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of this styloid process or ossification of stylohyoid 
ligament can result in Eagle’s syndrome. This was 
first described in 1652 by Italian surgeon Pietro 
Marchetti. In 1937, Eagle coined the term Stylalgia to 
describe the pain associated with elongation of the 
styloid process caused due to compression on some 
neural and vascular structures.[4] It has been estimated 
that between 2% and 4% of the general population 
presents radiographic evidence of an ossified portion 
of the stylohyoid chain. Majority of these patients are 
asymptomatic.[5] When symptoms do persist there is 
little correlation between the extent of the symptoms 

INTRODUCTION

Styloid process is derived from the Greek word 
“Stylos” means a pillar, which is normally a cylindrical 
structure arising from the temporal bone anterior 
to stylomastoid foramen.[1] The mean radiographic 
length of the styloid process is usually 2‑3 cm.[2] The 
apex of the styloid process is clinically important as 
it is located between internal and external carotid 
arteries. The tip of the styloid process is continuous 
with the stylohyoid ligament, which extends to the 
lesser cornu of the hyoid bone.[3] The elongation 
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and the severity of the ossification. More commonly, 
panoramic radiographs are used to determine the 
elongation of the styloid process. However, computed 
tomography is used as an adjunct for the information 
provided by panoramic radiographs.[5,6] Langlais et al. 
proposed a classification on elongated styloid process 
based on the morphology of elongation [Figures 1‑3]: 
Type  I: Elongated, Type  II: Pseudo articulated, 
Type  III: Segmented and according to pattern of 
calcification [Figure 4]: (a) Calcified outline, (b) partially 
calcified, (c) nodular, (d) completely calcified.[7] The 
aim of this study was to determine the prevalence of 
elongated styloid process in Saudi population of the 
southern region and to investigate the morphology 
and pattern of calcification of elongated styloid 
process in relation to gender and sub age groups with 
the help of digital panoramic radiograph.

MATERIALS AND METHODS

The study is based on 1,162 digital panoramic 
radiographs consecutively retrieved from the archival 
records. All radiographs were taken between 2009 and 
2011 from Department Oral Medicine and Radiology 
College of Dentistry, King Khalid University, Abha, 
Saudi Arabia. The digital radiographs of 1,162 Saudi 
patients with dental problems had originally been taken 
for routine examination and not for the investigation. 
Hence, it was not necessary to seek ethical approval. 
All the panoramic radiographs were made by using 
Orthopantomograph® OP200D  (Instrumentarium, 
Finland) operated at 85 kVp and 2.5  mA with an 
exposure cycle of 10 s as recommended by the 
manufacturer. The radiographs with questionable 
stylohyoid complex, positioning and magnification 
errors and with superimposed normal anatomical 
structures were excluded from the study. The selected 
radiographs were of patient’s above 10  years with 
the maximum age limit of 70  years. To obtain the 
percentiles for different age groups, the subjects 
were divided in to 10‑19, 20‑29, 30‑39, 40‑49, 50‑59, 
and ≥60 sub age groups. The apparent length of the 
styloid process was measured by an experienced oral 
and maxillofacial radiologist with the help of the 
measuring tools on the accompanying software (Clinic 
view 9.2, Instrumentarium) with a magnification factor 
of 1.4. The length of the styloid process was measured 
in a similar way described by Ilgüy et al.[8] Any styloid 
process extending below an imaginary line connecting 
the anterior nasal spine and the mastoid process was 
considered elongated. The type of the elongation and 
calcification of the styloid process on right and left side 
were evaluated according to Langlais et al.[7] To check 

Figure 1: Type I: elongated styloid process

Figure 2: Type II: Pseudo articulated styloid process

Figure 3: Type III: Segmented styloid process

the intraobserver variations, measurements were 
repeated after 1 month on a subset of 550 panoramic 
radiographs by the same observer. The deviation of 
the mean length of the styloid process between 1st and 
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DISCUSSION

The styloid process and ligaments are derived 
from the 1st  and 2nd  brachial arches, in addition 
to Reichert’s cartilage. It has been demonstrated 
that during fetal development Reichert’s cartilage 
links the styloid bone to the hyoid bone. In the 
adult, the stylohyoid ligament may retain some of 
its embryonic cartilage and may become partially 
or completely ossified. If these structures solidify 
they can cause pain and suffering present in 
symptomatic cases. The actual cause of elongation 
is poorly understood several theories have been 
proposed. It could be due to growth of osseous 
tissue at the insertion of stylohyoid ligament or it 
could be due to calcification of stylohyoid ligament 
due to unknown process or due to persistence of 
cartilaginous analog of stylohyal.[9,10] There has 
always been a natural variation in the length of the 
styloid process as debated by various researchers. 
It has been previously reported that the normal 
radiographic length of the styloid process is 2‑3 mm 
of which, the pathogenic importance is the spatial 

Figure 4: Calcification pattern of elongated styloid process
dcba

2nd  measurements were  <2%. The observed results 
were analyzed using SPSS 16.0 (statistical package for 
social science Inc. Chicago, USA) software. Student 
t‑test and Chi‑square test were used for statistical 
analysis. P  values less than 0.05 were accepted as 
statistically significant.

RESULTS

A total of 1,162 digital panoramic radiographs with 
dental problems were enrolled in the present study. 
The panoramic radiographs of 77 patients who have 
questionable styloid process were excluded. Therefore, 
1,085 panoramic radiographs showed elongated 
styloid process of which, 686 (63.2%) elongated styloid 
process were observed in males and 399  (36.8%) 
were observed in females. Table 1 shows the mean 
difference of elongated styloid process between the 
gender, age and the side affected. The mean difference 
of elongated styloid process between the age group 
of 20‑29, 50‑59, and 60 years and above was more in 
males when compared to female patients, which was 
statistically significant (P < 0.05). Though, the mean 
difference of elongated styloid process was more in 
females between the age group of 40 and 49, it was 
not statistically significant. A  statistical significant 
difference was noticed in the morphology of elongated 
styloid process in males [Table 2]. Type I morphology 
on the left side above 60 years of age was noticed in 
males. There was no significant difference noticed 
in the morphology of elongated styloid process in 
females. Calcified outline (a) [Table 3] was the most 
common calcified pattern noticed on right and left side 
of the male and right side of the female patients, which 
was statistically significant [Tables 4 and 5] shows the 
percentage distribution of morphology and calcified 
pattern of elongated styloid process in different sub 
age groups. Type I and calcified outline (a) were the 
most common morphology and calcified pattern in 
the specified sub age groups.

Table 1: Mean difference of elongated styloid 
process in different age groups
Age ESPs Male Female P value

Mean SD Mean SD
10‑19 Right side 33 1.98 32.8 1.20 0.599

Left side 33.2 1.89 33.1 1.06 1.35
20‑29 Right side 34.2 2.23 33.5 1.89 0.029*

Left side 34.5 2.01 33.8 1.44 0.003*
30‑39 Right side 34.6 2.56 34.3 2.02 0.27

Left side 34.7 2.07 34.2 2.09 0.148
40‑49 Right side 35.4 2.42 35.8 2.51 0.325

Left side 35.7 2.48 36.4 2.22 0.100
50‑59 Right side 36.0 2.42 35.5 2.44 0.0031*

Left side 36.6 2.42 35.6 2.67 0.0037*
≥60 Right side 36.1 2.34 35.6 2.51 0.0039*

Left side 36.7 2.47 35.2 2.61 0.0035*
SD: Standard deviation, ESP: Elongated styloid process *t test (P<0.05)
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than 30 mm on the radiograph it is considered as 
elongated. In the present study, the styloid process, 

position of the tip of this process.[10] Kaufman et al.[11] 
states that, if the length of the styloid process is more 

Table 3: Calcification pattern of elongated styloid process according to gender
Gender Age Calcification on right side P value Calcification on left side P value

A B C D A B C D
n % n % n % n % n % n % n % n %

Female 10‑19 22 9.4 5 3.8 0 0 0 0 0.043* 20 12.2 3 2.9 0 0 4 3.9 0.106
20‑29 51 21.9 19 14.3 2 25 5 20 28 17.1 25 24 5 18 19 18.4
30‑39 33 14.2 19 14.3 0 0 7 28 29 17.7 11 10.6 6 21.4 13 12.6
40‑49 25 10.7 24 18.0 1 12.5 2 8.0 19 11.6 11 10.6 5 17.9 17 16.5
50‑59 50 21.5 19 14.3 2 25.0 5 20 28 17.1 24 23.1 5 17.9 19 18.4
≥60 52 22.3 47 35.3 3 37.5 6 24 40 24.4 30 28.8 7 25.0 31 30.1

Male 10‑19 47 11.6 2 1.2 1 3.8 0 0 <0.001* 40 13.6 7 3.7 1 1.6 2 1.4 <0.001*
20‑29 91 22.5 18 10.5 1 3.8 1 1.2 63 21.4 34 17.9 2 3.3 12 8.5
30‑39 77 19.0 34 19.9 0 0 4 4.8 42 14.3 20 10.5 24 39.3 29 20.6 
40‑49 36 8.9 63 36.8 17 65.4 10 11.9 45 15.3 22 11.6 0 0 59 41.8
50‑59 60 14.8 22 12.9 4 15.4 53 63.1 34 11.6 67 35.3 27 44.3 11 7.8
≥60 94 23.2 32 18.7 3 11.5 16 19.0 70 23.8 40 21.1 7 11.5 28 19.9

*Chi‑square test (P<0.05)

Table 4: Percentage distribution of morphology of elongated styloid process in different sub age groups
Age Gender Morphology on right side Morphology on left side

Type I Type II Type III Type I Type II Type III
n % n % n % n % n % n %

10‑19 Female 17 63 8 29.6 2 7.4 19 70.4 7 25.9 1 3.7
Male 32 64 17 34.0 1 2.0 36 72.0 14 28.0 0 0

20‑29 Female 37 48.1 28 36.4 12 15.6 36 46.8 25 32.5 16 20.8
Male 66 59.5 35 31.5 10 9.0 72 64.9 31 27.9 8 7.2

30‑39 Female 31 52.5 14 23.7 14 23.7 31 52.5 21 35.6 7 11.9
Male 52 45.2 53 46.1 10 8.7 64 55.7 28 24.3 23 20.0

40‑49 Female 26 50.0 16 30.8 10 19.2 23 44.2 17 32.7 12 23.1
Male 50 39.7 56 44.4 20 15.9 49 38.9 53 42.1 24 19.0

50‑59 Female 37 48.7 28 36.8 11 14.5 36 47.4 25 32.9 15 19.7
Male 46 33.1 75 54.0 18 12.9 64 46.0 56 40.3 19 13.7

≥60 Female 45 41.7 42 38.9 21 19.4 45 41.7 42 38.9 21 19.4
Male 71 49.0 58 40.0 16 11.0 84 57.9 47 32.4 14 9.7

Table 2: Morphology of elongated styloid process according to gender
Gender Age Gender age morphology on right side P value Morphology on left side P value

Type I Type II Type III Type I Type II Type III
n % n % n % n % n % n %

Female 10‑19 17 8.7 8 6.0 2 2.9 0.625 19 10.0 7 5.2 1 1.4 0.343
20‑29 37 19 28 21.1 12 17.1 36 18.9 25 18.2 16 22
30‑39 31 15.8 14 10.5 14 20.0 31 16.3 21 15.3 7 9.7
40‑49 26 13.3 16 12.0 10 14.3 23 12.2 17 12.4 12 16.7
50‑59 37 19 28 21.1 11 15.7 36 18.9 25 18.2 15 20.8
≥60 48 24.2 39 29.3 21 30.0 45 23.7 42 30.7 21 29.4

Male 10‑19 32 10.1 17 5.9 1 1.4 <0.001* 36 9.8 14 6.2 0 0 <0.001*
20‑29 66 20.8 35 11.9 10 13.3 72 19.5 31 13.5 8 9.1
30‑39 52 16.4 53 18.0 10 13.3 64 17.3 28 12.2 23 26.1
40‑49 50 15.8 56 19.0 20 26.7 49 13.3 53 23.1 24 27.3
50‑59 46 14.5 75 25.5 18 24.0 64 17.3 56 24.5 19 21.6
≥60 71 22.4 58 19.7 16 21.3 84 22.8 47 20.5 14 15.9

*Chi‑square test (P<0.05)
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Table 5: Percentage distribution of calcification pattern of elongated styloid process in different sub age groups
Age Gender Calcification on right Calcification on left side

A B C D A B C D
n % n % n % n % n % n % n % n %

10‑19 Female 22 81.5 5 18.5 0 0 0 0 20 74.1 3 11.1 0 0 4 14.8
Male 47 94 2 4.0 1 2 0 0 40 80.0 7 14.0 1 2 2 4.0

20‑29 Female 51 66.2 19 24.7 2 2.6 5 6.5 28 36.4 25 32.5 5 6.5 19 24.7
Male 91 82.0 18 16.2 1 0.9 1 0.9 63 56.8 34 30.6 2 1.8 12 10.8

30‑39 Female 33 55.9 19 32.2 0 0 7 11.9 29 49.2 11 18.6 6 10.2 13 22.0
Male 77 67.0 34 29.6 0 0 4 3.5 42 36.5 20 17.4 24 20.9 29 25.2

40‑49 Female 25 48.1 24 46.2 1 1.9 2 3.8 19 36.5 11 21.2 5 9.6 17 32.7
Male 36 28.6 63 50.0 17 13.5 10 7.9 45 35.7 22 17.5 0 0 59 46.8

50‑59 Female 50 65.8 19 25.0 2 2.6 5 6.6 28 36.8 24 31.6 5 6.6 19 25.0
Male 60 43.2 22 15.8 4 2.9 53 38.1 34 24.5 67 48.2 27 19.4 11 7.9

≥60 Female 52 48.1 47 43.5 3 2.8 6 5.6 40 37.0 30 27.8 7 6.5 31 28.7
Male 94 64.8 32 22.1 3 2.1 16 11.0 70 48.3 40 27.6 7 4.8 28 19.3

which were longer than 30 mm were included for 
evaluation. There are many variations of styloid 
chain, including the thickness of segments, angle and 
direction of deviation, length of process and degree 
of calcification.[12] Therefore, it is necessary to define 
the type of elongation and calcification of each styloid 
in order to describe its radiographic appearance. 
Hence, in order to simplify the description, Langlais 
et  al.[7] had classified styloid process based on 
the type of elongation and calcification. Similar 
classification was followed in the present study to 
describe the morphology and calcification of the 
styloid process. The panoramic radiograph rather 
than computed tomography are used to detect if 
the styloid process is elongated.[13] Similarly, in the 
present study panoramic radiographs were used to 
identify the elongated styloid process. The average 
length of the styloid process was 3.67  ±  0.62  cm 
with a mean age of elongation was 42.95 ± 16.62 in 
males and 37.6 ± 14.2 in female patients. There was 
a significant difference in the mean elongation of 
the styloid process between the age group of 20‑29, 
50‑59, and above 60 years of age. These findings were 
in consistent with the study conducted by Gokce et al. 
in Turkey population.[14] In the present study, it was 
observed that there was an increase in the length of 
the styloid process with an increase in the age. These 
findings were in consistent with studies conducted 
by various authors.[15,16] It was also observed that the 
styloid processes were elongated more in males when 
compared to females and more on the left side when 
compared to right side. However, these findings 
were not in consistent with studies conducted by 
various authors.[15‑17] Type  I morphology was the 
most common type of morphology observed in 
male patients. However, it was not statistically 

significant in females. The calcified outline (a) was 
the common calcified pattern was seen in males 
and on the right side of female patients. Similar 
findings were noticed by Ilgüy et  al. in term of 
most common type of elongated styloid process. 
However, they found the partial calcification to be 
the most prevalent pattern. Similarly, Reddy et al.[18] 
and Bagga et al.[19] reported similar results in term 
of most common type of styloid process. However, 
they found completely calcified and partially 
calcified pattern most prevalent in south and north 
Indian population. The percentage distribution of 
elongated styloid process in different sub age group 
showed Type I (33.1‑72%) as the most common type 
of elongation and calcified outline (28.6‑94%) as the 
most common pattern of calcification in the specified 
subgroups of Saudi population.

CONCLUSION

It is important for the dentist to be aware of natural 
variations of the styloid process whose clinical 
importance is not well‑understood. Styloid process 
elongation may often be a coincidental asymptomatic 
radiographic finding. Therefore, proper clinical and 
radiographic evaluation can detect an elongated styloid 
process. The panoramic radiographs are economical, 
easily access able and useful diagnostic aid for early 
detection of elongated styloid process with or without 
symptoms. To the best of our knowledge, this is the 
first of it kind of study in terms of the prevalence 
of elongated styloid process in Saudi population of 
Aseer region. However, studies with larger sample 
size would further help to assess the prevalence of 
this elongated styloid process in Saudi population of 
various other regions.
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