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Abstract

Background: Temporomandibular joint (TMJ) degeneration is a progressive disorder characterised by structural and functional
deterioration; however, population-specific epidemiological and morphometric data based on cone-beam computed tomography
(CBCT) remain limited for the Bangladeshi population. This study investigated the prevalence of degenerative bony changes in
the mandibular condyle and explored their morphometric alterations and demographic (age and gender) correlations in the
Bangladeshi population.

Methods: Following predefined inclusion criteria, this descriptive study included 15 patients with temporomandibular disorder
(TMD) symptoms in the case group and 15 participants without TMD symptoms in the control group. CBCT was used to evaluate
the following bony changes: erosion, flattening, subchondral sclerosis, osteophytes, and subcortical cysts, and their associations
with age and gender. Condylar head dimensions were compared between the groups to assess morphometric alterations. Statistical
analyses included chi-square tests, t-tests, and Mann-Whitney U tests.

Results: Among the 60 TMJs, erosion (93.3%) was the most common bony change, followed by flattening (53.3%), osteophytes
(43.3%), subcortical cysts (43.3%), and sclerosis (40%). The linear measurements of the condylar head and glenoid fossa were
found not to differ significantly between the case and control groups or between the left and right sides (P>0.05). Females showed
a higher prevalence of sclerosis. However, no significant correlation was found between bony changes and age groups (P>0.05).
Conclusion: The study findings indicate that degenerative bony changes of the condyle may occur independently of clinical
symptoms and age in the Bangladeshi population, highlighting the need for careful evaluation of every CBCT scan that covers the
TMJ. The results may assist Bangladeshi clinicians in refining diagnostic decisions and treatment planning, as well as promoting
radiation safety for patients.
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Introduction movements, facilitating essential jaw functions such as
Thetemporomandibularjoint (TM])isamobilearticulation chewing, swallowing, and speaking"? The TM] and its
between the mandibular condyle and the glenoid fossa of ~ associated structures are crucial for guiding mandibular
the temporal bone, separated by the articular disc. Both movement and distributing the stresses generated by
bony components are covered with thin fibrocartilage. The daily activities.?

condyle-disc complex allows translatory and rotational In contrast, temporomandibular disorder (TMD)
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encompasses conditions characterised by pain and
tenderness in the TMJ or masticatory muscles, often
accompanied by limited or deviated mouth opening,
clickingsounds,and preauricularpain.**Degenerativebone
changes affecting the TM]J structures, including flattening,
erosion, osteophytes, subchondral bone sclerosis, and
subcortical cysts, may frequently be associated with
TMD.% Accordingly, diagnosing degenerative changes
involves clinical examinations and imaging.” Imaging
techniques include Magnetic Resonance Imaging (MRI),
Computed Tomography (CT), cone-beam computed
tomography (CBCT), ultrasonography, and conventional
radiography. Conventional radiography is limited by its
two-dimensional nature, while CBCT and CT effectively
detect bony changes. MRI and ultrasonography are
preferred for evaluating the articular disc.*

On the other hand, CBCT provides detailed multi-
planar images with high resolution and minimal radiation
exposure. With a smaller field of view and voxel size,
CBCT can provide more accurate images than CT for
assessing osseous alterations of the TMJ.!* However, its use
in Bangladesh remains limited compared to CT, possibly
due to the absence of comprehensive studies utilising this
technology to investigate TM] degeneration in the local
population. To our best knowledge, there is no published
consensus on the prevalence of condylar bony changes or
their relationship with age and gender for the Bangladeshi
population. Furthermore, research on morphometric
alterations associated with TMD in this population is
also lacking?

Therefore, this study aimed to fill these gaps by using
CBCT to assess the prevalence of degenerative alterations
in the condylar head, including erosion, flattening,
subchondral sclerosis, osteophytes, and subcortical cysts,
and to examine their morphometric and demographic
correlations within the Bangladeshi population. This study
was conducted to provide population-specific CBCT-
based evidence on degenerative condylar changes in the
Bangladeshi population, thereby improving diagnostic
accuracy and clinical management of degenerative
TM]J disorder.

Methods

Ethical approval had been obtained from the ethical review
board of Shaheed Suhrawardy Medical College Hospital
(Ref: ShSMCH/Ethical/2023/008) and the Universiti Sains
Malaysia (USM/JEPeM/KK/24080711).

Participants

Following Browne’s (1995) recommendations on pilot
study sample size, this study comprised 30 participants
(60 TMJs), with 15 patients per group, a sample size
considered sufficient to assess feasibility and estimate
variability and preliminary effect sizes, rather than to
achieve definitive statistical power.!" The sample was
selected using a non-probability sampling technique from
patients who visited Shaheed Suhrawardy Medical College
Hospital, and were referred for CBCT to ODC imaging

center from 20 November 2023 to 20 December 2023 for
the control group, and from the first 15 patients’ CBCT
data for the case group from the archive scanned before 20
November 2023 using predefined inclusion criteria.

Inclusion Criteria

Case Group (Clinically Symptomatic)-

Patients presenting with chronic temporomandibular

noise with or without pain in the last 30 days (according

to DC/TMD)’.

1. A good quality CBCT scan covering at least both
condyles, the joint cavity, and the articular eminence
was taken with maximum intercuspation of the teeth.

Control Group (Clinically Asymptomatic)-

1. Patients presenting neither temporomandibular
noise nor pain in their lifetime but visited Shaheed
Suhrawardy Medical College Hospital for other
dentoalveolar reasons, such as implant placement,
impacted third molar extraction, etc.

2. A CBCT scan following the as-low-as-reasonably-
achievable principle, covering at least both condyles,
the joint cavity, and the articular eminence, was taken
with maximum intercuspation of teeth.

Exclusion Criteria for Both Case and Control Groups

1. History of TM] surgical interventions or radiation
therapy involving the head and neck region.

2. Presence of congenital TM] anomalies or any history
of jaw trauma.

3. Pregnancy or patients younger than 21 years old.

4. CBCT scans with an insufficient field of view (FOV)
or motion artefact.

Informed written consent was obtained from
participants in the control group before the CBCT scan.

CBCT Image Acquisition

The CBCT scans were obtained with an Orthophos S
scanner (Dentsply Sirona, North Carolina, USA). The
acquisition parameters included an FOV of 8 cm x 8
cm, a tube voltage of 85 kV, a tube current of 10 mA, a
voxel size of 0.3 mm, and a scan time of 4.4 seconds. The
images were exported in DICOM (Digital Imaging and
Communications in Medicine) format using the software
program Sidexis 4 (Dentsply Sirona, North Carolina,
USA) for further processing.

CBCT Image Interpretation

The DICOM files were imported into the software program
Sidexis (Dentsply Sirona, North Carolina, USA) version 4,
with the Galileos Implant version 1.9 add-on installed, to
assess bony changes and perform morphometric analysis.
A multiplanar, blinded evaluation of the CBCT scans
was conducted twice by a dental surgeon with at least 5
years of experience in maxillofacial imaging, at 6-month
intervals, to ensure interpretation reliability. The intraclass
correlation coefficient (ICC) was calculated and found to
exceed 0.9, indicating excellent intra-rater reliability.
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Assessment of Bony Changes

Bony changes were assessed using a multi-planar approach

to evaluate the mandibular condyle, whether visualised or

not.*'>"* The five categories of bone changes were defined

as follows (Figure 1):

e  Flattening: deviation from the standard convex shape
of the condyle.

e Osteophytes: bony outgrowths located on the margin
of the condyle.

e Sclerosis: a region of increased cortical bone density
extending into the bone marrow.

e  Erosion: discontinuation of the cortical bone outline.

e Cysts: a well-defined osteolytic lesion in the
subcortical area without affecting the cortical bone.

Morphometric Analysis

The metric analysis of condylar head and glenoid fossa
morphology included linear measurements of the
condylar head (length and width) and the thickness of the
roof of the glenoid fossa. The anteroposterior diameter
of the condyle was measured as the length from the
corrected mid-sagittal slice. The superior-most point
of the mandibular condyle was denoted as the superior
condylar point (SCp). Two points, one posterior and one
anterior, at 4 mm below the SCp, were identified as the
posterior-most condylar point (PCp) and the anterior-
most condylar point (ACp). By adding ACp and PCp, we
found the length of the mandibular condyle (Figure 2a).
Furthermore, in the coronal section, the areas of maximum

Erosion

Flattening

Cyst

Sagittal view

_

.
.

id
o

convex curvature on either side of the condyle were
identified as the medial-most condylar point (MCp) and
the lateral-most condylar point (LCp). The mesiodistal
diameter (condylar width) was measured as the linear
distance between the lateral and medial points of the
mandibular condyle (Figure 2b). In the sagittal plane, the
thickness of the glenoid fossa (TGF) was defined as the
distance between the outer cortical outline and the inner
cortical outline at the thinnest portion (Figure 2c)."

Statistical Analysis

The statistical analysis was performed using SPSS (version
26.0; Armonk, NY: IBM Corp). Normality was assessed
using the Kolmogorov-Smirnov and Shapiro-Wilk tests. A
chi-square test was used to compare the case and control
groups by gender. On the other hand, morphometric
changes related to bony changes were assessed using
independent t-tests for normal data, and Mann-Whitney
U tests for non-normal data. Additionally, the correlation
of bony changes within different age groups was evaluated.
The level of significance was set at P= 0.05.

Results

In this study, the gender ratio was 40% (n=15) for males
and 60% (n=15) for females in the case group and 40%
(n=15) for females and 60% (n=15) for males in the
control group. The age range was found to be (21 - 50)
years for both groups. Subsequently, the patients were
divided into three age groups (21-30 years, 31-40 years,

Osteophyte

Sagittal view

Figure 1. Sagittal section of CBCT image showing: a) erosion, b) osteophyte, c) flattening and subcortical cyst

Outer cortical outline
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Figure 2. CBCT image showing how the measurements were done: a) The anteroposterior diameter of the condyle, b) The mesiodistal diameter, c) The thickness

of the glenoid fossa
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and 41-50 years).

After analysing 60 TMJs, with 30 TM]Js in each group,
this study found bony alterations of the condylar head in
the case group: 93.3% erosion, 53.3% flattening, 43.3%
osteophytes, 43.3% subcortical cysts, and 40% sclerosis.
Though the asymptomatic control group also showed few
bony changes, these were less frequent: 46.7% erosion,
26.7% flattening, and 20% sclerosis. The asymptomatic
control group did not demonstrate any skeletal deformity,
such as osteophyte formation or subcortical cysts.

On the other hand, according to the chi-square
test results (Table 1), bony changes such as erosion,
osteophytes, and subcortical cysts were significantly
(P=0.001) more prevalent in the case group than in the
control group. In a nutshell, patients with TMD symptoms
showed significantly greater bony alterations, and erosion
was the most prevalent change in both groups.

Moreover, the comparison of morphometric deviations
between the case and control groups revealed minimal
differences in linear measurements. The anterior-
posterior diameters of the condylar head were nearly
identical on both sides, with a mean difference of 0.06 mm
on the right and 0.02 mm on the left. Similarly, the mesial-
lateral diameters showed slight differences, with a mean
difference of 1.02 mm on the right and 0.22 mm on the left.
The thickness of TGF varied slightly between the groups,
with differences of 0.20 mm on the right and 0.15 mm
on the left. Overall, the morphometric dimensions were
consistent between the case and control groups (Table 2).

The correlation between bony changes and age groups
showed varying distributions across the three age groups.
Flattening was most common in the 31-40-year-old group

Table 1. Contingency table for bony changes in case and control groups.

Bony changes  Category Case Control Chi-square P-value

Exposed 15 8 3.45 0.063
Flattening

Not Exposed 15 22

Exposed 28 13 17.33 0.001
Erosion

Not Exposed 2 17

Exposed 13 0 16.59 0.001
Osteophytes

Not Exposed 17 30

Exposed 12 6 2.85 0.090
Sclerosis

Not Exposed 18 24
Subcortical  Exposed 13 0 16.59  0.001
Cyst Not Exposed 17 30

(50%), with a moderate positive correlation (r=0.4).
Erosion was distributed fairly evenly among age groups,
with a weak correlation (r=0.24). Osteophytes and
subcortical cysts showed similar distributions, with the
highest prevalence in the younger two age groups (37.5%)
and negligible correlations (r=0.09) between them.
Sclerosis was most prevalent in the 21-30-year-old group
(66.67%), with a moderate positive correlation (r=0.446).
Overall, age had a limited effect on the distribution of
bony changes (Table 3).

The comparison of bony changes by gender showed
differences in  distribution.  Flattening,
osteophytes, and subcortical cysts were present in both
males and females with no significant gender differences.
However, sclerosis was significantly more prevalent in
females (66.67%) compared to males (0%), indicating a
gender-specific pattern (P=0.028). Other bony changes
demonstrated similar proportions between genders,
suggesting limited gender influence on their occurrence.

erosion,

Discussion

This study investigated the prevalence of degenerative
bony changes in the mandibular condyle among
participants with and without TM]J disorder symptoms. It
also examined morphometric alterations of the condylar
head between case and control groups, as well as the
correlation between age, gender, and the occurrence of
degenerative changes within the case group.

TMJ disorders have become a concern worldwide,
and their prevalence varies significantly across different
countries and populations, with reported rates ranging
from 30% to 50%.'* Degenerative changes frequently lead
to alterations in the morphology of the bony component
of TM]J. These alterations can be found in the condylar
head, articular eminence, and the roof of TGE * Several
studies evaluated degenerative disease located in the TMJ
radiographically, stating CBCT as a superior, reliable,
and recommended imaging modality to assess TM] bony
alteration.'®"® This study used CBCT to evaluate the
degenerative changes of the mandibular condyle.

Among the five types of changes, previous studies
have reported flattening as the most prevalent alteration:
89.3%, 77.4%, and 82.5%.""** Some other studies have
reported sclerosis (30.2%) and osteophyte (30.2%) as the
most prevalent changes.”?* The most frequent condylar
bony change observed in our study was erosion (93.3%)
(Figure 3). This may be because the prevalence of TMD

Table 2. Comparison of morphometric deviations between the case and control groups.

Linear measurements (mm) Side Mean (SD) Mean difference P-value
Case Control

Anterior-posterior diameter Right 6.28(1.18) 6.34 (0.84) 0.06 0.98
Anterior-posterior diameter Left 6.51 (0.94) 6.49 (0.66) 0.02 0.92
Mesial-lateral diameter Right 18.31 (1.81) 19.33 (1.95) 1.02 0.14
Mesial-lateral diameter Left 18.71 (2.63) 18.93 (2.4) 0.22 0.95
Thickness of glenoid fossa Right 1.22 (0.77) 1.02 (0.53) 0.20 0.40
Thickness of glenoid fossa Left 1.24 (1.00) 1.09 (0.77) 0.15 1
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varies significantly across geographic regions, influenced
by factors such as gender, age, and sociodemographic
variables.?

Contrastingly, degenerative joint disorder (D]JD) exhibits
several significant bony changes compared with controls.
TM]J studies using CBCT have shown that osteoarthritic
joints exhibit significantly more condylar irregularities,
osteophytes, and condylar flattening than non-TMD
joints.” Additionally, degenerative bony changes such as
osteophytes, erosion, flattening, subchondral sclerosis,
and pseudocysts were prevalent, with flattening being the
most frequent change observed.”’ Similarly, the current
study found that erosion (P<0.05), osteophytes (P <0.05),
and cysts (P <0.05) were more commonly observed in the
case group compared to the control group (Table 2).

Besides, Shahidi et al” compared the incidence of TMJ
alteration in patients with and without TMD-related
complaints. Similarly, another study using CBCT found
that 39.3% of TM]Js in asymptomatic adults exhibited
degenerative changes, including osteoarthritic alterations,
despite no ongoing orofacial pain or TM] complaints.*
The osseous modifications were detected in 86.7% of
joints in asymptomatic groups. Consistent with previous
studies, our results also noted incidental osseous changes
in the asymptomatic group, including erosion, flattening,
and sclerosis. These bony changes in the asymptomatic
group suggest that they do not always correlate directly
with clinical symptoms. The presence of these changes
in asymptomatic individuals highlights the complexity
of TMD and the need for comprehensive clinical and
radiographic evaluation to diagnose and manage the
condition accurately.”®

Table 3. Correlation of bony changes with age groups

Furthermore, Ahmed et al. reported that the length and
width of the mandibular condyle are greater in males than
in females in a morphological assessment of healthy TM]J#
Other research indicates that condylar height is smaller in
TMD patients than in non-TMD individuals. At the same
time, the width and length of the condyle do not show
significant differences between these groups.” Our results
also showed that the dimensions of the condylar head
were relatively similar between the two compared groups
(Table 2).

In addition, the correlation between TMD and age
or gender is well documented in the literature across
different geographic regions, except in Bangladesh.
Adolescent females have been reported to exhibit more
symptoms related to TMD than other demographic
groups. A cross-sectional study conducted in the Brazilian
population revealed a higher prevalence of TMD among
females (66%) and young individuals (85%).* Similarly,
Azevedo et al. reported that degenerative bone changes
occurred more frequently among women.” This finding
was supported by Pontual et al, who observed a high
prevalence of degenerative bone alterations in TM]Js,
particularly in women, and noted that the prevalence
increased with age.*

Similarly, our study also reported that females were
more affected by a greater number of bony changes than
males (Table 2). The higher prevalence in women can
be attributed to the hormonal effects of estrogen and
prolactin, which can worsen the deterioration of cartilage
and joint bone in the TM], as well as trigger a cascade of
immune reactions.*® A study analysing CBCT images of
patients aged 10 to 90 years found that older patients had
more common findings of osteoarthritis, such as condylar
and articular erosion, osteophytes, and joint space
narrowing.* This observation is further supported by
research indicating that bone changes are more prevalent
in the elderly, with significant differences in the prevalence
of condylar erosion, resorption, and osteophyte formation
between older and younger age groups.” The current
study suggested that bony changes of the condylar head
are not affected by age. However, flattening may occur
more in the 31-40-year age group, and sclerosis in the 21-

Prevalance of Bony Changes

Age groups
Bony types 21-30 years 31-40 years 41-50 years Correlation (r)
Flattening 25% 50% 25% 0.40
Erosion 38.50% 30.80% 30.80% 0.24
Osteophyte 37.50% 37.50% 25% 0.09
Sclerosis 66.67% 16.70% 16.70% 0.45
Subcortical Cyst  37.50% 37.50% 25% 0.09
100 93.3

90

80

70

60 53.3

50

40 46.7

30 26.7

20

10

0
Flattening Erosion

u Case (%)

Osteophytes

40 433
20
0 0

Sclerosis Subcortical Cysts

Control (%)

Figure 3. Clustered column chart showing the prevalence of bony changes in the study population
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30-year age group.

This pilot study provides initial insight into degenerative
changes in the condyles of the Bangladeshi population.
However, several limitations should be considered.
The small sample size and cross-sectional design may
limit generalisability and preclude evaluation of disease
progression over time. Because CBCT primarily assesses
bony structures, soft-tissue components of the TMJ, such
as the articular disc and inflammatory changes, cannot
be evaluated, which may limit diagnostic interpretation.
Future studies should include larger sample sizes
and longitudinal follow-up to better understand the
progression of TM] degeneration. Combining CBCT with
other imaging modalities, particularly MRI, may provide a
more comprehensive assessment of osseous and soft-tissue
changes. Further evaluation of additional parameters,
including condylar volume, bone density, and age- and
gender-related variations, may improve understanding
of TMJ degeneration and support more informed clinical
management.

Conclusion

The findings of this study indicate that degenerative
condylar bony changes may occur independently of
clinical symptoms and age in the Bangladeshi population,
underscoring the importance of careful evaluation of all
CBCT scans that include the TMJ. These results may assist
Bangladeshi clinicians in refining diagnostic decision-
making and treatment planning while promoting radiation
safety through more judicious and indication-based use of
CBCT imaging.

Acknowledgements

The authors thank Ts. Dr Mohamad Arif Bin Awang Nawi, School
of Dental Science, Health Campus, Universiti Sains Malaysia,
Kelantan 16150, Malaysia, all staff of the ODC imaging center
for their support. Nur Al Amin is the recipient of the Graduate
Fellowship USM (GFUSM) Scholarship of Universiti Sains Malaysia.

Authors’ Contribution

Conceptualization: Nur Al Amin, Johari Yap Abdullah, Mohd Faizal
Abdullah

Data Curation: Shefat Ara Sharif, Nur Al Amin, Sarwer Jamal Biplob
Investigation: Shefat Ara Sharif, Nur Al Amin

Formal Analysis: Al Mahmud

Methodology: Nur Al Amin, Johari Yap Abdullah, Mohd Faizal
Abdullah

Project Administration: Johari Yap Abdullah

Supervision: Johari Yap Abdullah

Software: Nur Al Amin

Resource: Nur Al Amin, Sarwer Jamal Biplob

Validation: Johari Yap Abdullah, Fahmi Oscandar, Mohd Faizal
Abdullah, Norliza Binti Ibrahim

Visualization: Nur Al Amin

Writing- Original Draft: Nur Al Amin

Writing- Review & Editing: Johari Yap Abdullah, Fahmi Oscandar,
Mohd Faizal Abdullah, Norliza Binti Ibrahim

Competing Interests
The authors have no financial or personal relationships that could
inappropriately influence or bias the content of this paper.

Data Availability Statement
The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Ethical Approval

Ethical approval has been obtained from the ethical review board of
Shaheed Suhrawardy Medical College Hospital, Dhaka, Bangladesh
(No. — ShSMCHY/Ethical/2023/008) and the Jawatankuasa Etika
Penyelidikan Manusia Universiti Sains Malaysia (USM/JEPeM/
KK/24080711).

Funding
This research did not receive any specific grant for funding

References

1. Palla S. Anatomy and pathophysiology of the
temporomandibular joint. In: Klineberg 1, Eckert SE,
eds. Functional Occlusion in Restorative Dentistry and
Prosthodontics. Mosby; 2016. p. 67-85. doi:10.1016/b978-0-
7234-3809-0.00006-1

2. Bordoni B, Brizuela M. Anatomy, head and neck,
temporomandibular joint. In: StatPearls. Treasure Island, FL:
StatPearls Publishing; 2025.

3. Medin Ceylan C, Cigdem Karacay B. The relationship between
the oral behavioral checklist and the jaw functional limitation
scale in temporomandibular joint pain. J Oral Health Oral
Epidemiol 2023;12(3):112-7. doi:10.34172/johoe.2023.19

4. Veerappan RR, Gopal M. Comparison of the diagnostic
accuracy of CBCT and conventional CT in detecting
degenerative osseous changes of the TMJ: a systematic
review. ] Indian Acad Oral Med Radiol 2015;27(1):81-4.
doi:10.4103/0972-1363.167090

5. Imanimoghaddam M, Madani AS, Bagherpour A, Gharekhani
S, Ebrahimnejad H, Alimohammadi M. Association between
clinical and cone-beam computed tomography findings in
patients with temporomandibular disorders. J Oral Health
Oral Epidemiol 2017;6(4):231-8.

6. Vasegh Z, Safi Y, Sanaei Azar M, Ghazizadeh Ahsaie
M, Arianezhad SM. Assessment of bony changes in
temporomandibular joint in patients using cone beam
computed tomography - a cross sectional study. Head Face
Med 2023;19(1):47. doi:10.1186/513005-023-00392-z

7. Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G,
Goulet JP, et al. Diagnostic criteria for temporomandibular
disorders (DC/TMD) for clinical and research applications:
recommendations of the International RDC/TMD Consortium
Network* and Orofacial Pain Special Interest Groupt. J Oral
Facial Pain Headache2014;28(1):6-27.doi:10.11607/jop.1151

8. Nawaz U, Afzal MW, Siddique K, Ashraf N, Aziz H, Aziz
Khan S, et al. The effectiveness of neck strengthening exercises
on jaw mobility and clicking in anterior disc displacement
with reduction of temporomandibular joint: a randomized
controlled trial. } Oral Health Oral Epidemiol 2024;13(1):1-5.
doi:10.34172/johoe.2107.1362

9. Talmaceanu D, Lenghel LM, Bolog N, Hedesiu M, Buduru
S, Rotar H, et al. Imaging modalities for temporomandibular
joint disorders: an update. Clujul Med 2018;91(3):280-7.
doi:10.15386/cjmed-970

10. Al Amin N, Farook TH, Oscandar F, Abdullah MF, Ibrahim
NB, Eusufzai SZ, et al. The diagnostic accuracy of cone-
beam computed tomography for assessing in vitro osseous
alterations of the mandibular condyle: a systematic review and
meta-analysis. Oral Radiol 2025;41(4):449-59. doi:10.1007/
s11282-025-00821-6

11. Browne RH. On the use of a pilot sample for sample size
determination. Stat Med 1995;14(17):1933-40. doi:10.1002/
sim.4780141709

12. Bianchi J, Roberto Gongalves J, Carlos de Oliveira Ruellas
A, Vieira Pastana Bianchi J, Ashman LM, Yatabe M, et al.

6 \ J Oral Health Oral Epidemiol 2026;15:2505.1738


https://doi.org/10.1016/b978-0-7234-3809-0.00006-1
https://doi.org/10.1016/b978-0-7234-3809-0.00006-1
https://doi.org/10.34172/johoe.2023.19
https://doi.org/10.4103/0972-1363.167090
https://doi.org/10.1186/s13005-023-00392-z
https://doi.org/10.11607/jop.1151
https://doi.org/10.34172/johoe.2107.1362
https://doi.org/10.15386/cjmed-970
https://doi.org/10.1007/s11282-025-00821-6
https://doi.org/10.1007/s11282-025-00821-6
https://doi.org/10.1002/sim.4780141709
https://doi.org/10.1002/sim.4780141709

TMJ degeneration and CBCT

20.

21.

22.

23.

Radiographic interpretation using high-resolution CBCT to
diagnose degenerative temporomandibular joint disease.
PLoS One 2021;16(8):0255937. doi:10.1371/journal.
pone.0255937

Alexiou K, Stamatakis H, Tsiklakis K. Evaluation of the severity
of temporomandibular joint osteoarthritic changes related to
age using cone beam computed tomography. Dentomaxillofac
Radiol 2009;38(3):141-7. doi:10.1259/dmfr/59263880
Alrizqi AH, Aleissa BM. Prevalence of temporomandibular
disorders between 2015-2021: a literature review. Cureus
2023;15(4):€37028. doi:10.7759/cureus.37028

Nielsen TW, Holte MB, Berg-Beckhoff G, Thorn JJ,
Ingerslev ], Pinholt EM. Three-dimensional assessment
of  temporomandibular  joint  changes  following
maxillomandibular advancement surgery: a five-year follow-
up study. Int J Oral Maxillofac Surg 2025;54(7):617-23.
doi:10.1016/j.ijom.2024.12.002

Tsai CM, Wu FY, Chai JW, Chen MH, Kao CT. The advantage
of cone-beam computerized tomography over panoramic
radiography and temporomandibular joint quadruple
radiography in assessing temporomandibular joint osseous
degenerative changes. ] Dent Sci 2020;15(2):153-62.
doi:10.1016/}.jds.2020.03.004

Marques AP, Perrella A, Arita ES, de Matos Pereira MF, de
Gusmao Paraiso Cavalcanti M. Assessment of simulated
mandibular condyle bone lesions by cone beam computed
tomography. Braz Oral Res 2010;24(4):467-74. doi:10.1590/
s1806-83242010000400016

Salemi F, Shokri A, Mortazavi H, Baharvand M. Diagnosis of
simulated condylar bone defects using panoramic radiography,
spiral tomography and cone-beam computed tomography:
a comparison study. J Clin Exp Dent 2015;7(1):e34-9.
doi:10.4317/jced.51736

Rehan OM, Saleh HA, Raffat HA, Abu-Taleb NS. Osseous
changes in the temporomandibular joint in rheumatoid
arthritis: a cone-beam computed tomography study. Imaging
Sci Dent 2018;48(1):1-9.

Bae S, Park MS, Han JW, Kim YJ. Correlation between
pain and degenerative bony changes on cone-beam
computed tomography images of temporomandibular joints.
Maxillofac Plast Reconstr Surg 2017;39(1):19. doi:10.1186/
540902-017-0117-1

Hafez Maleki F, Shokri A, Hosseini Zarch SH, Bahraniy A,
Ebrahimpour A, Alimohamadi SM. Cone beam CT evaluation
of the bony changes in the temporomandibular joint and the
association with the clinical symptoms of temporomandibular
joint disorders. ] Dent Mater Tech 2019;8(1):25-32.
doi:10.22038/jdmt.2018.12123

de Almeida Azevedo MQ, de Almeida-Barros RQ, Donato LF,
Youssef MN, Manhaes Jdnior LR, Panzarella F. Degenerative
bone changes in TMJ assessed by cone beam computed
tomography. RGO Rev Galch Odontol 2016;64(2):171-8.
doi:10.1590/1981-863720160002000073191

Nah KS. Condylar bony changes in patients with
temporomandibular disorders: a CBCT study. Imaging Sci
Dent 2012;42(4):249-53. doi:10.5624/isd.2012.42.4.249

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lau SCX, Lim LZ, Hallinan J, Makmur A. Incidental findings
involving the temporomandibular joint on computed
tomography and magnetic resonance imaging. Singapore
Med ] 2023;64(4):262-70. doi:10.4103/singaporemed;.
Smj-2021-068

Zielinski G, Pajak-Zielinska B, Ginszt M. A meta-analysis of
the global prevalence of temporomandibular disorders. J Clin
Med 2024;13(5):1365. doi:10.3390/jcm13051365

Talaat W, Al Bayatti S, Al Kawas S. CBCT analysis of bony
changes associated with temporomandibular disorders. Cranio
2016;34(2):88-94. doi:10.1179/2151090315y.0000000002
Shahidi S, Salehi P, Abedi P, Dehbozorgi M, Hamedani S,
Berahman N. Comparison of the bony changes of TMJ in
patients with and without TMD complaints using CBCT. ] Dent
(Shiraz) 2018;19(2):142-9.

de Holanda TA, de Almeida RC, Silva AE, Damian MF,
Boscato N. Prevalence of abnormal morphology of the
temporomandibular joint in asymptomatic subjects: a
retrospective cohort study utilizing cone beam computed
tomography. Int ]  Prosthodont  2018;31(4):321-6.
doi:10.11607/ijp.5623

Ahmed], SujirN, Shenoy N, Binnal A, Ongole R. Morphological
assessment of TMJ spaces, mandibular condyle, and glenoid
fossa using cone beam computed tomography (CBCT): a
retrospective analysis. Indian ) Radiol Imaging 2021;31(1):78-
85. doi:10.1055/5-0041-1729488

Alhammadi MS, Almashraqi AA, Thawaba AA, Fayed MMS,
AboalnagaAA. Dimensionalandpositionaltemporomandibular
joint osseous characteristics in normodivergent facial
patterns with and without temporomandibular disorders.
Clin  Oral Investig 2023;27(9):5011-20. doi:10.1007/
s00784-023-05120-0

Progiante PS, Pattussi MP, Lawrence HP, Goya S, Grossi PK,
Grossi ML. Prevalence of temporomandibular disorders in
an adult Brazilian community population using the research
diagnostic criteria (axes | and II) for temporomandibular
disorders (the Maringd study). Int) Prosthodont 2015;28(6):600-
9. doi:10.11607/ijp.4026

dos Anjos Pontual ML, Freire JS, Barbosa JM, Frazdo
MA, dos Anjos Pontual A. Evaluation of bone changes
in the temporomandibular joint using cone beam CT.
Dentomaxillofac  Radiol 2012;41(1):24-9. doi:10.1259/
dmfr/17815139

Koyama J, Nishiyama H, Hayashi T. Follow-up study of
condylar bony changes using helical computed tomography in
patients with temporomandibular disorder. Dentomaxillofac
Radiol 2007;36(8):472-7. doi:10.1259/dmfr/28078357

Ko¢ N. Evaluation of osteoarthritic changes in the
temporomandibular joint and their correlations with age: a
retrospective CBCT study. Dent Med Probl 2020;57(1):67-72.
doi:10.17219/dmp/112392

Imanimoghaddam M, Madani AS, Talebzadeh MR, Bagherpour
A, Alimohammadi M. The relationship between osseous
changes of the temporomandibular joint and RDC/TMD
groups in CBCT images. ] Dent Mater Tech 2014;3(4):151-7.
doi:10.22038/jdmt.2014.3345

J Oral Health Oral Epidemiol 2026;15:2505.1738 | 7


https://doi.org/10.1371/journal.pone.0255937
https://doi.org/10.1371/journal.pone.0255937
https://doi.org/10.1259/dmfr/59263880
https://doi.org/10.7759/cureus.37028
https://doi.org/10.1016/j.ijom.2024.12.002
https://doi.org/10.1016/j.jds.2020.03.004
https://doi.org/10.1590/s1806-83242010000400016
https://doi.org/10.1590/s1806-83242010000400016
https://doi.org/10.4317/jced.51736
https://doi.org/10.1186/s40902-017-0117-1
https://doi.org/10.1186/s40902-017-0117-1
h﻿ttps://doi.org/10.22038/jdmt.2018.12123
https://doi.org/10.1590/1981-863720160002000073191
https://doi.org/10.5624/isd.2012.42.4.249
https://doi.org/10.4103/singaporemedj.Smj-2021-068
https://doi.org/10.4103/singaporemedj.Smj-2021-068
https://doi.org/10.3390/jcm13051365
https://doi.org/10.1179/2151090315y.0000000002
https://doi.org/10.11607/ijp.5623
https://doi.org/10.1055/s-0041-1729488
https://doi.org/10.1007/s00784-023-05120-0
https://doi.org/10.1007/s00784-023-05120-0
https://doi.org/10.11607/ijp.4026
https://doi.org/10.1259/dmfr/17815139
https://doi.org/10.1259/dmfr/17815139
https://doi.org/10.1259/dmfr/28078357
https://doi.org/10.17219/dmp/112392
https://doi.org/10.22038/jdmt.2014.3345

