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Abstract
Objectives  The aim of this study was to evaluate, using cone-beam computed tomography (CBCT), the relationship of 
persistent foramen tympanicum (PFT) with degenerative changes in the temporomandibular joint (TMJ) and the presence 
of pneumatized glenoid fossae and articular eminences.
Method  Two experienced oral and maxillofacial radiologists evaluated 510 CBCT scans, from which 94 patients were 
divided into two groups: G1—patients with PFT and G2—control group. The location of the PFT, presence, or absence 
of degenerative TMJ changes and morphology were evaluated. Similarly, all images were evaluated for the presence of 
pneumatized articular eminence and glenoid fossa. The Chi-square test and Fisher’s Exact test were used for the categorical 
variables. A multinomial logistic regression model was performed for subgroup analysis. To assess the estimation-chance 
occurrence of TMJ alterations the Odds Ratio analysis was used.
Results  Statistically significant results were found for erosion, planning, and subchondral cyst. Regarding TMJ morphology, 
significant results were found for: round, flat, and others. Moreover, it was possible to observe that patients who had the PFT 
were approximately 48 times more likely to manifest TMJ alterations and approximately 3 times more likely to manifest 
articular eminence pneumatization.
Conclusion  Since individuals who have FTP have a greater chance of having TMJ and PEA changes, it is important for the 
dental radiologist to be aware of these signs in CBCT scans for a correct diagnosis.
Trial registration number  CAAE: 34328214.3.0000.0104 (11/30/2014).
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Introduction

The foramen tympanicum (FT), also known as the foramen 
of Huschke, described for the first time in 1889 by Emil 
Huschke, is an anatomic variation that affects adult individu-
als [1–4]. Usually, it is present in newborns and closes at 
around 5 years of age [5], but, in some cases, it may persist 
till adulthood, considered then an anatomic anomaly, par-
ticularly known as persistent foramen tympanicum (PFT) 
in adults [6–8].

This structure is found in the tympanic plaque of the tem-
poral bone, in the anteroinferior region of the external acous-
tic meatus (EAM), posteromedial to the temporomandibular 
joint (TMJ), connecting the EAM with the glenoid fossa, 
where the TMJ is located [1, 2, 9].

The cause for PFT is uncertain, but some factors such as 
gender, age, ethnicity, and craniofacial discrepancies seem 
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to be associated [3, 10–12]. Commonly, this anatomic vari-
ation is asymptomatic, hence neglected [9]. However, some 
authors attribute its persistence to the appearance of altera-
tions like fistula and TMJ herniation, infectious arthritis, ear 
external, and medial inflammation [2]. Besides that, there is 
also the possibility of facilitating the propagation of infec-
tions and neoplastic cells from the EAM to the infratemporal 
fossa [4, 13].

It was observed in the scientific literature that the use of 
panoramic radiographs makes it impossible to identify the 
FT, since it is an examination that causes superimpositions 
in adjacent structures, such as the temporal bones [14]. That 
being said, when the visualization of EAM and medial ear 
structures is essential, CBCT scans are considered the best 
option [15]. For this reason, CBCT is an extremely valid 
option for FT analysis, seeing that, depending on the field of 
view (FOV) used, it allows the visualization of a greater area 
of the facial skeleton, beyond the limits of any radiograph, 
or even a small focused area of clinical interest, without the 
structures overlapping [6].

Given that the persistence of this foramen in adulthood 
may be related to various issues in adjacent structures [2, 
4, 13], the acknowledgment of this anatomic anomaly is 
extremely important for doctors, dentists, and radiologists. 
The comprehension of this variation could help discover the 
origin of complications in the region, making it easier to 
diagnose and also direct the treatment, when necessary [4, 
16].

There may be a possibility of changes in the bone struc-
tures in the TMJ region, due to recurring infections and local 
inflammations. Nevertheless, as analyzing the scientific lit-
erature, not many studies have been found evaluating the 
correlation between inflammation’s persistence because of 
regional morphologic alterations [17].

Therefore, the objective of this study is to evaluate the 
relationship between PFT with the TMJ degenerative altera-
tions, the presence of pneumatization of the glenoid fossa 
and the articular eminence and the mandibular condyle’s 
morphology. The null hypothesis established is that PFT is 
not associated with the TMJ, degenerative alterations, the 
presence of pneumatized glenoid fossa (PGF) and pneuma-
tized articular eminence (PAE) or the mandibular condyle’s 
morphology.

Materials and methods

Ethical approval

This project was sent and approved by the Standing Eth-
ics Committee in Research Involving Human Beings of 
the State University of Maringa under the number CAAE: 
34328214300000104.

Sample

The present study, of observational and retrospective 
character, used CBCT scans performed at the Clinical 
Research Image Laboratory (CRIL), of the Health Tech-
nology Centre (HTC), of the Complex of Research Support 
Centers (CRSC) of the State University of Maringa. The 
images were performed by a professional specialist in Oral 
and Maxillofacial Radiology. The images were obtained 
by the equipment i-CAT Next Generation® (Imaging Sci-
ences International, Hatfield, PA, EUA), 300 µ of isomet-
ric voxel, FOV  of 17 × 23 cm, tube tension of 120 kVp, 
and tube current of 3–8 mA.

The sample consists of 510 CBCT scans, performed 
from 2014 to 2019. The inclusion criteria were: patients 
with PFT, scans that included the ear and the TMJ region 
and scans where patients were in maximum intercuspation 
[16]. The exclusion criteria were: patients under 18, with 
history of TMJ surgical procedures, orthognathic surgery, 
facial traumas, craniofacial syndromes, orofacial pain, and 
other maxillofacial pathologies [16].

Database evaluation

Every evaluation was performed independently by two 
examiners, of the oral and maxillofacial radiology area, 
who registered the presence or absence of alteration in 
each TMJ. Previous to the analysis, 10% of the sample 
was used for randomized calibration. The evaluations were 

Fig. 1   A Foramen tympanicum (sagittal reconstruction); B Foramen 
tympanicum (axial reconstruction)
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performed in duplicate with a 2-week pause and only 10 
scans were examined each day to avoid eyestrain. In cases 
of divergence between the classifications, a third evaluator 
was consulted.

The evaluations were performed in a silent and low-
light environment. The software CS 3D Suite Imaging 
(Carestream Dental LLC Atlanta, GA, USA), in a com-
puter with Original Windows 11 Home Single Language 
(Microsoft Corp., Redmond, A, EUA), Intel® Core™ 
i5-10300H 10th generation (Intel Corporation, EUA), 
NVIDIA® GeForce® GTX 1650TI GPU (4 GB GDDR5) 
(NVIDIA Corporation, EUA) and a 15.6" Full HD 120 Hz 
65% sRGB screen was used.

Tools such as contrast and brightness were adjusted as 
needed to guarantee an ideal visualization in the software. 
The data concerning gender (male and female) and age 
was collected. The CBCT scans were analyzed searching 
for the existence of FT, presence or absence of TMJ altera-
tions and the alterations found [11]. Besides that, it evalu-
ated the presence of PAE and PGF, uni or multilocular. 

The morphology of the mandibular condyle was also veri-
fied, being classified in convex, round, plain or angled.

Evaluation of the presence of the foramen 
tympanicum

Out of 510 analyzed CBCT scans, 47 showed PFT and 
formed the first group (G1), next to it, 47 scans of patients 
who did not present PFT were randomly selected (Fig. 1), 
to form the control group (G2), making the total number of 
94 CBCT scans. The identification of PFT was performed in 
the axial, coronal and sagittal reconstructions [11]. When the 
FT was present, the prevalence was calculated in relation to 
the degenerative alterations of the TMJ, the presence of PGF 
and PAE and the morphology of the mandibular condyle.

Evaluation of the mandibular condyle

The mandibular condyles were examined according to 
the criteria of diagnosis Research Diagnostic Criteria for 

Fig. 2   A Condylar flattening (parasagittal reconstruction); B Sub-
chondral cyst (paracoronal reconstruction); C Condyle with osteo-
phyte (parasagittal reconstruction); D Condylar subcortical sclerosis 

(parasagittal reconstruction); E Condylar erosion (parasagittal recon-
struction); F Condylar hypoplasia (parasagittal reconstruction) and G 
Bifid head of the mandible (paracoronal reconstruction)
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Temporomandibular Disorders (RDC/TMD) published in 
1992 by Samuel F. Dworkin and Linda LeResche [18]. That 
way, they were classified according to the following altera-
tions and/or imaging findings (Fig. 2):

1.	 flattening;
2.	 formation of osteophytes or loose joint bodies;
3.	 erosion, deviation in shape;
4.	 subcortical sclerosis;
5.	 generalized sclerosis;
6.	 subcortical cysts;
7.	 hyperplasia or hypoplasia of the condyle;
8.	 bone ankylosis.

In case of condyle hyper or hypoplasia, the morphology 
is within normality, but its size is bigger or smaller, respec-
tively [7]. The deviation in shape is defined as a shape altera-
tion non attributable to flattening, such as erosive alterations, 
osteophytes, hyperplasia, or hypoplasia [7]. To ratify the 
presence of all these characteristics, hard-tissue alterations 
were observed in at least two consecutive sections.

The evaluation of the morphology of the mandibular con-
dyle was performed from the coronal sections and classified 
as convex, round, plain, angled and other.

No examples of loose joint bodies, condylar hyperplasia, 
or bone ankylosis were found in this study.

Evaluation of the presence of pneumatized articular 
eminence and roof of glenoid fossa

The presence and frequency of PAE and the roof of the gle-
noid fossa were also evaluated. For that, the analysis was 
performed in both the right and left TMJ of each patient. 
The axial, coronal, and sagittal reconstructions were used 
for visualization.

The diagnosis of PAE was made only when the following 
characteristics were found in the image [19, 20] a hypodense 
area in the zygomatic process of the temporal bone with 
an appearance similar to that of mastoid air cells, extend-
ing anteriorly to the articular eminence, but no further from 
the zygomatic-temporal suture, without augmentation or 
destruction of the zygoma cortices. The PGF was consid-
ered when the radiolucent defect was located in the roof of 
the glenoid fossa, above the condyle (Fig. 3).

The pneumatization was also classified as unilocular (a 
single oval and hypodense defect with well-defined limits) or 
multilocular (numerous minor-hypodense cavities) (Fig. 3).

Statistical analysis

A descriptive statistical analysis was initially performed to 
extract the initial data information. The Chi-squared test and 
the Fisher exact test were used for the categorical variables. 

Fig. 3   A absence of pneumatization in the articular eminence and 
in the roof of the glenoid fossa (parasagittal reconstruction); B mul-
tilocular pneumatization of the roof of the glenoid fossa (parasagit-
tal reconstruction); C unilocular pneumatization of the glenoid fossa 

(axial reconstruction); D unilocular pneumatization of the articular 
eminence (parasagittal reconstruction) and E unilocular pneumatiza-
tion of the articular eminence (axial reconstruction)
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A multinomial logistic regression model was used for the 
subgroup analysis. An occurrence Odds Ratio analysis of 
category of j answer in relation to the category r, pj (x)/pr 
(x), j = 1, 2, 3, 4 and r = 5, considering the PFT, was used to 
evaluate the estimative occurrence of TMJ alterations, PAE 
and PGF. The level of significance of 95% was established 
in P value ≤ 0.05.

Results

The age of the participants ranged from 18 to 65 years of 
age. The average age of the group with PFT was 41.21 
(± 16.20) years. The age average of the control group was 
40.10 (± 13.05) years. In the male group, 36 participants 
were allocated, with 12 (25.53%) belonging to the group 
with PFT and 24 (51.06%) belonging to the control group, 

totaling 38.30% of the sample. In the female group, 58 
participants were included, with 35 (74.47%) in the PFT 
group and 23 (48.94%) in the control group, accounting 
for 61.70% of the total sample (Table 1).

In Table 2, it is noticeable the significant differences 
between the presence of TMJ alterations and PAE of indi-
viduals from groups G1 and G2 (P value < 0.0001). How-
ever, there was no significant difference related to PGF.

Table  3 shows there were significant differences 
between the type of TMJ alterations of individuals with 
PFT (G1) and control group (G2), being more frequent in 
the group with PFT. The alterations which had statistically 
significant results were: erosion (P < 0.0001), flattening 
(P < 0.0001), and subchondral cyst (P = 0.0007).

Table 1   Gender distribution in the groups

*G1: PFT group. G2: control group

Gender G1 G2 Total n 94 (100%)
N = 47 (50%) n 47 (50%)

Masculine 12 (25.53) 24 (51.06) 36 (38.30)
Feminine 35 (74.47) 23 (48.94) 58 (61.70)
Total 47 (100) 47 (100) 94 (100)

Table 2   Relation of the presence of TMJ alterations, presence of PAE 
and PGF in patients with PFT and patients without PGF

G1: PFT group. G2: control group
PAE pneumatized articular eminence, PGF pneumatized glenoid 
fossa
*P value considered significant if ≤ 0.05
a Chi-squared test

TMJ alteration G1 G2 Chi2 P value
n 47 (50%) n 47(50%)

Presence 46 (97.87) 23 (48.94) 28.82  < 0.0001*,a

Absence 1 (2.12) 24 (51.06)
Total 47 (100) 47 (100)
PAE G1 G2 Chi2 P value

n 47 (50%) n 47(50%)
Presence 22 (46.80) 10 (22.30) 6.82 0.009*,a

Absence 25 (53.20) 35 (77.70)
Total 47 (100) 47 (100)
PGF G1 G2 Chi2 P value

n 47 (50%) n 47(50%)
Presence 21 (44.7%) 24 (51.06) 0.38 0.535
Absence 26 (55.21) 23 (48.940)
Total 47 (100) 47 (100)

Table 3   Relation of the presence of TMJ alteration types in regards to 
TMJ with PFT and TMJ without PFT

G1: PFT group. G2: control group
TMJ temporomandibular joint
*P ≤ 0.05 (statistically significant)
a Chi-squared test
b Fisher exact test

TMJ alteration G1 G2 Chi2 P value
n 94 (50%) n 94 (50%)

Erosion 43 (35.25) 5 (14.28) 40.39  < 0.0001*,a

Flattening 45 (36.88) 14 (40) 23.7  < 0.0001*,a

Osteophytes 21 (17.21) 13 (37.14) 2.29 0.129a

Sclerosis 5 (4.10) 2 (5.72) – 0.22b

Hypoplasia of the 
condyle

1 (0.82) 1 (2.86) – 0.751b

Subcortical cyst 7 (5.74) 0 (0) – 0.0007*,b

Total 122 (100) 35 (100)

Table 4   Relation of TMK morphology in patients with PFT and 
without PFT

G1: PFT group. G2: control group
PAE pneumatized articular eminence, PGF pneumatized glenoid 
fossa
*P ≤ 0.05 (statistically significant)
a Chi-squared test
b Fisher exact test

Morphology G1 G2 Chi2 P value
n 94 (50%) n 94 (50%)

Convex 55 (58.51) 44 (46.80) 2.58 0.108a

Round 15(15.96) 32 (34.04) 8.19 0.0042*,a

Plain 16 (17.02) 7 (7.45) 4.01 0.045*,a

Angled 7 (7.45) 4 (4.25) – 0.268b

Other 1 (1.06) 7 (7.45) – 0.032*,b
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In Table 4, it is observed that there is a predominance of 
the convex type in both groups, with a statistically significant 

difference for morphology types round and plain (Table 5).
To obtain Odds Ratio estimates, both G1 and G2 indi-

viduals were considered (Table 6).
In Table 6, it is observed that there is a superior propor-

tion of G1 patients presenting TMJ alteration and PAE, veri-
fying (OR = 48.94 and OR = 3.25, respectively) the greater 
chance of presenting alterations (48 times more chance of 
presenting TMJ alterations and approximately 3 times more 
chances of presenting PAE). As to the PGF (Odds Ratio) 
occurring chances between G1 and G2 individuals, there 
were no statistically significant differences (OR = 0.679).

Discussion

The present study had as an objective the evaluation of 
CBCT scans for the relationship between PFT and TMJ 
degenerative changes (erosion, flattening, osteophyte, scle-
rosis, condylar hypoplasia, and subchondral cyst), presence 
of PAE, PGF, and mandibular condyle morphology.

Some authors suggest that individuals with facial skeletal 
patterns class II and III present with some degenerative joint 
diseases and/or signs and symptoms of temporomandibular 
disorder (TMD) with a significant major frequency [20, 21], 
making it necessary to perform TMJ procedures with major 
frequency in these individuals [22]. Alternatively, the pres-
ence of FT and pneumatized TMJ osseous components may 
be considered as potential complicating factors in clinical 
and surgical procedures in the temporal bone region, which 
reinforces the importance of acknowledging this alteration in 
imaging examination [16], as well as the pneumatized TMJ 
osseous components [8].

It is known that several studies have evaluated the pres-
ence of FT using dry skulls [16, 23–25]. These analyses 
were made visually, presenting a prevalence of 4% to 16% 
[16, 23–25]. Other studies, performed PFT evaluations 
from imaging scans [4, 11, 16, 26] Using helical computed 
tomography, it was found around 13% of prevalence of this 
alteration [4], but within CBCT studies, this number var-
ied from 3 to 22% [11, 16, 26]. Recently, the research from 
Herreira-Ferreira et al. evaluated the PFT from CBCT scans 
and found a prevalence of 9.7% in a sample with over 500 
patients [16].

Since the panoramic radiograph is not indicated for PFT 
evaluation [14], and is not the ideal examination for evalua-
tion of the TMJ region, the present study used CBCT scans 
for analysis. This imaging exam provides high resolution, 
which permits evaluation of multiplanar reconstructions 
(axial, sagittal and coronal), it eliminates the superimposi-
tion of other anatomic structures and distortions. In com-
parison with helical tomography, CBCT presents a lower 
cost, less acquisition time and radiation doses [11, 26]. This 

Table 5   Relation of the type of PAE and PGF in patients with PFT 
and without PFT

G1: PFT group. G2: control group
PAE pneumatized articular eminence, PGF pneumatized glenoid 
fossa
*P ≤ 0.05 (statistically significant)
a Chi-squared test
b Fisher exact test

Type of PAE G1 G2 Chi2 P value
n 94 (50%) n 94 (50%)

Unilocular 4 (4.25) 5(5.32) – 0.5002

Multilocular 22(23.41) 8(8.51) 7.77 0.005*,a

Absence 68 (72.34) 81(86.17) 5.46 0.019*,a

Total 94 (100) 94 (100)
Type of PGF G1 G2 Chi2 P value

n 94 (50%) n 94 (50%)
Unilocular 4 (4.25) 18 (19.15) – 0.500b

Multilocular 34 (36.18) 27 (28.72) 7.77 0.005*,a

Absence 56 (59.57) 49 (52.14) 5.46 0.019*,a

Total 94 (100) 94 (100)

Table 6   Estimates of occurrence chance of TMJ alterations, PAE 
and PGF, considering PFT and no PFT groups. [Odds Ratio analysis 
(OR)]

G1: PFT group. G2: control group
TMJ temporomandibular joint, PAE pneumatized articular eminence, 
PGF pneumatized glenoid fossa
*Significant P value if ≤ 0.05

TMJ alteration Groups Odds (95% CI) P value

G1 G2 Total

n 47 n 47 N 94

Presence 46 23 69 48.94 (6.10–377.39) 0.0001*
Absence 1 24 25
Total 47 47 94
PAE Groups Odds (95% CI) P value

G1 G2 Total
n 47 n 47 N 94

Presence 22 10 32 3.25 (1.31–8.036) 0.016*
Absence 25 37 62
Total 47 47 94
PGF Groups Odds (95% CI) P value

G1 G2 Total
n 47 n 47 N 94

Presence 21 24 45 0.77 (0.34–1.74) 0.679
Absence 26 23 49
Total 47 47 94
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technology is considered the gold standard for the TMJ and 
tympanic region osseous components [26].

In this study, it was observed that there was a predilection 
of PFT for females, which composed about 74% of the sam-
ple. This data agrees with the findings of scientific literature 
[3, 4, 11, 13, 16, 25, 26]. According to some authors, this 
prevalence to females may be explained due to the structural 
growth pattern being different between genders [1, 13].

No studies were found in the scientific literature that 
correlated PFT with TMJ alterations, ATM morphology, 
PAE and PGF from a pre-selected sample. This study per-
formed all of these correlations. Statistically, this research 
has found a correlation between PFT and TMJ changes, in 
which 97.87% of individuals (n = 46) presented some kind 
of alteration, which is statistically significant (P < 0.0001) 
in comparison to group G2 (n = 23).

The findings of this work corroborate with Hasani et al. 
who found in a TMD patient a greater prevalence of FT 
(3.4%) in comparison to patients without TMD (0.8%). 
According to the author, this greater prevalence of FT in 
TMD patients may suggest a possible mechanism to TMJ 
disturbance development, which may be affected by the 
presence of FT [27]. In this work, by analyzing the chances 
of these individuals with PFT of presenting with TMJ 
changes, it was found that there is 48.94 times more chances 
(P = 0.0001) of occurrence than in group G2, according to 
this theory.

Among the found alterations, the flattening occurred in 
45 TMJs (36.88%, P < 0.0001) followed by 43 TMJs with 
erosion (35.26%, P < 0.0001), it is statistically significant 
when compared to group G2 (n = 14 e n = 5, respectively). 
These results corroborate with the findings of Mathew et al., 
Shahab et al., Belgin et al. and disagree with Nah which 
related sclerosis to be the most common osseous alteration 
followed by erosion and according to Çakur et al. erosion 
followed by sclerosis [28–32].

Through the years, the causes and primary physiopa-
thology of TMD has been a controversial subject [27]. It is 
suggested that besides PFT, a possible association between 
occlusal factors (bruxism and clenching), psychologic fac-
tors (depression and anxiety), hormonal factors (estrogen 
receptors in female TMJ), and trauma [33–35]. In the litera-
ture, there are reports of patients with existing TMJ symp-
toms without history of trauma or surgery, and in CBCT 
scans showing TMJ herniation from FT to EAM [36, 37]. 
According to some authors this herniation of the TMJ soft 
tissues to EAM may be associated with PFT and may be a 
predisposing factor to TMD [32, 38–40].

The pre-surgical detection of FT presence is of great 
importance to doctors and oral and maxillofacial surgeons 
who perform ear and TMJ surgery [27]. During TMJ 
arthroscopy, endoscopes smaller than 3 mm in diameter can 

penetrate the FT and cause a series of complications, includ-
ing injury to the tympanic segment of the facial nerve [41].

It is noticeable that, even though this subject is of extreme 
importance, literature is short of studies about the presence 
of FT in TMD patients, the relations between TMJ abnor-
mality is not clear, therefore, requiring more studies and 
awareness of the possible occurrence of TMD where FT is 
present [27].

As to the mandibular condyle morphology, it was found a 
great occurrence of the convex type for group G1 (58.51%, 
n = 55) as for group G2 (46.80%, n = 44). It is possible to 
speculate to the present moment that FT presence does not 
interfere with mandibular condyle morphology.

In CBCT studies, Miloglu et al., Rezende Barbosa et al. 
and Khojastepour et al. found varied prevalence rates of 
PAE (between 8% and 76.7%), without having compared 
PFT [20, 42, 43]. In this study, the G1 group individuals 
presented 46.80% (n = 22) of PAE, while group G2 pre-
sented 22.30% (n = 10), showing statistical significance 
(P = 0.009). As a consequence of the values found, it is pos-
sible to infer that the chances of an individual who has FT 
is 3.25 times (P = 0.016) greater than an individual with-
out FT to have PAE. The found data corroborate with Koç 
et al. as they studied the FT prevalence and analyzed its 
association with pneumatization volume in the anterior part 
of the mastoid segment [20]. It was found that FT patients 
had a significantly greater pneumatization volume of the 
mastoid segment than the control group. If followed, this 
logic may explain the occurrence of pneumatization in PFT 
individuals.

When PAE was present, the similarity of some previous 
studies [8, 20, 22], the multilocular type mostly found in 
group G1 (23.41%, n = 22). This difference is statistically 
significant (P = 0.005) in group G2 (8.51%, n = 8). Accord-
ing to Tyndall and Matteson, a possible explanation for this 
major occurrence of pneumatized articular eminence is 
the fact that it is adjacent to the mastoid process, in which 
pneumatization is multilocular. This also explains the major 
occurrence of the multilocular type [19].

Furthermore, when it comes to PGF, it was only evalu-
ated in the most recent studies, since it became possible 
due to the advent of CBCT [20]. Its major prevalence 
was reported in the study of Chicarelli et al. which found 
pneumatization in 62.9% of the cases [8]. In the present 
study, PGF prevalence was 44.7% (n = 21) in group G1 and 
51.06% (n = 24) in group G2. No statistically significant 
difference was found. When present, in group G1 (36.18%, 
n = 34) and group G2 (28.72%, n = 2), the multilocular type 
was the most found, being compatible with the findings of 
other studies [8, 20]. The results show that the chances of 
an individual with PFT regardless PGF are the same as an 
individual without PFT (Odds Ratio = 0.77). These data 
reinforce the importance of knowing pneumatization can 
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also occur in the glenoid fossa and present the same clini-
cal implications [20].

These results found concerning the occurrence of 
pneumatization are important not only in cases of surgi-
cal necessity but also due to the fact that these anatomic 
variations may facilitate the propagation of tumors, inflam-
mations, and increase the risk of fractures, because of the 
reduced resistance of these structures [20].

Finally, intra-articular inflammatory or non-inflam-
matory diseases can contribute to joint damage. In this 
sense, studies conducted with magnetic resonance imag-
ing (MRI), may be able to reveal more details in hard and 
soft tissue.

The limitations of this study include its retrospective 
characteristics and clinical aspects. Hormonal disorders 
such as menopause and pregnant patients, osseous altera-
tions such as osteopenia, osteoporosis, calcium metabo-
lism abnormalities, which could not be screened in these 
patients can influence joint pathologies. Although every 
effort has been made to minimize or avoid any type of 
biases, prospective studies are needed to investigate these 
associations. Furthermore, the development of clinical 
studies is opportune to deepen the knowledge of the reason 
why these TMJ alterations and articular eminence pneu-
matization happen more frequently in patients with PFT.

Conclusion

From the results, it is possible to conclude that individuals 
with PFT have greater chance of developing TMJ alterations 
and PAE. Besides that, there does not seem to be a correla-
tion between PFT and mandibular condyle morphology or 
PGF. Hence, it is important that the radiologist is attentive 
to these signs in CBCT exams to diagnose correctly.
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