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Introduction
The styloid process is a cylindrical bony projection that goes 

throughout the skull base, extending downwards, forwards, and 
slightly towards the medial side. It lies in front of the stylomastoid 
foramen, between the internal and external carotid arteries, posterior 
to the tonsillar fossa, and lateral to the pharyngeal wall.1,2 Its normal 
length is between 2 and 3 cm. When larger than this, the styloid 
process is considered elongated, which may be associated with Eagle 
syndrome.2−6

In an adult individual, the styloid ligament, which is usually 
formed by dense fibrous connective tissue, may retain some of its 
embryonic cartilage and thus has the potential of becoming partially or 
completely ossified. Thus, if these structures solidify, this may cause 
pain in some individuals. The mineralization of the styloid complex 
can be seen quite often, although the prevalence of clinical symptoms 
ranges from 1 to 5% in patients with elongated styloid process.7,8

As for the variations in the ossification process, the most frequent 
is the elongation of the styloid process, while the rarest is the 
complete ossification of the styloid chain. These variations may be 
associated with some symptoms, such as sore throat, foreign body 
sensation, pain during swallowing, facial neuralgia, headache, and 
temporomandibular joint disorders. These symptoms are present 
in Eagle syndrome and may result from the compression of some 
nervous and vascular structures around the styloid chain.2,9

Radiological exams, such as panoramic radiographs, play 
an important role in showing these variations, but analyzing 
conventional imaging can be somewhat difficult due to the overlap of 
other bone structures. Computed tomography (CT) provides a reliable 
visualization, leading to an accurate diagnosis. However, only the 
ossified portions of the styloid chain can be assessed by radiographs, 
thus describing several variations in the styloid chain, including 
differences in styloid process length, degrees of angulation, and levels 
of styloid ligament ossification.9,10

The aim of this study was to evaluate, in a Brazilian subpopulation, 

the anatomical changes of the styloid process in CT exams, to classify 
these changes, and to investigate their association with patients’ sex.

Materials and methods
This observational cross-sectional study was approved by the 

Research Ethics Committee of the Universidade Federal do Rio 
Grande do Sul (record no. 19984). CT scans obtained at the Diagnostic 
Investigation Service (Service Diagnostic Research, SIDI Ltd.), Porto 
Alegre, Southern Brazil, in one-year period were retrospectively 
assessed.

Sample size, calculated based on data by Gozil et al.8 and 
Ramadan et al.,9 was 160 CT scans. Exams of adult patients that 
allowed bilateral visualization of the styloid process in its full 
extent were retrospectively included in the sample. Exams showing 
anomalies or trauma sequelae were excluded from the study. CT scans 
were obtained according to the clinic’s protocol using the equipment 
Twin Flash CT Scanner (Elscint, Haifa, Israel) under standardized 
conditions, with field of view of 250mm, slice thickness of 1mm, 
pitch of 1mm, matrix of 512x512, and 120kVp, with variations only 
in milliamperage, according to patient’s bone structure. Scans were 
recorded in axial plane, and patient’s positioning remained constant, 
with the midsagittal plane aligned to the ground and the palate plane 
perpendicular to the ground.

Exams were exported on the DICOM format for analysis on 
Efilm software (Merge, Milwaukee, USA). Based on an axial view, 
we selected coronal and sagittal images that better represented, 
on each side, the styloid process in its full extension. The styloid 
process was measured and subsequently assessed for its morphology. 
Measurements and assessments were independently performed 
on right and left sides by an examiner trained and calibrated by an 
experienced CT professional. The morphology of the styloid process 
was classified according to the criteria recommended by Langlais et 
al.11 and modified by Guimaraes et al.12 (Figure 1) into:

1.	 Normal: The styloid process length may vary, with a mean of 25 
mm, or it may be absent.
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Abstract

Purpose:  The aim of this study was to evaluate the anatomic variations of the styloid 
process in computed tomography exams, to classify these variations, and investigate their 
association with patients’ sex. 

Materials and Methods: A total of 171 exams were evaluated, 119 of which were from 
females and 52 from males. The styloid chain was measure bilaterally and then later classified 
according to its morphology: normal, elongated, segmented and pseudoarticulated. 

Results: Mean styloid process length was 27.6mm (27.9mm on the right side and 27.3mm 
on the left), with males showing significantly higher values. As for the frequency of the 
morphological classification, there was no significant difference for the classification on the 
right and left side between both sexes. 

Conclusion:  The most frequent morphological type was “segmented”, followed by 
“normal”, “elongated”, and the less frequent was “pseudoarticulated”.
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2.	 Elongated: The styloid process and the ligament appear like a 
continuous structure with more than 2.5cm in length.

3.	 Pseudoarticulated: The styloid process is elongated and seems 
to be connected with the stylomandibular or the stylohoid 
ligament by means of a single pseudo-joint, typically located 
above the mandible angle.

4.	 Segmented: The elongated styloid process and ligaments consist 
of several mineralized segments.

Figure 1 Upper part: scheme for the morphological classification of styloid 
process, reproduced from Guimaraes et al.12 Lower part: images obtained in 
this study illustrating morphological classifications.

Data were compiled and expressed using descriptive statistics. The 
nonparametric Wilcoxon test was used to compare styloid process 
length between right and left sides. The nonparametric Mann-Whitney 
test was applied to assess differences in styloid process length between 
sexes. The chi-square test was applied to investigate a possible 
association between styloid process morphology and sex on both 
sides. The nonparametric McNemar test was used to evaluate whether 
there was significant difference in the classification of right and left 
sides. For all the above-mentioned tests, the maximum significance 
level was set at 5% (p<0.05), and statistical analysis was performed 
on SPSS software (SPSS Inc., Chicago, USA), version 10.0.

Results
A comparison of the linear measurements of the styloid process 

yielded a mean of 27.9mm for the right side and 27.3mm for the 
left side, and the nonparametric Wilcoxon test revealed that there 
was no significant difference between the two sides in the overall 
sample. However, when sexes were assessed separately (Table 
1), a significant difference was observed between the two sides in 
females, who presented higher values for the right side (p=0.034). A 
comparison of styloid process length between sexes (Table 2) using 
the nonparametric Mann-Whitney test found a significant difference 
for both sides, with significantly higher values for males.

Table 3 shows that the most frequent morphology in this 
sample was “segmented”, followed by “normal”, “elongated”, and 
“pseudoarticulated”, which was the less frequent. Table 4 displays the 
distribution of the morphological classification of the styloid process 
according to side and sex. Chi-square test results demonstrated that 
there was no significant difference in the classification of right and 
left sides between males and females. An assessment of the overall 
sample with regard to morphological classification (Table 5) revealed 
that a statistical test could not be performed, because the sample was 
not enough for some classifications. When results were dichotomized 
into normal and altered (the remaining classifications), the results of 

the McNemar nonparametric test show that there was no significant 
difference in the classification of right and left sides. There was 81.3% 
of agreement between the two sides (Table 6).

Table 1 Comparison of measures (in mm) between right and left sides 
according to sex. Nonparametric wilcoxon test

Comparison N Mean Standard 
Deviation P

Females

Right side 119 27.1 7.8
0.034*

Left side 119 26.3 8.7

Males

Right side 52 29.9 8.9
0.810

Left side 52 29.5 9.8

*Significant difference between the two sides for females

Table 2  Comparison of measures (in mm) between males and females. 
Nonparametric Mann-Whitney test 

Sex N Mean Standard 
Deviation P

Right Side

Females 119 27.1 7.8
0.040*

Males 52 29.9 8.9

Left Side

Females 119 26.3 8.7
0.006*

Males 52 29.5 9.8

*Significant difference between sexes

Table 3 Frequency distribution of the morphological classification of styloid 
processes according to side 

Classification
Overall 
Frequency Right Side Left Side

(n) N % N %

Normal 118 54 31.6 64 37.4

Elongated 72 40 23.4 32 18.7

Segmented 124 62 36.3 62 36.3

Pseudoarticulated 28 15 8.8 13 7.6

Total 342 171 100 171 100

Table 4 Chi-square Test. Comparison of the morphological classification of 
styloid process according to side among males and females 

Variable Sex
Sex

P
Females Males

Classification 
of the Right 
Side

Normal 32.8 28.8 0.458

Elongated 20.2 30.8  

  Segmented 38.7 30.8  

  Pseudoarticulated 8.4 9.6  
Classification 
of the Left 
Side

Normal 41.2 28.8 0.461

Elongated 16.8 23.1  

  Segmented 34.5 40.4  

  Pseudoarticulated 7.6 7.7  
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Table 5 Comparison of morphological classification (in percentage) between right and left sides for the total sample

Classification of 
the Right Side

Classification of the Left Side  
TotalNormal Elongated Segmented Pseudoarticulated

Normal 25.1 2.3 2.3 1.8 31.6

Elongated 4.7 12.9 4.1 1.8 23.4

Segmented 7.0 1.8 25.7 1.8 36.3

Pseudoarticulated 0.6 1.8 4.1 2.3 8.8

Total 37.4 18.7 36.3 7.6 100.0

Table 6 Nonparametric McNemar Test. Comparison of morphological classification (normal or altered) between right and left sides for the overall sample

Classification of the 
right side

Classification of the Left Side  
TotalNormal Altered

Normal 25.1 6.4 31.6

Altered 12.3 56.1 68.4

Total 37.4 62.6 100.0

Discussion
Morphological changes of the styloid process may be associated 

with a wide range of symptoms; therefore, its diagnosis is very 
important and may be achieved by radiographic exams, such as CT, 
which allows for the measurement of styloid process length and for 
the assessment of stylohyoid ligament ossification.1,2,6,13

Firstly, the present study showed that there was no significant 
difference between the two sides, which has been already described 
by Andrade et al.14 Mean lengths were 27.9±8.3 mm and 27.3±9.1mm 
for left and right sides, respectively. These values were similar to 
those found in a previous study that reported a mean value of 27mm.9

According to the literature, mean styloid process length is usually 
increased in the male population.8,15 In the Ramadan et al.9 study, 
mean styloid process length was 25.5mm for women and 28.1mm 
for men. In another recent study, mean styloid process length showed 
similar values: 22.5mm for women and 28.2mm for men.16 These data 
are in agreement with the present study, which also found significantly 
higher values in males.

When right and left sides were compared across sexes, a significant 
difference between the two sides was observed in women, with the right 
side showing higher values. No reports were found in the literature 
mentioning this difference, probably due to the lack of studies. As for 
the frequency distribution of the different morphological classifications 
of the styloid process, there was no significant difference in the 
classification of right and left sides between sexes. The morphological 
type of each styloid process was assessed based on Langlais et al.11 
criteria. The segmented pattern was the predominant one, and the 
pseudoarticulated pattern was the less frequent one. These results 
differ from previous studies, which observed higher frequency for the 
elongated morphology.8,12 This fact may be explained by the type of 
diagnostic method used, considering that there may be a difference 
between the analyses performed in panoramic radiograph and CT, 
because the latter allows the visualization of the styloid process in 
its full extent without image overlapping. Additionally, sample was 
assinged randomly; unlike other studies that evaluated only patients 

with temporomandibular disorder.12 In accordance with Aral et al.16 
this study did not find a predominance of any side over the other in 
patients with morphological change of the styloid process.

The normal or altered morphology was symmetric in 81.2% of the 
sample. When there was morphological asymmetry between sides, it 
was observed that in most cases one side was normal and the other was 
altered. Several studies have been conducted to better understand the 
functioning of disorders related to temporomandibular joints, whose 
morphological changes may lead to a number of signs and symptoms 
that hamper both diagnosis and therapeutic procedures.12,17,18 
Additionally, most of the studies about morphological changes of the 
styloid process found in the literature are case reports that evaluate 
disease symptoms and the presence of styloid process elongation, 
without evaluating its morphology.

In conclusion, styloid process length ranged from 26.3 to 
29.9mm in the sample, with males showing higher values. There was 
significant variation between sides only in the female sample. The 
most frequent morphological type was “segmented”, followed by 
“normal”, “elongated” and “pseudoarticulated”.
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