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Introduction
Disc displacement with reduction (DDR) is the most 

common intra-articular disorder of the temporomandibular 
joint (TMJ) and is defined as an abnormal positional rela-
tionship of the articular disc with the mandibular condyle, 
fossa, and articular eminence. Previous studies1-4 described 
the progression of DDR from reduction to non-reduction, 

resulting in symptoms such as clicking, crepitus, pain, and 
limitation of jaw movement. 

Garagiola et al.5 stated that the condylar morphology of 
DDR patients showed changes in the height and inclination 
to the distal direction. Poluha et al.4 mentioned that DDR 
caused morphological changes in the disc, with a potential 
impact on changes in the condylar shape. Thus, DDR is 
a common intra-articular disorder that can cause clinical 
symptoms and morphological changes of the condyle. 

According to a previous study by Chang et al.,3 condylar 
resorption could affect the volume of the condyle and its 
position in the glenoid fossa. Pohula et al.4 stated that con-
dylar volume was significantly associated with the presence 
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of DDR and that the volume decreased when DDR changed 
to disc displacement without reduction in both sexes. Con- 
dylar volume change can be seen on radiographic exam-
inations that aim to evaluate the cortical and trabecular 
architecture. According to the studies by Bayram et al.6 
and Farronato et al.,7 cone-beam computed tomography 

(CBCT) enabled early identification of signs in the condyle 
from minor erosions of the articular cortex to actual defor-
mations of the condylar head without distortion, thereby 
facilitating analyses of bone morphology, joint space, and 
dynamic function across all 3 dimensions. CBCT provides 
images with superior diagnostic quality. This is possibly 
due to the isotropic (equal in all 3 dimensions) voxel resol- 
ution, which produces sub-millimetre spatial resolution 
ranging from 0.4 mm to as low as 0.125 mm. A rapid 
scan time of 10-70 seconds is another major advantage of 
CBCT, as it acquires all basic images in a single rotation.8,9 
According to a comparative study between magnetic reso- 
nance imaging (MRI) and CBCT by Alkhader et al.,10 
CBCT was better than MRI in detecting changes in condylar  
shape such as flattening, osteophyte formation or erosion, 
rather than changes in size. They concluded that this was 
probably because MRI had limited spatial resolution and 
larger slice thickness (>3 mm) in clinical use. Therefore, 
CBCT can be used to measure volume accurately.

Currently, studies on temporomandibular joint (TMJ) vol-
ume in DDR patients are still limited. Based on the study 
of Chang et al.,3 a quantitative assessment of condylar  
volume could help evaluate the relationship between DDR 
and condylar structure. However, researchers have yet to 
evaluate the relationship between DDR and condyle struc-
ture in terms of its volume, particularly in the population of 
Indonesia. The study aimed to analyse the volume of nor-
mal condyles compared with condyles showing DDR using 
CBCT in the Indonesian population. 

Materials and Methods
This study was approved by the Ethics Committee of the 

Faculty of Medicine, Universitas Padjadjaran, Bandung, 
West Java, Indonesia with registration number 6366/UN6.
F1/DL/2020 on November 11, 2020. 

The analytical study design included 56 condyles (26 nor-
mal and 30 with DDR) obtained from the patients who visit- 
ed the Oral and Maxillofacial Radiology Unit after being  
referred from the Prosthodontics Unit at Dental Hospital 
Universitas Padjadjaran from December 2020 to February  
2021. The inclusion criteria of this population were high- 
quality CBCT images and an age of 20 years and over (for 

males) or 18 years and over (for females), regardless of the 
presence of TMJ complaints. Patients with developmental 
disorders in the lower jaw affecting the condyle, trauma to 
the jaw, arthritis, neoplasms, and a history of orthodontic 
treatment were excluded. Prior to CBCT imaging, the sam-
ples were divided into 2 groups according to whether there 
was a normal relation (NR) or DDR based on the DC/TMD 
Axis 1 form in the clinical examination results. All samples 
were exposed to CBCT radiation using an Orthopantomo-
graph OP300 Maxio (Imaging Instrumentarium, Tuusula, 
Finland) with an 8 cm× 15 cm and 13 cm× 15 cm field of 
view, a scan time of 40 s, and isotropic voxels with an axial 
slice thickness of 0.4 mm. 

The CBCT data were exported in the Digital Imaging 
and Communications in Medicine format and imported to 
the open-source ITK-SNAP software (ITK-SNAP version 
3.8.0, https://www.itksnap.org/) to analyse condylar vol-
ume, while the condylar boundaries were determined on 
the axial sections. The superior contour of the condyle was 
determined as the first radiopaque point found in the upper 
articular area. The inferior border was selected as the first 
point where the sigmoid notch was visible at the bottom of 
the condyle (Fig. 1).3,11 

The condylar bone consists of 2 parts, namely cortical 
and trabecular bone, which differ in terms of density (Fig. 
2). In the ITK-SNAP application, the classification menu 
was selected to enter pre-segmentation mode. Next, the 
paint brush mode was selected, and the disc was marked 
on cortical bone and trabecula areas with different colours 
using brush style 3. The initialisation was clicked by posi-
tioning the cursor on and selecting the added bubble at the 
cursor button. In the last step, “evolution” was opened, the 
“execute” button was selected, and then the process was 
carried out on the cortical bone and trabeculae until fin-
ished. The “update” button was selected in the 3D window 
to display the segmentation results. The “volume” and “sta-
tistics” buttons were selected on the segmentation menu to 
display the condyle volume results in voxel count and milli-
metres cubed. The cortical volume, trabecular volume, and 
total volume were calculated in units of millimetres cubed. 
The calculation results were then compiled into Micro- 
soft Excel 2019 (Microsoft Corp, Redmond, WA, USA). 
Cortical, trabecular, and total condyle volume were anal-
ysed according to sex and the cortical and trabecular area 
of the condyle, while ignoring the side.

The measurements were performed by 2 oral and maxillo-
facial radiologists. The first observer measured 28 samples, 
with 1 repetition at a 3-week interval for an intra-obser- 
ver analysis of measurements. Meanwhile, the first and 
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second observer measured the same 28 samples at the same 
time for an inter-observer analysis. The Cronbach alpha co-
efficient was used to analyse intra- and inter-observer relia- 
bility. The independent t-test was used to evaluate differ-

ences between NR and DDR condyles in cortical, trabecu-
lar, and total volume and to investigate differences by sex 
using SPSS version 21.0 (IBM Corp., Armonk, NY, USA).

Fig. 1. Stages of determining the re-
gion of interest (ROI) in the condyle. 
In the axial view, the inferior border 
is selected when the first point of the 
sigmoid notch is visible at the bottom  
of the condyle. The condyle is po-
sitioned in the centre and the user 
should make sure that no part is cut 
off. At the lower sagittal boundary 
slice, the ROI is tangent to the blue 
orientation line that represents the 
slice tangent to the sigmoid notch.

Fig. 2. Three-dimensional view of right and left condyle segmentation. The yellow and red areas are cortical bone, and the green areas are 
trabecular bone.
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Results
Excellent reliability was found for intra- (R= 0.995) and 

inter-observer (R = 0.973) measurements, making it possi-
ble to conclude that both observers had the same measure-
ment validity.

The sample consisted of 12 condylar joints obtained 
from 6 men and 44 from 22 women. The male subjects 
were younger (NR: 23.75±4.50 years, DDR: 25.00±5.00 
years) on average than the female subjects (NR: 35.33±
10.06 years, DDR: 32.00±12.8 years). The independent 
t-test showed significant differences between NR and DDR 
in cortical volume (P<0.05), trabecular volume (P<005), 
and total volume (P<0.05) (Fig. 3).

There was a significant difference in condylar volume 
according to sex. In the male subjects with NR condyles, 
the total condylar volume was 2373.37±715.32 mm3, the 
cortical volume was 1555.53±518.80 mm3, and the tra-
becular volume was 817.84±310.59 mm3. In the male sub-
jects with DDR condyles, the total volume was 2128.11±
716.41 mm3, the trabecular volume was 974.66±495.91 

mm3, and the cortical volume was 1075.60±260.07 mm3. 
In the female subjects with NR condyles, the total vol-
ume was 1700.41±280.46 mm3, the cortical volume was 
1172.77±255.31 mm3, and the trabecular volume was 
527.64±236.18 mm3. Finally, in the female subjects with 
DDR condyles, the total volume was 1264.37±421.40 

mm3, the cortical volume was 842.82±300.37 mm3, and 
the trabecular volume was 324.01±222.06 mm3. The cor-
tical, trabecular, and total volumes of the condyles in male 
subjects were significantly higher than those in female sub-
jects in both the NR and DDR groups (Fig. 4). 

Discussion
Our results were uniform as there was no significant differ- 

ence in the results of the measurements made by both oral 
and maxillofacial radiologists. Most patients with DDR 
were women. This result was similar to that reported by 
Ferreira et al.12 in a study in Brazil, where 73.8% of TMJ 
disorders were found in female patients. Similar results 
were found by Oltramari-Navarro et al.13 in Brazil, who 
reported that women had symptoms more often than men. 
The female predominance of TMJ disorders may be associ-
ated with the sex hormone oestrogen, as its receptors could 
change metabolic function, increasing ligament weakness 
and pain stimulation by modulating the limbic system.14-16 
A statistical analysis of symptoms showed that women 
reported more frequent complaints of pain in the temporo-
mandibular joint, facial muscles, neck and shoulder area, 
headaches, fatigue in masticatory muscles, and sensitive 
teeth.

TMJ disorders show a female predominance, with a fe-
male-to-male ratio of 3-4 : 1. Sex has been established as a 
significant risk factor for TMJ disorders apart from para-
functional habits.

The study showed that there was a significant difference 
in volume between the NR and DDR condyles in cortical 
volume, trabecular volume, and overall volume. The vol-
ume might decrease due to resorption in the condyle. This 
study accords with the findings of Cevidanes et al.,17 who 
explained that mandibular resorption had a high prevalence 
in DDR patients, particularly ongoing DDR, because DDR 
is usually followed by osteoarthritis. When osteoarthritis 

Fig. 3. Condylar volume of normal relation (NR) and disc displace-
ment with reduction (DDR) (*: P<0.05). Fig. 4. Condylar volume between normal relation (NR) and disc 

displacement with reduction (DDR) groups according to sex (*: 
P<0.05).
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occurs, progressive bone erosion and remodelling occur 
repeatedly. The repeated process of remodelling and bone 
degeneration could decrease the condylar size.

The results of the present study also align with those re-
ported by Chang et al.,3 who showed a significant difference  
between the NR and DDR condyle. This study is also con-
sistent with a previous study by Byun et al.,18 which repo- 
r ted that mandibular condylar bone changes were signifi-
cantly affected by DDR and that condyle morphological 
changes became more severe as DDR progressed. Nonethe-
less, results showing differences in similar studies remain  
very limited.

The bone damage due to disc displacement can theore- 
tically occur according to the direct mechanical trauma 
model, hypoxic reperfusion model, and neurogenic inflam-
mation model. Each model predicts that highly reactive 
molecular species are generated in response to mechanical 
stimuli. During disc displacement, mechanical stimulation 
increases because the displaced disc cannot exert its proper 
protective function during functional jaw movement. Inc- 
reased mechanical stimulation produces highly reactive 
molecular species and can trigger molecular cascades asso-
ciated with articular tissue catabolism in the affected con-
dyle. This point aligns with that made in Milam’s study.19 

This study concluded that there were differences in con-
dylar volume based on sex, with a larger condylar volume 
in men than in women. This finding is similar to the results 
of Tecco et al.11 in a Caucasian population and accord with 
those of a study by Al-Koshab et al.,20 which showed a sig-
nificantly higher condylar volume in men than in women. 
The finding of significant differences in condylar volume 
according to sex are also supported by a study by Mostafavi  
et al.21 in Iran, which showed that there were differences 
in condylar volume between male and female patients. To 
the authors’ knowledge, no study has yet observed smaller 
condylar volume in males than in females. 

Condylar volume was significantly different between 
males and females in TMJs with DDR. The condyles in 
male subjects showed smaller reductions in total condylar 
volume and trabecular volume than those in female subjects 
in both NR and DDR condyles. This finding disagrees with 
the results reported by Chang et al.,3 who showed that there 
was a greater reduction in male subjects than in female  
subjects.

The reasons for sex differences in condylar volume 
changes are not clearly understood. Sex differences can be 
attributed to hormonal influences on the TMJs that expe-
rience disc displacement. A study in animals and humans 
showed that sex hormones are associated with cartilage 

breakdown in temporomandibular disorders. Women are 
more often affected by TMJ disorders than men, and the 
female sex hormone (oestrogen) plays an important role in 
the occurrence of TMJ disorders. 

The advent of CBCT has revolutionised the practice of 
dentistry, and CBCT is now considered the gold standard 
for imaging the oral and maxillofacial area due to its nume- 
rous advantages, including reductions in exposure time, 
radiation dose, and cost in comparison to other imaging 
modalities.22 CBCT has proven to provide reliable, precise, 
and clinically relevant TMJ data. Ikeda and Kawamura23  
determined the physiologic position of the condyle in centric 
relation in the sagittal, coronal, and axial planes in healthy 
patients, to obtain a standard measure of clinical assess- 
ment of condyle position obtained from CBCT.24 This study  
used a different CBCT device when compared to the study 
conducted by Pupo et al.25 in Brazil. Pupo compared diag- 
noses using clinical examinations and MRI. The results 
showed that clinical examinations had lower validity in 
diagnosing DDR than MRI. MRI can improve diagnostic 
accuracy, particularly when the information can influence 
clinical decisions. These findings contrast with those of the 
study conducted by Vogl et al.,26 which explained that the 
clinical examination of the TMJ should not be overlooked, 
as the findings are an early indication for further diagnosis. 
Imaging of the TMJ aims to assess the integrity of hard and 
soft tissue components within the joint, ascertain the stage 
of the disease, and evaluate the effect of treatment.

This study used ITK-SNAP to determine volume, as was 
done in the study conducted by Yushjeviich. The results 
showed that ITK-SNAP is a reliable software application 
that can be used to segment the structures in 3-dimensional  
medical images. Yushjeviich et al.27 used ITK-SNAP to 
measure brain tumour volume. The results of their study 
showed that ITK-SNAP is a reliable semi-automatic tool to 
accelerate segmentation in complicated problems that auto-
matic segmentation tools cannot solve. 

A limitation of this study is the unequal number of male 
and female samples. The absence of patients with disc dis-
placement without reduction means that this study could 
not conduct a detailed comparison of the relevant changes. 
The volume of NR condyles was found to be significantly 
smaller than that of DDR condyles. 
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