
Background: Detection of air cavities, so called pneu-
matizations, nearby to the temporomandibular joint 
(TMJ) area is important, as they represent sites of 
minimal resistance and facilitate the spread of various 
pathologies into the joint as inflammation, tumor or 
fractures and serve as a possible complicating factor in 
TMJ surgery.
Aims: To determine the prevalence of pneumatization 
of the articular eminence (PAT) and roof of the glenoid 
fossa (PRGF) using cone-beam computed tomography 
(CBCT).
Study Design: Cross-sectional study.
Methods: Acquired images of 111 patients (222 
TMJs) were evaluated. The presence of pneumatiza-
tion was recorded at the articular eminence and roof 
of the glenoid fossa. Age and gender were recorded 
for all patients and type (unilocular or multilocular) 

and laterality were noted for the cases of pneumatiza-
tion.
Results: The mean age of the study group was 
48.86±18.31 years. Among all the patients, 73 (65.8%) 
had PAT, while 13 (11.7%) had PRGF. Forty-two 
(37.8%) of the patients had PAT bilaterally; whereas 
3 of them (2.7%) presented PRGF bilaterally. The per-
centage of PAT was higher for females (73.6%) than 
males (51.3%) (p<0.05).
Conclusion: CBCT images are an accurate and reli-
able means of detection of the exact size and type of 
pneumatization and the relationship of pneumatization 
to the adjacent tissues. This is especially significant be-
fore a surgical intervention is planned in this region, in 
order to make a sound diagnosis.
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Pneumatizations are air filled cavities that are commonly 
found in the skull. When they exist within the zygomatic pro-
cess of the temporal bone, they are known as the pneumatized 
articular eminence (PAT) and the roof of the glenoid fossa 
(PRGF) (1, 2). There is wide variability in the extent of tempo-
ral aeration. In some patients, air cells are limited to the roof of 
the temporomandibular joint (TMJ) fossa, whereas they extend 
into the articular eminence in others (1, 3). The air cells in the 
root of the zygomatic arch and in the articular eminence of the 
temporal bone were defined as PAT by Tyndall and Matteson 

(4). Detection of these air cavities close to the TMJ is impor-
tant as they represent sites of minimal resistance and facilitate 
the spread of various pathologies into the joint as inflammation, 
tumor or fractures (1). In previous studies, conventional imag-
ing techniques, which were taken during routine examination, 
were mostly used to evaluate these defects (5-9). As is already 
known, these techniques are inadequate for TMJ imaging be-
cause of the anatomical complexity of this region. Cone beam 
computed tomography (CBCT) has recently been developed as 
an alternative imaging technique to conventional CT for dental 
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and maxillofacial diagnostic purposes. It was shown that CBCT 
gives superior results for TMJ imaging (10).

A review of the published literature revealed that only one 
study has been performed on the prevalence of both PAT and 
PRGF using CBCT (2). The pneumatization of the glenoid 
fossa has the same clinical significance with PAT in the spread 
of pathologies into the joint and as a possible complicating 
factor in TMJ surgery. Thus, further research is necessary to 
determine the prevalence and clinical relevance of these ana-
tomical structures.

The aim of this study was to define the prevalence of PAT 
and PRGF using CBCT.

MATERIALS AND METHODS

The study design received approval from the Ethics Com-
mittee in Research. Using power analysis, the sample size 
was determined as n: 51 where Δ: 0.5, Power: 0.90 and α: 
0.05 for the prevalence of PAT according to gender. Overall, 
111 patients were selected and the selection of the patients 
was made among those with existing CBCT scans in the 
department archive. Thirty-nine of the patients were male, 
while 72 were female. The age of the patients ranged from 
17 to 81 years. Patients with a fracture or pathology in the re-
gion of the articular eminence were not included in the study. 
A CBCT scanner (ILUMA; Imtec Corporation, Oberursel, 
Germany) with an amorphous silicon flat-panel image detec-
tor and a cylindrical volume of reconstruction of up to 19 × 
24 cm was used to take the digital images, at 120 kVp, 3.8 
mA, and a voxel size of 0.2 mm, with an exposure time of 
40 seconds. 3D reconstructions were created by axial CBCT 

scans, reformatted on a local workstation with ILUMA den-
tal imaging software (ILUMA dental imaging software; Im-
tec Corporation, Oberursel, Germany) and the images were 
oriented before measurements. Written informed consent 
was taken from each patient.

Evaluation of the images
A specialist in dentomaxillofacial radiology assessed the 

images in a darkened quiet room with dual monitors (HP 
LP2475W; Hewlett-Packard Company, California, US, reso-
lution 1920 × 1200). One viewing session was limited to 30 
minutes. The contrast and brightness of the images were ad-
justed using the image-processing tool in the software to en-
sure optimal visualization. For the prevention of a possible 
technical error, the same observer evaluated the measurements 
for a second time after two weeks.

The presence of pneumatization was recorded at the articu-
lar eminence and roof of the glenoid fossa. Identification of 
PAT on the images was achieved only if the characteristics de-
scribed by Tyndall and Matteson (4) were found: a radiolucent 
defect in the zygomatic process of the temporal bone with the 
appearance similar to mastoid air cells, extending anteriorly to 
the articular eminence but not beyond the zygomaticotempo-
ral suture, with no enlargement or cortical destruction of the 
zygoma. If the radiolucent defect was located on the roof of 
the glenoid fossa above the condyle, it was defined as PRGF. 
The defects were also classified as unilocular or multilocu-
lar. Unilocular pneumatization was a single radiolucent oval 
defect with well-defined bony borders, whereas multilocular 
pneumatization described numerous radiolucent small cavities 
(Figure 1 a-c). All data were recorded on both sides. Conse-
quently, 222 sites were analyzed. The frequency of pneuma-

FIG. 1. a-c. Sagittal cone beam computed tomography images of a unilocular pneumatized articular eminence (a), a multilocular pneumatized 
articular eminence (b), a multilocular pneumatized roof of the glenoid fossa (c)

a b c
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tization in accordance with gender, age and remaining teeth 
was determined.

SPSS 15.0 (Statistical Package for Social Sciences; IBM, 
New York, USA) for Windows® was used for statistical analy-
sis of the results. The kappa value was used to determine inter-
nal consistency. The chi-square test was used compare to the 
differences between the variables. Significance was accepted 
at p<0.05.

RESULTS

The sample included in this study consisted of CBCT im-
ages of 111 patients and 222 regions of interest (articular 
eminence and roof of the glenoid fossa). The mean age of the 
study group was 48.86 ± 18.31 years. Internal consistency of 
the inter-ratings of the observer for PAT and PRGF were found 
to be 0.79 and 0.83 on CBCT scans.

Seventy-three (65.8%) individuals presented PAT, while 
13 (11.7%) had PRGF. Forty-two (37.8%) of the patients had 
PAT bilaterally, while 3 (2.7%) of them presented PRGF bi-
laterally. Table 1 shows the results for prevalence, distribu-
tion of laterality and type of both pneumatizations on CBCT 
scans. The sample was divided into age groups and there was 
no statistically significant difference between age groups and 
the presence of PAT and PRGF (p>0.05). The percentage of 
PAT was higher for females (73.6%) than males (51.3%) on 
CBCT scans (p<0.05). For PRGF, no statistically significant 
correlation was found with gender. However, no significant 
correlation was found between the PAT/PRGF and the number 
of remaining teeth (p>0.05).

DISCUSSION

The development of air cells is preceded by the formation of 
bone cavities, a normal physiological process related to peri-

osteal activity. Diagnosis of pneumatization of the articular 
eminence and TMJ fossa is important because it is a defect 
that facilitates the spread of various disease processes along 
the joint, including tumors, inflammation, and fractures due 
to minimal resistance (11). Also, in cases where it is necessary 
to surgically manipulate the articular eminence, PAT should 
be considered a complicating factor (4, 12). Determination of 
these structures prior to surgical intervention may be helpful 
in the prevention of possible complications.

Radioanatomical knowledge of the structures provides use-
ful information to understand the spreading pattern and dif-
ferential diagnosis of pathological entities located in this area 
(13). Laderia et al. (2) specifically drew attention to the neces-
sity of awareness regarding this anatomical aberration which 
is also likely to occur in the glenoid fossa as well as the articu-
lar eminence.

It is known that accessory air cells begin to pneumatize after 
puberty and achieve their full size after several years, as is 
the case with proper mastoid air cells. In the present study, 
the mean age of patients with PAT was 48.86 years, which is 
similar to that found in the literature ranging between 43.0 and 
45.9 years (2, 6, 8). In the present study, although pediatric 
patients were not included, the age range was wide (17 - 81 
years), in accordance with other studies (2, 5, 8, 9). In the 
present study in the age group of 17 - 20, only 6 patients had 
PAT and 1 had PRGF. 

The incidence of PAT was previously assessed on panoram-
ic radiographs, and the prevalence was reported to be between 
1% and 3.42% (4, 6, 8, 9, 13, 14). In the literature, a few stud-
ies have assessed the prevalence of PAT on CBCT images (2, 
15). The first study performed by Miloglu et al. (13) reported 
a rate of 8%. The second study by Ladeira et al. (2) also stated 
a higher rate (21.3%). In the present study, the prevalence of 
PAT on CBCT scans was found to be 51.8%.

Previous studies have shown that the unilateral to bilateral 
ratio was 2.5:1 in cases of PAT. In the present study, bilateral 
cases (37.8%) were higher than unilateral ones (27.9%). A 
predisposing factor for pneumatization could not be found in 
this study, as in previous ones.

In terms of the type of pneumatization, most researchers 
found an almost equal distribution of unilocular and multi-
locular types (5, 8, 9, 10, 14, 15), except Orhan et al. (15) 
and Laderia et al. (2), who reported a higher incidence of the 
multilocular type (75% and 98.7%, respectively). The pres-
ent study determined a higher prevalence of the multilocular 
type for PAT (86.1%, Table 1). CBCT was used for this study 
because it shows clear images of air cells in the region of the 
temporal bone and allows accurate anatomical localization. 
CBCT has also shown superior results for imaging the TMJ 
(2, 16, 17). The use of CBCT, which provides more detail, 
increases the percentage of PAT.

  PAT-CBCT PRGF-CBCT 
 Sample n (%) n (%)

Articular eminence and 222 115 (51.8) 16 (72) 
roof of the glenoid fossa

Unilocular  16 (13.9) 12 (75.0)

Multilocular  99 (86.1) 4 (25.0)

Individuals 111 73 (65.8) 13 (11.7)

Unilateral  31 (27.9) 10 (9.0)

Bilateral  42 (37.8) 3 (2.7)

PAT: pneumatization of the articular eminence 
PRGF: pneumatization in roof of glenoid fossa 
CBCT: cone-beam computed tomography 
n: sample size

TABLE 1. Prevalence of pneumatization cases regarding with the 
localization, laterality and type on CBCT images
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In this study, a correlation was found between gender and 
the percentage of PAT, with females (73.6%) being more pre-
disposed than males (51.3%) on CBCT scans. On the other 
hand, no correlation was found for PRGF. These data are not 
consistent with the results of the previous studies, which found 
no difference between females and males (2, 18).

In terms of PRGF, previous studies performed by Laderia et 
al. and Groell et al. reported the prevalence to be 38.3% and 
51%, respectively (1, 2). These studies differ in sample size 
and composition of the populations. In the present study, the 
prevalence was found to be 11.7%. The prevalence reported 
by Groell et al. was higher compared to our results. This dif-
ference might be attributed to the sample source, as Groell et 
al. studied an Austrian population whereas this study included 
Turkish Caucasian patients. Although not as high as that re-
ported by Groell et al., Laderia et al. also reported a higher 
prevalence than the one found in this study. Laderia et al. also 
studied a Caucasian population; however, their results were 
higher than ours. It can be speculated that this result might be 
attributed to the larger sample size of their study.

It is also noteworthy to mention that if a pneumatization is 
observed located in this area, radiolucent lesions of the bone 
should also be taken into consideration. Temporal air spaces 
have been recognized as an important contributor and path in 
suppuration of various pathological processes. Tumors of the 
mastoid process and ear may extend into the TMJ whereas 
otitis media or otomastoiditis may involve the TMJ and can 
even result in ankylosis (19-23).

In conclusion, CBCT images are accurate and reliable 
means to detect the exact size and type of pneumatization and 
their relationship to adjacent tissues. This is especially signifi-
cant before a surgical intervention is planned in this region, in 
order to make a sound diagnosis. Further research is warranted 
in larger populations and specific groups of patients to provide 
a clearer picture of this clinically relevant issue.
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