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Objective: The objectives of this study were to assess the elongation of the styloid process 

on digital panoramic radiographs and to evaluate the prevalence of the elongation according 

to age, sex and types.

Patients and methods: Digital panoramic radiographs of 198 geriatric edentulous patients 

were analyzed. The radiographic length of the styloid process was measured on both sides 

using the measurement toolbars on the accompanying analysis software. For statistical analysis, 

Student’s t-test, chi-square test and analysis of variance test were used.

Results: The elongated styloid process was seen in 87 of the 198 patients. It was observed that 

as age increased, elongation of the styloid process increased with a male predominance. Type 

I elongation was more common than other types of elongation. Bilateral elongation was most 

commonly found than unilateral elongation, and both types of elongation were frequently seen 

in males compared with females.

Conclusion: The prevalence of the elongated styloid process in the present study was higher 

in comparison to the other reports from edentulous patients.
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Introduction
The term styloid process has been gleaned from the word “stylos”, which implies 

the pillar in Greek dialect. The styloid process appertains to the temporal bone of the 

skull, and it abuts front to the stylomastoid foramen.1 Stylopharyngeus, stylohyoid, 

styloglossus muscles, stylohyoid and stylomandibular ligaments are attached to 

the styloid process.2 The length of the styloid process is reported to range between 

15.2 mm and 47.7 mm,3 and various authors have observed that the normal length of 

the styloid process is between 20 mm and 30 mm,3–9 with length 30 mm regarded 

as elongated.2–4,7–13 This elongation of the styloid process or calcification of ligaments, 

which is the cause of the stylohyoid syndrome or Eagle syndrome, was first reported 

by the otorhinolaryngologist Eagle.14

Individuals with Eagle syndrome may report neck and cervicofacial pain, dif-

ficulty in swallowing and pain at the angle of the mandible, which aggravates while 

rotating the neck or during protrusion of the tongue. It is proposed that these features 

are manifested due to the pressure of the styloid process on the neural and vascular 

structures, which are in its vicinity.15 Differential diagnoses in these patients include 

cranial nerve neuralgias, unerupted or impacted tooth, temporal arthritis, diseases of 

the temporomandibular joint, migraine headaches, pharyngotonsillitis and head and 
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neck tumors.2,4 The etiology of the elongation of the styloid 

process is not yet exactly determined, but the congenital 

elongation of the styloid process, calcification of the sty-

lohyoid ligament and growth of osseous tissue where the 

stylohyoid ligament inserts are regarded as few of the caus-

ative factors.16,17 Radiographic studies report the prevalence 

of the elongated styloid process from 2% to 30%.2,6,9,18,19 

Elongation may be seen in both sexes, unilaterally or bilater-

ally and more commonly in elderly individuals.15 Elongation 

of the styloid process can be determined if this structure is 

palpable in the region of ipsilateral tonsillar fossa clinically. 

Nevertheless, the panoramic radiograph taken for various 

reasons frequently demonstrates the elongation of the styloid 

process, considering that most of the individuals are devoid 

of symptoms.19 Although the panoramic radiograph is the 

more common radiographic view to detect the elongation of 

the styloid process, other views such as posterior–anterior 

projection of the mandible, lateral oblique projection of the 

mandible and axial and cephalometric radiographs can also 

aid in establishing the elongated process.20

The present study was carried out in the edentulous popu-

lation of the Kingdom of Saudi Arabia with the following 

aims and objectives:

•	 To measure and assess the length of the styloid process 

on digital panoramic radiographs

•	 To determine the variation in age, sex, type and sides of 

the elongated styloid process

•	 To compare the length of the styloid process between the 

right and left sides

•	 To compare the type or pattern of the elongation of the 

styloid process with the length

Patients and methods
The present study was carried out in the College of Dentistry, 

AlJouf University, Kingdom of Saudi Arabia. Panoramic 

radiographs of patients who were 60 years of age, attending 

the Department of Prosthodontics with various complaints, 

were examined from January 2015 to January 2016. Clear-

ance was obtained from the ethical committee of the College 

of Dentistry, AlJouf University, and written consent was 

obtained from all the participants. Written consent was pro-

vided for publication of the accompanying images.

In this study, 198 radiographs were obtained using a digital 

panoramic imaging system. The radiographic apparatus used 

was Cranex (Soredex, Tuusula, Finland). The apparent lengths 

of the styloid process were measured with the aid of measure-

ment tools on the accompanying application software (Digora 

compatible software DfW 2.6, Soredex). Those radiographs 

showing the styloid processes of both sides were included in 

the study, and radiographs with artifacts and those with patient 

positioning and magnification errors were excluded from the 

study. The length of the styloid process was measured on the 

frontal side of the styloid process, from its originating point 

from the tympanic plate to the tip of the process, regardless 

of whether the styloid process was segmented (Figure 1). The 

styloid process that measured 30 mm was considered as 

elongated, and the one not exceeding 30 mm was regarded 

as normal. Elongated styloid processes were categorized 

according to the classification based on radiologic features 

by Langlais et al as follows: type I as elongated, type II as 

pseudoarticulated and type III as segmented. The radiographic 

presentation of type I, of mineralized complex, is seen as an 

uninterrupted integrity of the stylohyoid complex regardless of 

its length (Figure 2). In the type II, the styloid process is appar-

ently joined to the mineralized stylomandibular or stylohyoid 

ligament by a single pseudoarticulation (Figure 3). Type III 

comprises either short or long noncontinuous portions of the 

styloid complex or interrupted segments of mineralized styloid 

ligament (Figure 4).21

To obtain percentiles for different ages, the radiographs 

were categorized into three age groups, comprising individu-

als belonging to the age groups of 60–69 years, 70–79 years 

and 80 years. The collected data were categorized accord-

ing to age, sex, normal length and elongated length and type 

or pattern of the elongation of the styloid process on both 

the right and left sides.

All the radiographs were evaluated by two qualified and 

experienced observers. In order to check the intraobserver 

variations, the same examiners repeated measurements after 

2 weeks.

Figure 1 Measuring the length of the styloid process.
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Statistical methods
Data were analyzed using SAS 9.2, SPSS 20.0, Stata 10.1, 

MedCalc 9.0.1, Systat 12.0 and R environment ver.2.11.1 

(IBM Corporation, Armonk, NY, USA).

Descriptive and inferential statistical analyses were carried 

out in the present study. Results on continuous measurements 

are presented as mean ± standard deviation (SD) (Min–Max), 

and results of categorical measurements are presented in 

number and percentage. Significance is assessed at the level 

of 5%. The following assumptions on data were made:

1.	 Dependent variables should be normally distributed.

2.	 Samples drawn from the population should be random; 

cases of the samples should be independent.

Analysis of variance was used to find the significance of 

study parameters between three groups of patients. Student’s 

t-test (two tailed, independent) was used to find the signifi-

cance of study parameters on a continuous scale between 

two groups (intergroup analysis) on metric parameters. 

Chi-square test was used to find the significance of study 

parameters on a categorical scale between two or more 

groups. The reliability of measurements was evaluated by 

kappa statistics.

Results
The reliability was very good, with kappa values of 0.91 for 

intraoperator agreement and 0.84 for interoperator agreement. 

Panoramic radiographs of 198 patients, of whom 103 were 

males and 95 were female subjects, who were aged 60 years, 

were studied. Among them, 94 subjects belonged to the age 

group of 60–69 years, 75 subjects belonged to the age group 

of 70–79 years and 29 subjects were aged 80 years.

The length of the styloid process (mm) according to age 

and sex is represented in Table 1. It was observed that the 

length of the styloid process increased with an increasing 

age and the length of the styloid process was more in males 

compared with females. Type I elongation was more common 

than other types of elongation on both the right and left sides 

(Table 2). The length of the elongated styloid process on the 

right side was less than that on the left side (35.92±7.55), which 

was significantly more compared to the right side (Table 3).

It was observed that a maximum numbers of patients with 

all the three types of elongation had length in the range of 

31–40 mm on both sides (Tables 4 and 5).

Figure 2 Type I – uninterrupted styloid process.

Figure 3 Type II – pseudoarticulated styloid process.

Figure 4 Type III – segmented styloid process.
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Table 1 Length of the styloid process according to age and sex

Length of styloid  
process (mm)

Age (years) Total P-value

60–69 (n=94) 70–79 (n=75) 80 (n=29)

Right side 25.18±5.65 30.40±7.77 36.05±10.96 28.75±8.36 0.001**
Left side 25.46±6.76 30.93±8.74 35.85±7.25 29.05±8.49 0.001**

Sex

Male Female

Right side 29.51±8.06 27.93±8.63 28.75±8.36 0.183
Left side 30.67±8.79 27.30±7.82 29.05±8.49 0.005**

Notes: **Strongly significant (P-value 0.01). Data presented as mean ± standard deviation.

Table 2 Type of elongation of the styloid process

Type of elongation Right side Left side

n % n %

Normal 120 60.6 111 56.1
Type I 54 27.3 44 22.2
Type II 19 9.6 24 12.1
Type III 5 2.5 19 9.6

Table 3 Length of the styloid process according to the type of elongation on the right and left sides

Length Type of elongation Total P-value

Normal Type I Type II Type III

Length on the right side (mm) 23.95±4.12 36.23±5.66 37.14±11.58 31.44±10.74 28.75±8.36 0.001**
Length on the left side (mm) 23.63±4.67 36.07±5.46 36.14±8.88 35.56±8.31 29.05±8.49 0.001**

Notes: **Strongly significant (P-value 0.01). Data presented as mean ± standard deviation.

Table 4 Distribution of subjects according to the increasing length of the styloid process on the right and left sides

Length of styloid  
process (mm)

Right side Left side

n % Mean ± SD n % Mean ± SD

1–10 0 0.00 28.75±8.36 1 0.5 29.05±8.49
11–20 28 14.1 32 16.2
21–30 92 49.5 78 44.9
31–40 61 29.3 66 30.8
41–50 14 5.6 15 4.5
50 3 1.5 6 3.0

Abbreviation: SD, standard deviation.

Table 5 Distribution of subjects according to the type of elongation and length on the right and left sides

Type of elongation 31–40 mm 41–50 mm 50 mm

Right side
Type I 43 10 1
Type II 14 3 2
Type III 4 1 0

Left side
Type I 36 6 2
Type II 19 2 3
Type III 11 7 1
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On the right side, type I and type III elongations were 

more common in patients aged 70–79 years, and type II was 

more common in patients aged 80 years. On the left side, 

all the three types of elongation were most commonly found 

in the patients aged 70–79 years (Table 6).

When compared between the sexes, on the right side, 

type I and type III elongations were more common in males 

and type II elongation was more common in females. On the 

left side, all the three types of elongation were more common 

in males (Table 7).

Bilateral elongation was most commonly found (71.4%) 

than unilateral elongation (28.6%). It was also found that 

unilateral and bilateral elongations were frequently seen in 

males compared to females (Table 8).

Discussion
There are assortments of approaches to decide the measure-

ments of the styloid process and analyze Eagle syndrome: 

panoramic radiographs, lateral views of the neck and 

Table 6 Correlation of type of the elongated styloid process with age

Type of elongation Age (years) Total (n=198) P-value

60–69 (n=94) 70–79 (n=75) 80 (n=29)

Right side, n (%)
Normal 83 (88.3) 34 (45.3) 3 (10.3) 120 (60.6) 0.001**
Type I 10 (10.6) 32 (42.7) 12 (41.4) 54 (27.3)
Type II 0 (0) 5 (6.7) 14 (48.3) 19 (9.6)
Type III 1 (1.1) 4 (5.3) 0 (0) 5 (2.5)

Left side, n (%)
Normal 76 (80.9) 32 (42.7) 3 (10.3) 111 (56.1) 0.001**
Type I 10 (10.6) 23 (30.7) 11 (37.9) 44 (22.2)
Type II 4 (4.3) 12 (16) 8 (27.6) 24 (12.1)
Type III 4 (4.3) 8 (10.7) 7 (24.1) 19 (9.6)

Note: **Strongly significant (P-value 0.01).

Table 7 Correlation of type of the elongated styloid process 
with sex

Type of  
elongation

Sex Total  
(n=198)

P-value

Male  
(n=103)

Female  
(n=95)

Right side, n (%)
Normal 59 (57.3) 61 (64.2) 120 (60.6) 0.380
Type I 33 (32) 21 (22.1) 54 (27.3)
Type II 8 (7.8) 11 (11.6) 19 (9.6)
Type III 3 (2.9) 2 (2.1) 5 (2.5)

Left side, n (%)
Normal 49 (47.6) 62 (65.3) 111 (56.1) 0.085#

Type I 27 (26.2) 17 (17.9) 44 (22.2)
Type II 16 (15.5) 8 (8.4) 24 (12.1)
Type III 11 (10.7) 8 (8.4) 19 (9.6)

Note: #Suggestive significance (0.05 P-value 0.10).

Table 8 Distribution of unilateral and bilateral elongation of the 
styloid process

Sex Unilateral Bilateral

n % n %

Male 15 17.2 39 44.8
Female 10 11.4 23 26.6
Total 25 28.6 62 71.4

processed computed tomography.2,7,8 In some cases, the 

lengthened styloid process can be clinically recognized by 

palpating over the tonsillar fossa.22

Scaf et al20 demonstrated that the mineralization of the 

styloid process is considered present if its length is 30 mm 

or surpassing from the temporal bone on the panoramic 

radiographs.

In the present study, it was observed that there was 

an increase in the length of the styloid process as age 

increased, which was consistent with the studies by vari-

ous researchers.19,20,23–25 However, these findings differed 

from others who suggested that age may not have a role in 

elongation.18,26

In the present study, it was found that males had more 

elongated styloid processes than females, which was in 

accordance with More and Aarani.27 However, in the stud-

ies conducted by Roopashri et al,23 Phulambrikar et al24 and 

Ferrario et al,28 it was found that females had an elongated 

styloid process than males, but their data were not statisti-

cally significant. In the study carried out by Scaf et al,20 an 

equal distribution of the elongated styloid process in males 

and females was observed.

In the present study, it was found that type I elongation 

was more common than other types of elongation on both 

right and left sides and the data were statistically significant; 
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these observations were similar to the findings reported by 

few other studies.23,27,29

In this study, the length of the elongated styloid process 

on the left side was significantly more when compared to 

the right side. This finding was in accordance with Bozkir 

et al,19 Vadgaonkar et al,22 Roopashri et al23 and Shaik et al30 

However, More and Aarani27 observed that the elongated 

styloid process was more common on the right side in their 

study population. Ilgüy et al6 and Custodio et al31 observed 

no difference in the length of the styloid process when the 

sides were compared.

Bilateral elongation was most commonly found than 

unilateral elongation in this study; this finding was consis-

tent with those of other studies.19,23,26,28 Scaf et al noted that 

the majority of the elongated styloid process was unilateral. 

It was also found that unilateral and bilateral elongations were 

frequently seen in males compared to females. However, 

in the study conducted by and Bozkir et al19and Roopashri 

et al,23 it was found that bilateral elongation was frequently 

seen in females than unilateral elongation.

In the present study, a high prevalence (43.93%) of the 

elongated styloid process was observed; in contrast to this, 

Keur et al,2 Bozkir et al,19 Scaf et al20 and Correll et al26 

reported a prevalence of 30% in edentulous individuals. 

This difference may be due to the older age group of the 

participants in this study compared to the abovementioned 

studies.

Conclusion
It is vital for the dental practitioner to be aware of the 

structural deviations of the styloid process whose clinical 

significance is not well established. Elongation of the sty-

loid process may be a fortuitous asymptomatic radiographic 

observation. Panoramic radiographs are economical and can 

demonstrate the exact status of the elongated styloid process 

that can establish the diagnosis, thus averting misinterpre-

tation of the symptoms as pain originating from tonsillar 

tissues, odontogenic apparatus or from any other sources. The 

present study showed a higher prevalence of the elongated 

styloid process, which is in comparison to the other reports 

from edentulous patients.

Disclosure
The author reports no conflicts of interest in this work.
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