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INTRODUCTION

Pneumatization refers to propagation of air-filled 
cavities in bone [1]. In addition to paranasal sinuses 
and multiple areas in the skull [2], ten points have been 
identified in temporal bone, in which lateral air cells 
may be found; one of these points is zygomatic process 
[1,3]. These air cells may be single or cluster [2,4]. These 
cells are visible in panoramic radiographs and there are 
numerous studies in relation to radiographic diagnostic 
methods [2,5-9]. The internal structure of PAT is divided 
into unilocular and multilocular based on panoramic 
radiographic view [10].

Using panoramic radiography, Tyndall et al. evaluated the 
pneumatized articular eminence in 1061 patients. PAT 
prevalence was 2.6%. This study considers panoramic 
radiography as an effective way to show articular 
eminence and PAT [5].

Kaugars et al. investigated 784 panoramic radiographs 
for examining the presence of PAT through a retrospective 
study. This study recommends pre-operative tomography 
to evaluate PAT extent [11].

A case study was published by Stoopler et al., in which 
multilocular radiolucency was observed in the right 
articular eminence in panoramic radiography considered 
as PAT [8].

Another study concluded that, contrary to what was 
thought in studies, pneumatization of minor cavities 
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begins before puberty. Moreover, awareness of these 
structures helps to accurately interpret panoramic 
radiographic images and differential diagnosis of 
pathological changes in the area [12].

Yavuz et al. suggested that temporal bone fractures in 
the presence of PAT can occur more easily than when the 
defect does not exist [7].

Miloglu et al. evaluated the prevalence and features of 
PAT using CBCT and reported that in patients requiring 
surgery, CBCT is recommended as a supplement to 
panoramic images [13].

Panoramic radiography and Trans-maxilla or trans-
orbital radiography is useful to show PAT. In recent 
studies, computed tomography (CT) and CBCT have been 
considered as selective methods for evaluating bone 
structures and air cells in the skull [13-15]. Due to low 
cost, ease of use, wide access, low radiation dose and a 
good view of articular eminence, panoramic radiography 
is considered as the primary method for diagnosis of PAT 
[16,17]. 

MATERIALS AND METHODS 

In this study, 3000 digital panoramic radiographs 
available in the Department of Oral and Maxillofacial 
Radiology, School of Dentistry, Mashhad University of 
Medical Sciences (in northeastern Iran), from 2014 
to 2016, were randomly selected and evaluated. All 
radiographs were taken using the RAYSCAN Alpha 
panoramic device (RAY Co., 332.7 Samsung 1-ro, 
Hwaseong-si, Gyeonggi-do, 18380, Korea) at 72 kvp and 
10 mA. All images were evaluated in a dim room on a 
Flat panel monitor 2011H (Dell, Round Rock Tx, China), 
20 inches with a resolution of 1600 × 900 pixels. The 
cases where zygomatic process was not clearly visible 
due to technical error or anatomical superimpositions or 
there was a history of fractures, trauma or maxillofacial 
anomalies were excluded. The presence of PAT was 
confirmed in the presence of pneumatization or 
observation of a unilocular or multilocular radiolucent 
defect (similar to mastoid air cells) with a definite, 
non-degenerative articular tubercle, located entirely 
posterior to the zygomaticotemporal suture. The 
presence of PAT, unilateral or bilateral involvement, and 
unilocular or multilocular internal structure of it were 
identified in terms of age and sex by a dentistry student 
and confirmed by an oral and maxillofacial radiologist 
(Figures 1-4).

SPSS software (version 19) was used for statistical 
analysis. Shapiro–Wilk test and chi-square tests were 
used to analyze the data. In all tests the significance level 
of 5% was assumed.

In this study, no intervention was done and only 
panoramic radiographs available in archives of the 
radiology department were used. This research project 

was approved by the Regional Ethics Committee for 
Medical Research.

 

Figure 1: Unilateral unilocular PAT of temporal bone 

 

Figure 2: Unilateral multilocular PAT of temporal bone

 

Figure 3: Bilateral unilocular PAT of temporal bone

 

Figure 4: Bilateral multilocular PAT of temporal bone 

RESULTS

Panoramic radiography images of 3,000 people, 
including 1582 women (52.7%) and 1418 men (47.3%), 
were studied. Of these, 82 cases of PAT (pneumatized 
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male and 10 cases (52.6%) were female. According to 
chi-square test, there was no significant relationship 
between unilateral or bilateral defect and sex (p=0.702).

The relationship between unilateral or bilateral 
defect and its structure

In the group with unilateral defect, 38 cases (60.3%) 
had unilocular defect and 25 cases (39.7%) had 
multilocular defect. In the group with bilateral defect, 
5 cases (26.3%) had unilocular defect and 14 cases 
(73.7%) had multilocular defect. frequency of unilocular 
structure was higher in unilateral cases, while frequency 
of multilocular structure was higher in bilateral cases. 
According to chi-square test, there was a significant 
relationship between unilateral or bilateral defect and 
its structure (p=0.009).

The relationship between the side with PAT in people 
with unilateral defect and sex

In men with unilateral PAT, the defect was on the right 
side in 5 cases (15.2%) and on the left side in 28 cases 
(84.8%). In women with unilateral defect, however, the 
defect was on the right side in 12 cases (40%) and on 
the left side in 18 cases (60%). Therefore, there was a 
significant relationship between the side with PAT and 
sex (p=0.026).

The relationship between defect structure 
(unilocular and multilocular) and sex

22 cases (52.4%) of unilocular defect and 20 cases 
(47.6%) of multilocular defect were observed in men. 
In women, 21 cases (52.5%) of unilocular defect and 
19 cases (47.5%) of multilocular defect were observed. 
Therefore, there was no significant relationship between 
defect structure and gender (p=0.991).

The relationship between PAT structure (unilocular 
or multilocular) and the side with defect in people 
with unilateral defect

In the right side, 11 cases (64.7%) had unilocular defect 
and 6 cases (35.3%) had multilocular defect. In the left 
side, however, 27 cases (58.7%) had unilocular defect 
and 19 cases (41.3%) had multilocular defect. Based on 
Chi-square test, there was no significant relationship 
between unilocular or multilocular defect and the side 
involved (p=0.665). 

DISCUSSION 

The growth of air cells prior to formation of bone 
cavity is a natural physiological process associated with 
perieosteal activity [15]. 

Diagnosis of PAT is important because this defect 
facilitates the spread of various pathologies including 
tumor, inflammation and fractures to the joint due to 
decreased bone resistance. In cases requiring articular 
eminence surgery, PAT may complicate the condition [18].

articular tubercle) were observed in radiographs. These 
82 cases belonged to 42 men (51.2%) with a mean age 
of 28 ± 13.13 and 40 women (48.8%) with a mean age of 
28.5 ± 16.7 years. The mean age of all people with defect, 
regardless of sex, was 28.3 ± 14.9 (2 to 70 years old). In 
these cases, unilateral or bilateral PAT, the side involved 
with PAT in unilateral cases and internal structure (multi- 
or unilocular defect) were investigated. Assuming that 
the studied population is an example of total number of 
patients referring to the Department of Radiology, the 
results were analyzed. First, normal distribution of age 
data was investigated using the Shapiro-Wilk test; it was 
determined that data distribution does not follow the 
normal distribution.

The highest frequency of PAT was observed in people 
younger than 20 years old (Figure 5).

Figure 5: Histogram of age of cases with PAT

Sex

PAT was observed in 42 men (51.2%) and 40 women 
(48.8%). According to Chi-square test, there was no 
significant difference between men and women in terms 
of presence of PAT (p=0.825).

Unilateral and bilateral defect

PAT was unilateral in 63 cases (76.8%) and bilateral in 
19 cases (23.2%). According to Chi-square test, there 
was a significant difference in frequency of unilateral 
and bilateral cases (p<0.001).

Side engaged in unilateral cases

Out of 63 unilateral defects, 17 cases (27%) were on 
the right side and 46 cases (73%) were on the left side. 
In unilateral defects, according to the Chi-square test, 
frequency of left defects was significantly higher than 
the right side (p<0.001).

Defect structure

In 43 cases (52.4%), this defect was unilocular and 
multilocular in 39 (47.6%) cases. According to Chi-
square test, there was no significant difference between 
frequency of unilocular and multilocular defects 
(p=0.659).

In the group with unilateral defect, 33 cases (52.4%) 
were male and 30 cases (47.6%) were female. In the 
group with bilateral defect, 9 cases (47.4%) were 
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PAT may be considered as spread of mastoid air 
cells. Bronoosh et al. showed that the presence of 
PAT is significantly correlated with higher levels of 
pneumatization in other parts of the temporal bone, 
particularly petrous apex [19].

Panoramic radiography is a useful tool for detecting PAT. 
In recent studies, computed tomography (CT) and CBCT 
have been considered as selective method for evaluating 
bone structures and air cells in the skull [13,15]. Due 
to low cost, ease of use, wide access, low radiation 
dose and a good view of articular eminence, panoramic 
radiography is considered as the primary method for 
diagnosis of PAT [16,17].

Several studies using panoramic radiography have 
reported the frequency of PAT between 1% and 2.6% 
[7,12,17,19,20], which is consistent with our findings. 
PAT frequency was estimated at <5% in studies using 
panoramic radiography. The only exception was two 
studies [2,13], reporting >5% frequency of PAT in 
panoramic images. The reason for the difference in 
results of these two studies with the present study may 
be related to their smaller sample sizes (about 1/2 and 
1/4 of our sample size, respectively).

Studies using CBCT images have reported 5%-
51.8% frequency of PAT [10,14,15,17,19]. The higher 
frequency of PAT in these studies may be due to CBCT 
technique, which allows three-dimensional analysis. 
CBCT application provides more detail due to display of 
medial part of articular eminence and may increase the 
percentage of PAT diagnosis [14]. 

But two other studies [2,17] estimated PAT frequency 
in CBCT images in the range of results from panoramic 
images. In these studies, the mean frequency of PAT 
observation was slightly more than panoramic images. 
CBCT may be better than panoramic radiography only in 
diagnosis of small, non-clinically significant, air cells.

Some studies [21-24] have indicated a higher frequency 
of PAT in patients with temporomandibular joint 
disorder (TMD) and malocclusion compared to normal 
population. 

In the present study, the mean age of subjects with PAT 
was 28.3 ± 14.9 years and the highest frequency of PAT 
was observed in subjects younger than 20 years. The 
mean age of subjects with PAT in other studies is between 
30 and 48 years [5,12,14,15,20]. The reason for the high 
mean age of subjects with PAT in these studies is that 
children were excluded with the explanation that PAT 
occurs only after puberty [13,14,16]. Pneumatization of 
mastoid process is often completed at the age of five, but 
air cells may continue to expand until puberty. The age at 
which pneumatization of air cells occurs in the articular 
region remains unknown, although studies have shown 
that pneumatization of accessory air cells can begin 
before puberty [10].

In the present study, the youngest person with PAT was 
2 years old. The age of the youngest person with PAT in 
other studies [6,7,14,15,20,25,26] was 4-11 years old, 
confirming that pneumatization of accessory air cells 
can begin before puberty.

In the present study, the age range of patients with PAT 
was 2 to 70 years, indicating wide range of age in PAT 
involvement. Similarly, other studies also reported a 
large age range [6,10,13-16].

The previous studies reported a mean ratio of women 
to men with PAT at 1.1:1 [7,13,26] that is in accordance 
with our findings (0.95:1). Moreover, there was no 
significant difference between men and women in 
terms of PAT. This result was similar to other studies 
[2,7,10,15-17,21,25,26]. Unlike the current study, İlgüy 
et al. reported a higher prevalence of PAT in women 
(73.6%) than men (51.3%) (1.43:1) [14]; this difference 
may be due to the difference in imaging used (CBCT), 
difference in the population studied and difference in 
the sample size.

Different studies have reported the ratio of unilateral 
PAT involvement to bilateral involvement at 2.4:1, on 
average [2,5,7,13,15,20]. In the present study, frequency 
of unilateral PAT (77%) was significantly more 
than bilateral type (23%) and the ratio of unilateral 
involvement to bilateral involvement was estimated at 
3.34:1, which is consistent with above studies.

The results of this study indicated that frequency of left-
sided lesions (73%) was statistically higher than the 
right side (27%) in cases of unilateral involvement. The 
results of various studies are contradictory in this regard 
[7,20,27].

In the present study, there was no significant difference 
between the frequency of unilocular and multilocular 
defects. Consistent with this study, Miloglu et al. [13] 
and Shokri et al. [15] reported no significant difference 
between the frequency of unilocular and multilocular 
defects. In terms of pneumatization structure, most 
researchers reported almost identical distribution of 
unilocular and multilocular defects [7,16,20]. Except 
Ladeira et al. [17] and İlgüy et al. [14], reported the 
prevalence of multilocular defect (98.7% and 86.1%) 
was higher [17]. The reason for the difference in these 
studies with current study may be due to differences in 
the technique used, the difference in sample size, the 
difference in the population studied, or the difference 
between the observers [14].

LIMITATIONS

Panoramic radiography has limitations such as 
superimposition of adjacent structures, distortion and 
low resolution. CBCT has overcome superimposition and 
therefore it is an ideal imaging modality for evaluating 
skull base airspace.
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IMPLICATIONS

1. Due to higher accuracy of CT scan images and CBCT 
compared to panoramic imaging, future studies 
are suggested to use these imaging modalities in 
PAT evaluation, particularly for three-dimensional 
analysis of mediolateral and buccolingual dimensions.

2. Some studies have indicated a higher incidence of PAT 
in patients with TMD. The design and implementation 
of longitudinal studies is recommended to investigate 
this. 

CONCLUSION

Unlike many anatomical variations which occur 
bilaterally and symmetrically, the frequency of unilateral 
PAT is greater in the Iranian population, making it more 
difficult for doctors to diagnose. Moreover, incorrect 
diagnosis of PAT can lead to unnecessary referrals and 
unwanted complications during surgery. 
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