) and the end of the SP tip. For both 
methods (Fig. 4), if the SP was nodular or radiopaque, 
then the end tip of the last caudal radiopaque part 
was defined as the end tip. All pictures, in which the 
SP was not present or its total length was not clearly 
depicted were marked as not traceable.

In the present study 805 OPGs were selected, 
obtained from 655 male (mean age 19.03 years) and 
150 female patients (mean age 19.5 years). Each SP 
was assessed separately since SP elongation may be 
unilateral or bilateral. In 119 OPGs, SPs were charac-
terised bilaterally as non-traceable. In the remaining 
686 OPGs, at least one SP was traceable (Table 3). For 
each identifiable SP four measurements were made: 
measurement according to Jung et al. [29] method 
by the main researcher, repeated twice, measurement 
according to Jung et al. [29] method by the second 
examiner and measurement according to Natsis et al. 
[45] method by the main researcher.

During statistical analysis, an extra value (e) was cre-
ated — by the combination of (a) and (b) values — the 
mean value for each SP by the two measurements of the 

Figure 2. A. Radiological index and digital calliper; B. Index attached with orthodontic wax.

A B

Figure 3. A panoramic radiograph of a skull with the index positioned.



383

N. Zokaris et al., Styloid process length 

main researcher. Measuring a structure twice or more 
and combining the measurements to provide a mean 
adds to the accuracy of the process and reduces the 
error between measurements [2]. Comparison between 
a–b describes the intra-examiner variability, between 
a–c, the inter-examiner variability and between e–d 
the relationship of the two methods of measurement.

The non-parametric Mann-Whitney U test was 
used to compare male and female values. Kolmogor-
ov-Smirnov test was used to determine the normality 
of the distributions. The non-parametric Mann-Whitney 
U test was used in order to compare two independent 
samples, right and left. Non-parametric Mann-Whitney 
tests comparing male versus female samples were 
found to be significant, therefore the two samples 
were not combined. The extent of agreement among 
repeated measurements performed by an examiner 
is described by the intra-examiner variability and the 
extent of agreement between examiners is described 
by the inter-examiner variability. Low variability cor-

responds to high validity of the utilised examination. 
Inter-examiner and intra-examiner variability were 
tested by means of the non-parametric Wilcoxon 
signed rank test. The null hypothesis, that the two 
measurements were not different, was also retained 
at significance level 5%. Differences between meas-
urements of the two examiners were also calculated.

Inter-OPG variability was a very interesting as-
pect of this study. Out of the 805 individuals, 138 
had taken a second OPG within the time frame of 
the current study. These OPGs were also assessed, 
separately, creating a subsample of 138 images (109 
males, 19 females), which could be compared with 
their corresponding previous ones to evaluate how 
reliable the OPG can determine SP length. The time 
frame could certainly not justify a differentation in 
length, hence the same structure was measured in 
two different OPGs. In such a case, the subsample 
could be unified regarding gender, since the point of 
interest was to directly check upon the accuracy of 

Figure 4. Measuring the styloid process length. The measured value is displayed in a drop up box. External acoustic meatus is also visible.

Table 3. Traceability of the styloid process in the study sample and between males and females according to the side of occurrence 

Side of occurrence Males Females Both genders

Bilaterally not traceable 86 (13.1%) 33 (22%) 119 (14.8%)

Unilaterally traceable:

Left side 24 (3.7%) 9 (6%) 33 (4.1%)

Right side 44 (6.7%) 15 (10%) 59 (7.3%)

Bilaterally traceable 501 (76.5%) 93 (62%) 594 (73.8)

Total 655 (100%) 150 (100%) 805 (100%)

The total number of traceable styloid processes — 686
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OPG depicting the same structure, which definetely is 
not gender-related. Inter OPG variability was checked 
for both methods — measurements from the tem-
poral bone and from the EAM — for the former the 
mean values were compared with the measurements 
in the second OPG. The protocol was approved by the 
Ethics Committee, Educational and Scientific Board 
of 251 Hellenic Air Force General and VA Hospital — 
Protocol Number 313/August 2015.

RESULTS
For the SP length assessment from the temporal 

bone and the EAM, descriptive statistics are pre-
sented in Table 4. The mean SP length was 28.42 ± 
± 8.48 mm in males and 26.04 ± 7.69 mm in females, 
when the SP length was measured from the temporal 
bone. The mean SP length was 38.35 ± 8.90 mm in 
males and 34.24 ± 8.63 mm in females, when the SP 
length was measured from the EAM. SP elongation 
was not side-related (p = 0.957 and 0.175 for both 
measurements in males, and p = 0.555 and 0.359 in 
females). Differences between measurements of the 
two examiners were also calculated. The mean value 
of the calculated differences was 0.08 for the right SP 
and –0.08 for the left SP in men. The corresponding 

values for females were 0.0006 and 0.09, respectively. 
Differences between the two measurements by the 
same examiner were also calculated. The mean value 
for the calculated differences was 0.09 for the left SP 
and 0.11 for the right SP in men. The corresponding 
values for females were –0.11 and –0.16, respectively. 
The proximity of the measurements is clearly depicted. 
The correlation coefficient between the two meas-
uring methods was very high for genders, 0.931 for 
males and 0.952 for females. A correlation coefficient 
near unity means that there is a linear relationship 
between the two measuring methods. 

The length of 30 mm is most commonly used as 
a starting point for SP elongation. In the total sample, 
30.6% of the measured SPs exceeded the length of 
30 mm (16.14% bilaterally and 14.53% unilaterally). 
In males, 33.12% of the SPs were elongated (18.16% 
bilaterally and 14.65% unilaterally), while in females 
the corresponding incidence was 20% (12.6% unilat-
erally and 7.3% bilaterally). One hundred and nine-
teen SPs (14.8%) were not traceable (Table 5).

DISCUSSION
In the present study, a particularly large sample 

of 805 OPGs was examined. In the literature sample 

Table 4. Descriptive statistics for the length of the styloid process (SPL), as it measured from the temporal bone (TB) and the external 
acoustic meatus (EAM) in males and females and in the total sample

Metric variables Males Females

SPL-R  
from TB

SPL-L  
from TB

SPL-R  
from EAM

SPL-L  
from EAM

SPL-R  
from TB

SPL-L  
from TB

SPL-R  
from EAM

SPL-L  
from EAM

N 545 525 520 497 108 102 108 103

Total 1070 1017 210 211

Mean ± SD 28.14 ± 8.35 28.60 ± 8.48 37.64 ± 8.62 38.98 ± 8.90 25.79 ± 7.48 26.27 ± 7.86 33.72 ± 8.23 34.78 ± 9.03

Mean ± SD (in total) 28.42 ± 8.48 38.35 ± 8.90 26.04 ± 7.69 34.24 ± 8.63

Median 26.32 26.83 35.58 37.32 25.27 25.11 32.60 34.17

Median (in total) 26.56 36.42 25.218 33.34

Minimum–maximum 10.33–76.60 9.68–70.20 12.94–84.34 15.38–83.94 9.86–54.80 9.65–60.77 14.34–66.68 10.89–72.44

Percentiles:

25 22.83 23.15 32.42 33.27 20.71 22.47 29.32 31.07

25 in total 23.07 32.79 22.09 30.31

50 26.32 26.83 35.58 37.32 25.27 25.11 32.60 34.17

50 in total 26.56 36.42 25.21 33.34

75 30.84 31.54 40.96 42.16 29.28 28.34 35.75 36.82

75 in total 31.50 41.47 28.75 36.49

90 38.19 39.65 48.65 51.89 32.81 33.54 41.96 43.24

90 in total 39.01 49.70 32.52 41.75

L — left; R — right; SD — standard deviation
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sizes vary from small (50 patients in Kursoglu et al. 
[36] study) to extremely wide (4200 in Gossman and 
Tarsitano [25] study) depending on the applied meth-
odology and mainly on the tested variables. In the 
current investigation, the study population represents 
a random sample from Greece for three reasons:  
a) candidates came from all over the country; b) 251 
Hellenic Air Force and VA Hospital is the only military 
hospital of the Air Force in the country serving the 
Veterans, the personnel of the Air Force (military and 
administrative) and also members of their families;  
c) people working for the Armed Forces are tempo-
rally transferred more often compared to other em-
ployees. Geographic factors mainly connected with 
dietary and daily habits have been correlated with 
the variable prevalence of elongated SP in Indians 
[3, 54] and Turks [23]. 

The mean age of the participants in our sample 
was 19.03 years for males and 19.5 years for females. 
The study is focused on young individuals in order to 
exclude aging as a possible factor for SP elongation 
or ligaments’ ossification. A review of data literature 
concerning the relation between the stylohyoid appa-
ratus’ length and the age concludes to contradicted 
results. This relation is in a way dependent on the 
etiologic theories utilised for explaining SP elonga-
tion. Moreover, the fact that the plethora of papers 
subdivides their sample into different age groups 
makes impossible to draw conclusions. However, 
many papers [5, 6, 11, 35, 46, 47, 61] seem to agree 
that by the age of 20, the length and ossification 
have already been established, without excluding the 
potential for later stage ossification or elongation.

Prevalence of SP elongation and mean values were 
significantly higher in males, revealing a gender specif-
ic dependency. The extremely higher ratio of males op-
posed to females, especially in the students’ subgroup, 
can easily be attributed to the military nature of the 
academic school selected. However, the ratio is com-

pensated in the group of duplicates, leading finally to 
a total of 150 females. In the study by Correl et al. [8], 
which was also carried in a VA centre in the United 
States, only 52 out of 1771 individuals were females 
and gender related comparisons were only descrip-
tive. Regarding the correlation between gender and 
SP elongation, some papers reveal a male predomi-
nance, like in our study [26, 27, 43], others describe 
a female predominance [7, 17, 30, 46, 52, 63], while 
a third group supports a non-existing correlation  
[1, 16, 32, 36, 42, 45, 47, 55, 58].

As regards to the side asymmetry between left and 
right SP, no statistical significant differences existed 
for both genders. According to Stafne and Hollins-
head [61], usually there is symmetry in SP length 
between the two sides, but sometimes there may be 
noteworthy differences concerning the SP position, 
shape and size. SP in the present study was bilaterally 
traceable in 76.5% of the males and 62% of the fe-
males. From all cases of elongation, 54.8% were bilat-
eral for males and 36.6% for females. The symmetrical 
nature of this anatomic feature has been supported 
by several authors [1, 40]. Regarding the unilateral 
and bilateral SP elongation, Ferrario et al. [16] report-
ed that the SP is often bilaterally elongated. Correl et 
al. [8] reported an incidence of bilateral elongation 
of 16%, while the unilateral one was 2.25%. Zaki et 
al. [65] reported that from 27 out of 100 cases with 
at least one SP elongation, 16 cases were bilateral 
and 11 unilateral. Ghosh and Dubey [21] mentioned 
that an incidence of 57.1% of surgically treated pa-
tients showed bilateral SP elongation. Bagga et al. 
[3] and More and Asrani [43] reported a bilateral SP 
elongation in 79.5% and 68%. O’Carrol [46] reported 
a bilateral calcification in 61% and a unilateral one 
in 17.53%. Side asymmetry was reported by Natsis 
et al. [45] with the right side exhibiting higher values 
of elongated SP. Andrade et al. [2] reported a slight 
tendency for the occurrence of elongation in the left 
side. Scaf et al. [58] found unilateral elongation to 
be the rule, with the majority of the cases (76.5%) 
in the right side and only 9.5% being bilateral. Bilat-
eral elongation is usually not involved with bilateral 
symptoms [33, 52].

Styloid process elongation is the main reason for 
clinical symptoms. An OPG still remains in the front 
line, to detect SP elongation if Eagle’s syndrome is 
suspected [28, 58, 63], as it has the advantage to dis-
cern distinctly the entire SP length and its angulation 
[21, 22]. Andrade et al. [2] also refer to the sensitivity 

Table 5. Prevalence of styloid process (SP) elongation for  
measurements from the temporal bone. Limit was set on 30 mm

SP Males Females Total 

Both > 30 mm 119 11 130

Right only > 30 mm 47 13 60

Left only > 30 mm 51 6 57

Both < 30 mm 352 87 439

Both not traceable 86 33 119

Total 655 150 805
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of OPGs due to head positioning. In the current study, 
three lines were used to orientate the head position in 
relation to the Frankfurt horizontal plane, the midline 
plane and the canine plane. Distortions, magnifica-
tions and overlapping must always be kept in mind. 
An attempt to calculate distortion in the present study 
was made to argue that measurements were as exact 
as possible. The measured SP length may vary with 
the process angulation itself [1, 22] and that is why 
the radiological index constructed to calculate the 
distortion was adjusted across the longitudinal axis 
of the examined skulls. Jung et al. [29] used only two 
skulls to calibrate their measurements, while Monsour 
and Young [42] used three, all placed in position by 
three different radiographers. In the present study 
16 skulls were used and irradiated twice ending up 
with 64 possible measurements. Distortion could be 
considered negligible since the constructed index was 
25 mm and the mean of calibration measurements 
was 24.7 mm.

Several authors [16, 24, 40] utilised comparative 
approaches to estimate SP elongation, supporting 
that measuring in OPGs is inaccurate. However, re-
searchers utilising a metric approach measure what is 
depicted as a SP, without claiming that the measure-
ment is the exact actual length of the SP. The desired 
is the identification of an elongated SP in an OPG, 
thus considered in the differential diagnosis for the 
orofacial pain of the patient. OPG is a valuable adjunct 
in diagnostic procedure and clinicians should be able 
to recognise SP elongation.

A rather unique feature of the present study was 
the comparison of the same structure in different 
OPGs. In the literature only Omnell et al. [47] com-
pared cephalometric radiographs of the same individ-
uals. That was actually a way to verify the preciseness 
of the OPGs, as a diagnostic aid in measuring SP 
elongation since in the current study the time frame 
was not wide enough to support differentiation in 
length of the same individual. In the present study, 
of the whole sample, 138 individuals had been irra-
diated twice. The hypothesis of equality was tested 
by means of Wilcoxon signed rank test and was al-
ways retained — either for measurements from the 
temporal bone or the EAM. The existed differences in 
the number of measurements in males and females 
between the two methods is attributed to the fact 
that sometimes the EAM was not clearly depicted in 
the field of the OPG, while the point of SP emersion 
from the temporal bone was clear, or inversely. The 

difference in values is due to the part of the SP hidden 
by the vaginal process. The typical SP length reaches 
the value of 30 mm [20]. Eagle [13] considered the 
normal SP length to be 25 mm. According to Stafne 
and Hollinshead [61], the SP widely varies in length 
(5–50 mm), thickness, form and shape. Moffat et al. 
[41] regarded the normal range as being from 1.52 
to 4.77 cm. Ianneti [28] considered normal values 
varying from 20 to 35 mm and Reddy et al. [55] from 
20 to 30 mm. The normal length varies considerably 
[23] and an attempt for grouping existing data is 
presented in Table 4.

The use of different landmarks or even different 
methods for assessing SP length is the main reason 
for the diversities found in the literature regarding 
elongation (Table 5). Several authors use comparative 
approaches, while others proceed with measuring of 
the stylohyoid chain, either from the lower margin of 
the temporal bone or the EAM. In comparative ap-
proaches, other landmarks such as the mastoid process 
[16], the posterior border of the mandibular ramus [24] 
or even the mandibular foramen [40] are used to form 
imaginary planes that represent limits for SP elonga-
tion. In the current study two methods were used to 
compare the results and the accuracy of each method 
and to end up with a possible correlation model be-
tween the used two methods that could be applied to 
transform findings of other studies and make results 
comparable. The selected methods by Jung et al. [29] 
and Natsis et al. [45] were those selected due to the 
detailed description of the measuring process.

Jung et al. [29] suggested the use of the 90th 
percentile, as the limit for SP elongation (length’s 
distribution was not normal). The length distribution 
of the current study was not normal and the values 
for the 90th percentile were 39 mm for males and 
32.5 mm for females — lower than Jung et al. [29] 
which were 47 mm and 45 mm, respectively. For the 
EAM measurements no proposed limit in the literature 
exists but if we also consider the 90th percentile, then 
the corresponding values are 49.7 mm for males and 
41.8 mm for females. Mean values were 38 mm and 
34 mm, respectively. De Andrade et al. [2], who also 
used a very similar measuring approach, reported 
mean values around 33 mm. Natsis et al. [45] meas-
ured the SP emersion (floor of EAM) until its tip, after 
drilling the entire part of the vaginal process and the 
outer part of the EAM. It is not easy to explain the 
differences between populations if methodological 
differences are excluded. Diet, habits, geographical 
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parameters or even systematic conditions [3, 23, 48] 
have been shown to interfere with the SP length, 
while the theory one adopts for elongation may also 
justify variability. Obviously, the lack of a clear formu-
lated and verified hypothesis regarding SP elonga-
tion explains the difficulty in attributing differences 
between samples to specific reasons with certainty.

CONCLUSIONS
Within the limitations of the current study the 

following conclusions can be drawn:
—	 Orthopantomograms are a valuable and reliable 

aid in Eagle’s syndrome diagnosis. Inter and in-
tra-examiner agreement, as well as inter-exami-
nation reproducibility was high;

—	 Both EAM and point of SP emersion from the tem-
poral bone can be used as anatomical landmarks 
in stylohyoid complex measurements. Difference 
corresponds to the hidden part by the vaginal 
process. The correlation coefficient between the 
two methods was very high for both genders;

—	 The study concluded that a gender specific de-
pendency of length and SP elongation had sig-
nificantly higher values in males;

—	 Styloid process elongation was not side-related;
—	 Almost 31% of the examined OPGs revealed at 

least one elongated SP.
Styloid process is normally both detectable and 

measurable in OPGs. Even if the measurement may 
lack the absolute preciseness, an elongated SP is usu-
ally clearly depicted and must be kept in mind. Since 
symptoms of elongation may overlap with symptoms 
of TMD and since OPGs are routinely used, dental 
professionals must be familiar with this clinical and 
radiological entity.
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