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ABSTRACT
Aims: The styloid process is a cylindrical projection of the temporal bone. When the length of the styloid process exceeds 30 
mm, it is considered elongated. The aim of this study was to investigate the length, thickness and morphological pattern of the 
styloid process of patients using panoramic radiography and to evaluate the relationship with age and gender. 
Methods: The study is designed retrospective cross-sectional and consisted of 3012 panoramic radiographs from patients 
routinely referred within the last six months, in which the borders of the styloid process region were clearly visualised on 
radiographs. Age and gender data of the patients were recorded. Styloid process was evaluated in terms of length, thickness 
and Langeais classification. 
Results: The mean age of the patients was 38.32 years. 34.4% (n:1156) were male and 61.6% (n:1856) were female. The mean 
styloid process length was >30 for 32% of the patients. The thickness of the right styloid process was 2.73±1.56 and that of the 
left styloid process  was 2.69±1.5.  The length of the styloid process ranged between 0-79.98 mm with a mean of 26.12±10.78 
mm. Most of the patients were in Langeais Type 1 class in right and left styloid process. There was a statistically significant 
correlation between the length, thickness and Langeais classification of right and left styloid process (p<0.01). There was a 
statistically significant correlation between age and styloid process length and thickness. Also, styloid process length and 
thickness were statistically greater in males than females (p<0.01).  
Conclusion: In this study, the highest prevalence of elongation styloid process in Türkiye evaluated with panoramic radiographs 
is reported. Although styloid process elongation is mostly asymptomatic, more multicenter studies are needed to investigate 
the reasons for such a high prevalence. 
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INTRODUCTION
Styloid process (SP) is a cylindrical projection of the temporal 
bone located anterior to the stylo-mastoid foramen.1 SP 
apex lies between the internal and external carotid arteries 
anteriorly and inferiorly. This anatomical location is a 
clinically important formation because it extends lateral to 
the pharyngeal wall and tonsillar fossa, and the ligaments to 
which it originates have functions such as mastication and 
swallowing.2-5 The length of the SP is between 20-30 mm in 
the general population, and the SP is considered elongated 
when it is longer than 30 mm.1 Panoramic radiographs can 
be used to determine SP elongation and elongated SP can 
be classified according to its morphology.6,7 Langlais et al.7 
classified elongated SP as Type I (Elongated), Type II (Pseudo-
articular), Type III (Segmented) based on its morphology.

Typically, an elongated SP is not associated with any 
pathology. However, in some cases, an elongated SP may 
be linked to various symptoms such as a sensation of a 
foreign body in the throat, pain when moving the head, 
dizziness, dysphagia, facial pain, tinnitus, and trismus. 
This cluster of symptoms associated with an elongated SP 
is referred to as Eagle syndrome.8

The aim of this study is to investigate the length, thickness, 
and morphological pattern of the SP using panoramic 
radiography in patients residing in the Kütahya province 
of Türkiye, and to evaluate its association with age and 
gender.
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METHODS

Ethics
The study, structured as a retrospective cross-sectional 
analysis, involved patients who regularly sought treatment 
at the Kütahya Health Sciences University Faculty of 
Dentistry, Department of Oral and Maxillofacial Surgery. 
Obtaining approval from the Kütahya Health Sciences 
University Non-interventional Clinical Researches Ethics 
Committee, permission with decision number 2022/06-22 
was secured. Conducted in accordance with the guidelines 
outlined in the Helsinki Declaration of Human Rights, the 
study obtained written consent from each patient.

Sample Size
While power analysis was performed; Since it was a prevalence 
(%, prevalence) study, the incidence of any event (prevalence 
of SP prolongation for this study) was taken into account. 
Referencing the study by Şişman et al.20 a tolerance level 
(acceptable error) of d=0.05, and a significance level of 0.05 
(95% confidence level) were employed for a prevalence of 15. 
The sample size was calculated with a power value of 80% and 
the study was planned to include at least 265 patients. 

Study Design
During the last six months (January 2022 to July 2022), the study 
involved the examination of 4151 panoramic radiographs from 
patients who regularly visited the Kütahya Health Sciences 
University Faculty of Dentistry, specifically the Department 
of Oral and Maxillofacial Surgery. 1139 patients in whom 
the borders of the SP region could not be seen on panoramic 
radiograph were excluded from the present study. The study 
was conducted with 3012 panoramic radiographs. Age and 
gender data of the patients were recorded. SP were evaluated 
in terms of length, thickness and Langeais classification. The 
length of the SP was assessed from the tympanic cavity to its 
endpoint, categorizing those surpassing 30 mm as elongated.  
The thickness of the SP was measured at its thickest part. The 
classification of the SP morphology into Type 1, Type 2, and 
Type 3 was based on the Langeais criteria (Figure 1).

Figure 1. A. Type I SP, B. Type II SP, C. Type III SP

Statistical Analysis
Statistical analyses were performed using IBM SPSS 20 
program. Descriptive statistics including minimum, 
maximum, mean and standard deviation values were 
used for numerical data. Frequency tables including 
frequency and percentage values were used for categorical 
data. Kolmogorov-Smirnov and Shapiro-Wilk tests 
were evaluated for the suitability of the distribution of 
the data of numerical variables to normal distribution. 
Kolmogorov-Smirnov and Shapiro-Wilk tests were 
evaluated for the suitability of the distribution of the data 
of numerical variables to normal distribution. Since the 
sample size was large enough, parametric hypothesis 
tests were used on data suitable for normal distribution. 
Independent-Samples T Test was used to show the 
difference between the two groups in terms of the mean 
of the numerical variable analyzed. Chi-square test was 
used to examine the variation and differences between 
two categorical variables. Pearson Correlation coefficient 
was calculated to express the direction and level of the 
relationship between two numerical variables. Phi and 
Cramer V correlation coefficients were used to calculate 
the degree and direction of the relationship between 
two categorical variables. In addition, histograms and 
bar graphs were used to obtain information about the 
distribution of the data of the variables. p<0.05 and 
p<0.01 were considered statistically significant.

RESULTS
The ages of the patients ranged between 12-90 years with 
a mean age of 38.32 years. 34.4% (n:1156) of the patients 
were male and 61.6% (n:1856) were female. The length 
of the SP ranged between 0-79.98 mm with a mean 
length of 26.12±10.78 mm. For the mean SP length, the 
proportion of >30 was calculated as 32%. There were 192 
(6.4%) patients with 0 for the length of the right SP and 
0 for the thickness of the right SP. There were 203 (6.7%) 
patients with 0 length of the left SP and 0 thickness of the 
left SP. 

The mean length of the right SP was 26.04±11.46; the 
mean length of the left SP was 26.20±11.42. There was 
a positive correlation between the length of the right SP 
and the length of the left SP at the 77.6% level and it was 
statistically significant (p<0.01; Table 1). The proportion 
of patients with right SP length >30 was 32.8% and the 
proportion of patients with left SP length >30 was 33.5%. 
When the length of the right SP and the length of the left 
SP were divided into two categories as ≤30 and >30 and 
the relationship between them was examined; there was 
a relationship of 64.9% and it was statistically significant 
(p<0.01; Table 2). The rate of those with both right and 
left >30 is 77.4%. The rate of those with ≤30 in both right 
and left is 87.9%.
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Table 2. Relationships between length and classification types of 
SP

Length of the right SP and 
the length of the left SP 

Right and left SP 
classification type

Phi 0.649** Cramer`s V 0.537**

𝟀2

p-value
1270.432

0.000
𝟀2

p-value
1588.546

0.000
**: Correlation is significant at the 0.01 level

The thickness of the right SP was 2.73±1.56; the 
thickness of the left SP was 2.69±1.50. There is a 
positive correlation between the thickness of the right 
SP and the thickness of the left SP at 47.8% level and it 
is statistically significant (p<0.01; Table 1). There is a 
positive correlation between the length of the right SP 
and the thickness of the right SP at the level of 33.5%; 
there is a positive correlation between the length of the 
left SP and the thickness of the left SP at the level of 
34.9% and it is statistically significant (p<0.01; Table 1).

There is a low positive correlation between age and the 
length of the right SP, the length of the left SP, and the 
average SP length at approximately 9%, 11%, and 10%, 
respectively (p<0.01; Table 3). There is a low positive 
correlation between age and thickness of the right SP, 
thickness of the left SP, thickness of the average SP with 
approximately 13%, 14%, 16%, respectively (p<0.01; 
Table 3). 

Table 3. Relationships between age and, length and thickness of SP
Age

Pearson Correlation p-value
Length of the Right SP 0.087** 0.000
Length of the Left SP 0.107** 0.000
Length of the Left SP 0.103** 0.000
Thickness of the Right SP 0.132** 0.000
Thickness of the Left SP 0.144** 0.000
Thickness of the Average SP 0.161** 0.000
**: Correlation is significant at the 0.01 level

There is a statistically significant difference in the mean 
age value between individuals with a length of the right 
SP of 30 and individuals with a length of >30 (p<0.01). 
The mean age of individuals with a right SP length of 
>30 was calculated as 39.93±15.30, which was older 
than the mean age of individuals with a right SP length 

of ≤30. There was a statistically significant difference in 
mean age between individuals with a left SP length ≤30 
and individuals with a left SP length >30 (p<0.01). The 
mean age of individuals with a left SP length of >30 was 
calculated as 39.62±15.49, which was greater than the 
mean age of individuals with a left SP length of ≤30.

There is a statistically significant difference between 
female and male individuals in terms of mean right 
SP length, left SP length and mean SP length values 
(p<0.01). SP length values were found to be larger 
in males. There is a statistically significant difference 
between female and male individuals in terms of 
mean right SP thickness, left SP thickness and mean 
SP thickness values (p<0.01). SP thickness values were 
found to be larger in males.

When the Langeais classification of the right SP was 
analyzed; the majority of the patients were in Type 1 
class. This was followed by Type 3 and Type 2 (Figure 
2). 78.4% of the right SP were longer than 30 mm and 
were Type 1. 8.2% of the right SP were Type 2 and 
13.4% were Type 3. When the Langeais classification 
of the left SP was analyzed; the majority of the patients 
were in Type 1 class. This was followed by Type 3 and 
Type 2 (Figure 3). 70.6% of left SP longer than 30 mm 
were Type 1, 8% were Type 2, and 12.4% were Type 3. 
There was a 53.7% correlation between right and left 
SP classification type and it was statistically significant 
(p<0.01; Table 2). In both right and left SP classification 
types, 91.9% had type 1, 51.1% had type 2, and 61.3% 
had type 3.

Figure 2. Rates of right SP langeais classification

Table 1. Relationships between Length and Thickness of SP According to Regions

Length of the right SP and 
length of the left SP

Thickness of the right SP 
and thickness of the left SP

Length of the right SP 
and thickness of the right SP

Length of the left SP and 
thickness of the left SP

Pearson correlation 0.776** 0.478** 0.335** 0.349**

p-value 0.000 0.000 0.000 0.000
**: Correlation is significant at the 0.01 level
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Figure 3. Rates of left SP langeais classification

DISCUSSION
According to the results obtained from present study, 
the prevalence of SP elongation was found to be 32% in 
Kütahya, Türkiye. It was observed that the length and 
thickness of SP increased with increasing age, and this 
increase was higher in males. Right and left SP length, 
thickness, and calcification type were related to each 
other. This study is one of the rare studies evaluating 
the SP thickness and the relationship between right and 
left SP length, thickness and morphological type. To 
the best of our knowledge, it is also the first study that 
evaluated the highest number of patients, reported the 
highest prevalence rate, and evaluated SP thickness using 
panoramic radiographs in Türkiye. 

Although elongated SP is usually asymptomatic, 
various theories have been proposed to clarify its 
cause.4,9-11 Studies have reported that congenital 
etiology is the cause of elongated SP. However, 
traumatic events in the pharyngeal region such as 
tonsillectomy, ageing, endocrine disorders, local 
chronic irritation or inflammation have also been 
reported to be factors.4,9,10 Systemic factors related 
to abnormal serum calcium and phosphorus levels 
may also be associated with elongated SP.11 A recent 
study reported that intraoral inflammatory events 
associated with root canal treatments may have an 
association with SP.12 Renal transplant patients on 
haemodialysis may also experience elongated SP due 
to changes in phosphate balance and PTH levels.13 The 
exact aetiology of elongated SP is unknown, although 
many hypotheses have been proposed.14 According 
to some authors, SP elongation may be considered a 
physiological phenomenon.15 The finding that the right 
and left SP were morphologically related in this study 
may indicate that the elongation of SP is influenced by 
systemic conditions.  

The incidence of elongated SP varies in the population.16 
Studies have shown that the incidence of SP formation 
on panoramic radiographs varies between 4% and 33.4% 
and the majority of these patients are asymptomatic.1,8,17,18 

In studies conducted in Türkiye, the prevalence of 
elongated SP ranges from 3.7 % to 7.7%.19,20 The present 
study presents a higher prevalence rate compared to 
studies evaluating patients in Türkiye using panoramic 
radiographs. In a study evaluating patients in Türkiye 
with cone beam computed tomography (CBCT), 13% 
had left, 8% right and 33% bilateral SP elongation.21

In a study of patients with temporomandibular disorder 
(TMD), it was reported that 76% of patients showed 
elongation of at least one of the SP and the incidence of 
SP may be high in patients with this disorder.22 In a study 
of patients with torus palatinus, it was reported that 15% 
had SP on at least one side.23 SP elongation may also be 
higher in edentulous patients.24

The relationship between SP elongation and age is 
controversial in the literature. SP elongation has been 
reported to be associated with age and to increase with age 
in studies.6,20 However, there are also studies that suggest 
that it is not associated with age.25,26 A recent systematic 
review reported that the length of the SP was longer in 
females than in males.27 However, there are also studies 
that reported that it was similar between genders3,20,21 or 
that it was greater in males.6,28 In the present study, SP 
length was associated with age and male gender, similar 
to the results of Shaik MA et al.6

Limitations
The limitations of this study include the inability to 
clinically evaluate patients and the failure to exclude 
individuals with diseases that may affect bone 
metabolism. This circumstance prevented direct 
observation or assessment of clinical symptoms or signs 
of SP elongation. Moreover, the inclusion of individuals 
with conditions potentially influencing bone metabolism 
could impact the generalizability of the results. Hence, 
future study designs may focus on better controlling 
factors that may influence bone metabolism.

CONCLUSION
To the best of the authors' knowledge, this study reports 
the highest prevalence of elongated SP in Türkiye, with 
a rate of 32%. While elongated SP is predominantly 
asymptomatic, further research is warranted to 
explore the underlying reasons for this elevated 
prevalence. Given the potential involvement of various 
systemic and environmental factors in SP elongation, 
multicenter studies involving a larger patient cohort and 
comprehensive clinical evaluations, particularly focusing 
on maxillofacial symptoms, are warranted.
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