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Introduction
Osteoarthritis is a degenerative condition that occurs 

when the stress on a joint surpasses the physiological toler- 
ance of the cartilage. This non-inflammatory disorder is 
marked by the progressive breakdown of soft tissues within 
the joint, which is followed by bone resorption and prolifer- 
ation. Osteoarthritis can affect any synovial joint that is 
subjected to prolonged and repetitive strain. Despite exten- 
sive research, the exact cause of osteoarthritis remains 
uncertain.1 Various factors, such as occupational overuse, 
repetitive injuries, obesity, sex, genetic predisposition, and 
age, have been implicated in its development.
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ABSTRACT

Purpose: This study aimed to evaluate age-stratified radiographic features in temporomandibular joint osteoarthritis 
using cone-beam computed tomography.
Materials and Methods: In total, 210 joints from 183 patients (144 females, 39 males, ranging from 12 to 88 years 
old with a mean age of 44.75±19.97 years) diagnosed with temporomandibular joint osteoarthritis were stratified 
by age. Mandibular condyle position and bony changes (flattening, erosion, osteophytes, subchondral sclerosis, and 
subchondral pseudocysts in both the condyle and articular eminence, thickening of the glenoid fossa, joint space 
narrowing, and joint loose bodies) were evaluated through cone-beam computed tomography. After adjusting for sex, 
the association between age groups and radiographic findings was analyzed using both a multiple regression model and 
a multinomial logistic regression model (α=0.05).
Results: The prevalence of joint space narrowing and protruded condyle position in the glenoid fossa significantly 
increased with age (P<0.05). The risks of bony changes, including osteophytes and subchondral pseudocysts in the 
condyle; flattening, erosion, osteophyte, and subchondral sclerosis in the articular eminence; joint loose bodies; and 
thickening of the glenoid fossa, also significantly rose with increasing age (P<0.05). The number of radiographic 
findings increased with age; in particular, the increase was more pronounced in the temporal bone than in the 
mandibular condyle (P<0.05).
Conclusion: Increasing age was associated with a higher frequency and greater diversity of bony changes in the 
temporal bone, as well as a protruded condyle position in the glenoid fossa, resulting in noticeable joint space 
narrowing in temporomandibular joint osteoarthritis. (Imaging Sci Dent 2024; 54: 71-80)
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The temporomandibular joint (TMJ) is unique in that it 
allows both rotational and gliding movements during man-
dibular motion. TMJ osteoarthritis is characterized by de-
generative bony changes, such as flattening, erosion, osteo-
phytes, subchondral sclerosis, pseudocysts, and alterations 
in the mandibular condyle and articular eminence dimen-
sions, as well as loose bodies within the joint space.2,3

While the general radiographic findings of degenerative 
bony changes in TMJ osteoarthritis are well-established, 
evaluating the TMJ with conventional radiography can be 
challenging due to the potential for overlapping anatomical 
structures. Cone-beam computed tomography (CBCT) has 
effectively addressed this limitation, offering high-reso-
lution, distortion-free, 3-dimensional images of the TMJ. 
Furthermore, CBCT provides multi-planar images with sig-
nificantly lower radiation exposure than conventional com-
puted tomography (CT) scans, making it an essential tool  
for diagnosing TMJ osteoarthritis.4-6

Age is a well-established and significant risk factor for 
the development of osteoarthritis. As individuals age, the 
cumulative effects of biomechanical loads applied to the 
joint may exceed its physiological tolerance, increasing the 
likelihood of developing osteoarthritis. Consequently, the 
prevalence of osteoarthritis escalates notably after the age 
of 45.7-10

Numerous studies have investigated the relationship be-
tween age and osteoarthritis, not only in the TMJ but also 
in other joints such as the knee, ankle, and wrist.11-14 The 
knee joint, in particular, has been the subject of extensive 
research. Jordan et al.13 found that the prevalence of knee 
osteoarthritis was 26.2% in individuals aged 55-64, but this 
figure rose to 50% in those aged 75 and older. Ding et al.14 
highlighted that the most pronounced structural changes in 
knee osteoarthritis associated with aging include the extent 
of cartilage defects, cartilage thinning, and an increase in 
bone size.

While age is a well-established risk factor for osteoar-
thritis, it is noteworthy that adolescents often exhibit severe 
degenerative changes in the bony structures of the TMJ, 
setting it apart from other joints. Surprisingly, research on 
the radiographic features of TMJ osteoarthritis in relation to 
increasing age is lacking. Previous studies have primarily  
concentrated on evaluating the articular surface of the man-
dibular condyle or the overall bony changes in the TMJ.6,7 
However, there is a scarcity of research clarifying which 
radiographic findings are more closely associated with spe-
cific age groups among patients with TMJ osteoarthritis.

The objective of the present study was to investigate age- 
stratified radiographic features in CBCT images of TMJ 

osteoarthritis and identify which radiographic findings are 
more strongly associated with age progression.

Materials and Methods
Subjects
This study was approved by the Institutional Review 

Board of Gangneung-Wonju National University Dental 
Hospital (IRB no. GWNUDH-IRB2021-A006). Data were 
retrospectively collected from patients diagnosed with TMJ 
osteoarthritis, based on clinical and TMJ CBCT examina-
tions, who presented with TMJ pain, dysfunction, or joint  
noise and visited the Department of Oral Medicine at Gang- 
neung-Wonju National University Dental Hospital between 
March 2017 and August 2021. All subjects were consis-
tently evaluated and documented by 3 board-certified oro-
facial pain specialists according to the Research Diagnostic 
Criteria for Temporomandibular Disorders (RDC/TMD).15 

Patients were categorized into age groups spanning their 
10s, 20s, 30s, 40s, 50s, 60s, and 70s and beyond. Thirty 
joints were randomly selected from each age group for  
radiographic analysis. A total of 183 patients (144 females 
and 39 males, with an age range of 12-88 years and a mean 
age of 44.75±19.97 years) were included in this study,  
accounting for 210 joints. This total included 27 patients in 
whom the TMJs on both sides were affected. 

Patients with congenital anomalies, a history of surgery 
and acute trauma involving the TMJ, or any systemic dis-
ease known to affect joint morphology, such as rheumatoid  
arthritis, were excluded. Additionally, patients with TMJ  
osteoarthrosis who presented with no clinical signs or symp- 
toms other than degenerative radiographic findings or TMJ 
crepitus at their initial visit were also excluded.

Methods
All subjects were instructed to bite in maximum inter- 

cuspation. The CBCT images were scanned using the Al-
phard-3030® (Asahi Roentgen Co, Kyoto, Japan) in P-mode,  
operating at 80 kV and 8 mA, with images acquired at a 
voxel size of 0.30 mm. For imaging analysis, the Xelis 
Dental program® (INFINITT Healthcare Co, Seoul, Korea) 
was employed. The coronal plane, aligned with the long 
axis connecting the medial and lateral poles of the mandib-
ular condyle in the TMJ, and the sagittal plane perpendicu-
lar to this long axis were established as the standard refer-
ence planes. The image slices were configured with a thick-
ness and interval of 1 mm for both the corrected coronal  
and sagittal reconstructions. Osteoarthritic bony changes 
were assessed in both the mandibular condyle and temporal 
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bone of the TMJ. All CBCT images were reconstructed and 
evaluated according to the interpretation criteria of Ahmad 
et al.16 by a board-certified oral and maxillofacial radiologist  
at Gangneung-Wonju National University Dental Hospital. 

The criteria for identifying osteoarthritic bony changes 
were as follows: Flattening (F-C) referred to the loss of the 
convex shape of the articular surface of the mandibular 
condyle. Erosion (E-C) indicated a loss of continuity in the 
cortical bone boundaries of the mandibular condyle. An 
osteophyte (O-C) was defined as a pathological growth of 
bone or an outwardly grown bone tissue on the mandibular 
condyle. Subchondral sclerosis (SS-C) denoted a condition 
of osteosclerosis beneath the articular cartilage of the man-
dibular condyle. A subchondral pseudocyst (SC-C) referred 
to a subchondral cavity that deviates from the normal bone 
marrow morphology of the mandibular condyle. Flattening 

(F-E) involved the loss of the convex shape of the articular 
surface of the articular eminence. Erosion (E-E) referred to 
a loss of continuity in the cortical bone boundaries of the 
articular eminence. An osteophyte (O-E) was defined as a  
pathological growth of bone or an outwardly grown bone tis-
sue on the articular eminence. Subchondral sclerosis (SS-E)  
was defined as a condition of osteosclerosis beneath the 
articular cartilage of the articular eminence. A subchondral 
pseudocyst (SC-E) referred to a subchondral cavity deviat-
ing from the normal bone marrow morphology of the artic-

ular eminence. Thickening of the glenoid fossa (T-F) was 
characterized by the roof of the glenoid fossa being thicker 
than 1.5 mm.17,18 Joint space narrowing was defined as an 
abnormally reduced joint space (less than 1.5 mm) in 2 or 
more of the anterior, superior, and posterior regions.19 Joint 
loose bodies (LB) referred to calcified structures that were 
not continuous with the articular disc or bone structure of 
the joint.

The mandibular condyle position in the closed state was 
assessed as follows: A concentric position was defined as 
equal distances from the mandibular condyle to the anterior 
and posterior slopes of the articular surface of the temporal 
bone in a midsagittal image. A protruded position occurred 
when the mandibular condyle in the joint space was anterior  
to the concentric position. A retruded position referred to a  
configuration where the mandibular condyle in the joint 
space was posterior to the concentric position. Figures 1-4 
show sample CBCT images of the mandibular condyle, 
temporal bone, joint space, and mandibular condyle posi-
tion, respectively. 

Intra-rater reliability
To assess the intra-rater reliability of the radiographic  

readings, a total of 14 joints were randomly selected (2 
joints chosen from each age group), and the radiographic 
readings were repeated by the same examiner. The results 

Fig. 1. Sample cone-beam computed tomography images represent bony changes in the mandibular condyle, selected from subjects in this 
study. A. Normal state. B. Flattening and osteophyte. C. Erosion. D. Subchondral sclerosis. E. Subchondral pseudocyst.
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indicated excellent intra-rater reliability, with a Cohen’s 
kappa coefficient of 0.950 (P<0.05).

Statistical analysis
Age was categorized into 7 groups to examine the cor-

relations between radiographic findings and age: 10-19 
years old, 20-29 years old, 30-39 years old, 40-49 years old, 
50-59 years old, 60-69 years old, and over 70 years old. 
The associations between age group and radiographic find-
ings were evaluated using the chi-square test. If a variable 
had more than 20% of cells with an expected frequency  
of less than 5, the Fisher exact test was performed. The risk 
of degenerative bony changes in the TMJ by age group was 
then evaluated using logistic regression analysis, and the 
results were expressed as odds ratios (ORs) and 95% confi-
dence intervals (CI).

The mandibular condyle position variables were classi-
fied as concentric=0, protruded=1, and retruded=2, and 
multinomial logistic regression analysis was performed 
with the concentric position as the standard category. 

In this study, 3 variables were created by combining a 
total of 12 components: the radiographic findings score of 
the mandibular condyle (composed of F-C, E-C, O-C, SS-
C, and SC-C; ranging from 0 to 5 points), the radiographic 
findings score of the temporal bone (consisting of F-E, E-E, 
O-E, SS-E, SC-E, and TF; ranging from 0 to 6 points), and 
the total radiographic findings score (incorporating all 11 
components with LB; ranging from 0 to 12 points).

To assess the normality of radiographic findings scores in 
the mandibular condyle, temporal bone, and overall scores 
for each age group, the Kolmogorov-Smirnov test was util- 
ized. Based on the normality test outcomes, differences in 

Fig. 2. Sample cone-beam computed tomography images show bony changes in the temporal bone, selected from subjects in this study. A. 
Normal state (coronal view). B. Flattening (sagittal view). C. Erosion (sagittal view). D. Osteophyte (coronal view). E. Subchondral sclerosis 

(coronal view). F. Subchondral pseudocyst (sagittal view). G. Thickening of glenoid fossa.
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radiographic findings scores across age groups were ana-
lyzed using either the Kruskal-Wallis test or 1-way analysis 
of variance (ANOVA). Multiple regression analysis was 
then conducted to determine the influence of age on radio-
graphic findings scores, with all models adjusted for sex. 
Statistical analyses were performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA), with the significance  
level set at α=0.05.

Results
Mandibular condyle position and degenerative 
bony changes 
The chi-square test was used to examine differences in 

affected side of bony changes, mandibular condyle posi-
tion, and joint space narrowing based on age group and sex 

(Table 1). Out of 210 joints, 42.9% had bony changes on 
the right side, and 57.1% on the left, with no significant sex 
or age group differences. The mandibular condyle position 
showed a statistically significant association with age group 

(P<0.05), but not with sex. Joint space narrowing increased 
with age, showing a statistically significant difference (P< 
0.05), but no significant difference by sex was observed.

In the investigation of the frequency of various radio-
graphic findings observed in CBCT images, it was found 
that E-C had the highest frequency (88.1%), while SC-E 
had the lowest frequency (8.0%). There were no statistically  
significant differences in the presence or absence of all  
radiographic findings according to sex. However, the analy-
sis revealed statistically significant differences in all radio- 
graphic findings, except F-C and E-C, according to age 
group (P<0.05) (Table 2).

Analyzing the risk of changes in mandibular condyle posi- 
tion while adjusting for sex revealed a significant 1.67-fold 
increase in the risk of a protruded mandibular condyle posi- 
tion with each 10-year increase in age. No significant differ- 
ence was found in the risk of a retruded mandibular condyle 
position compared to the concentric position (Fig. 5A). The 
analysis also demonstrated that the risks of T-F, SS-E, and 
LB increased by 2.03, 2.02, and 1.99 times, respectively, as 

Fig. 3. Sample cone-beam computed tomography images depict joint space narrowing and joint loose bodies, selected from subjects in this 
study. A. Joint space narrowing. B. Joint loose bodies.

A B

Fig. 4. Sample cone-beam computed tomography images illustrate mandibular condyle position in the closed state, selected from subjects 
in this study. A. Protruded position. B. Concentric position. C. Retruded position.

A B C
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the age group increased by each 10-year interval (P<0.05) 

(Fig. 5B).

Quantitative analysis of bony changes according to 
the radiographic findings score
The Kruskal-Wallis test was used to compare radiograph-

ic findings scores in both the mandibular condyle and tem-

poral bone by age group, and statistically significant differ-
ences were observed (P<0.05) (Tables 3 and 4). Further-
more, 1-way ANOVA was employed to analyze the differ- 
ence in total radiographic findings scores by age group, 
and a statistically significant difference was also confirmed  

(Table 5). The post hoc analysis using Dunnett’s T3 re-
vealed that the scores for individuals in their 10s and 20s 

Table 2. Cone-beam computed tomography evaluation of temporomandibular joint osteoarthritis-related bone changes by age and sex 

(number and percentage)

Subject
population

Mandibular condyle Temporal bone

F-C* E-C† O-C* SS-C* SC-C* LB† F-E* E-E* O-E† SS-E* SC-E† T-F†

Sex
Female 119 (71.3) 151 (90.4) 110 (65.9) 93 (55.7) 42 (25.1) 18 (10.8) 37 (22.2) 70 (41.9) 21 (21.6) 37 (22.2) 6 (3.6) 19 (11.4)
Male 32 (74.4) 34 (79.1) 30 (69.8) 25 (58.1) 9 (20.9) 5 (11.6) 11 (25.6) 21 (48.8) 5 (11.6) 8 (18.6) 2 (4.7) 6 (14.0)
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Age group
10-19 18 (60.0) 28 (93.3) 10 (33.3) 10 (33.3) 3 (10.0) 0 (0.0) 1 (3.3) 2 (6.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
20-29 18 (60.0) 24 (80.0) 17 (56.7) 10 (33.3) 1 (3.3) 0 (0.0) 1 (3.3) 7 (23.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
30-39 21 (70.0) 25 (83.3) 22 (73.3) 17 (56.7) 5 (16.7) 0 (0.0) 5 (16.7) 7 (23.3) 1 (3.3) 3 (10.0) 1 (3.3) 0 (0.0)
40-49 23 (76.7) 26 (86.7) 21 (70.0) 21 (70.0) 7 (23.3) 3 (10.0) 8 (26.7) 13 (43.3) 4 (13.3) 5 (16.7) 0 (0.0) 2 (6.7)
50-59 21 (70.0) 28 (93.3) 21 (70.0) 22 (73.3) 11 (36.7) 5 (16.7) 4 (13.3) 18 (60.0) 7 (23.3) 7 (23.3) 0 (0.0) 4 (13.3)
60-69 28 (93.3) 27 (90.0) 27 (90.0) 20 (66.7) 15 (50.0) 7 (23.3) 15 (50.0) 25 (83.3) 7 (23.3) 17 (56.7) 4 (13.3) 14 (46.7)
70~ 22 (73.3) 27 (90.0) 22 (73.3) 18 (60.0) 9 (30.0) 8 (26.7) 14 (46.7) 19 (63.3) 7 (23.3) 13 (43.3) 3 (10.0) 5 (16.7)
P-value 0.078 0.688 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Total 151 (71.9) 185 (88.1) 140 (66.7) 118 (56.2) 51 (24.3) 23 (11.0) 48 (22.9) 91 (43.3) 26 (12.4) 45 (21.4) 3.8 (8.0) 25 (11.9)

F-C: flattening of condyle, E-C: erosion of condyle, O-C: osteophyte of condyle, SS-C: subchondral sclerosis of condyle, SC-C: subchondral pseudocyst of condyle, LB: 
joint loose bodies, F-E: flattening of articular eminence, E-E: erosion of articular eminence, O-E: osteophyte of articular eminence, SS-E: subchondral sclerosis of articular 
eminence, SC-E: subchondral pseudocyst of articular eminence, T-F: thickening of the glenoid fossa, *: Chi-square test, †: Fisher exact test

Table 1. Cone-beam computed tomography assessment of temporomandibular joint osteoarthritis by age and sex (number and percentage, 
chi-square test)

Subject
population N

Affected side of bony changes Mandibular condyle position in closed state Joint space narrowing

Right Left P-value Retruded Concentric Protruded P-value No Yes P-value

Sex
Female 167 73 (43.7) 94 (56.3) 0.730 62 (37.1) 51 (30.5) 54 (32.3) 0.313 107 (64.1) 60 (35.9) 0.371
Male 43 17 (39.5) 26 (60.5) 18 (41.9) 8 (18.6) 17 (39.5) 31 (72.1) 12 (27.9)

Age group
10-19 30 12 (40.0) 18 (60.0) 0.961 20 (66.7) 9 (30.0) 1 (3.3) <0.05 130 (100.0) 0 (0.0) <0.05
20-29 30 11 (36.7) 19 (63.3) 19 (63.3) 9 (30.0) 2 (6.7) 28 (93.3) 2 (6.7)
30-39 30 14 (46.7) 16 (53.3) 8 (26.7) 13 (43.3) 9 (30.0) 21 (70.0) 9 (30.0)
40-49 30 12 (40.0) 18 (60.0) 9 (30.0) 10 (33.3) 11 (36.7) 18 (60.0) 12 (40.0)
50-59 30 13 (43.3) 17 (56.7) 11 (36.7) 6 (20.0) 13 (43.3) 16 (53.3) 14 (46.7)
60-69 30 13 (43.3) 17 (56.7) 6 (20.0) 10 (33.3) 14 (46.7) 16 (53.3) 14 (46.7)
70~ 30 15 (50.0) 15 (50.0) 7 (23.3) 2 (6.7) 21 (70.0) 9 (30.0) 21 (70.0)

Total 210 90 (42.9) 120 (57.1) 80 (38.1) 59 (28.1) 71 (33.8) 138 (65.7) 72 (34.3)
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were significantly lower than those in their 40s, 50s, 60s, 
and 70s and beyond. Additionally, those in their 30s and 
40s also had significantly lower scores than those in their 
60s.

The average total radiographic findings score increased 
from the 10s to the 60s and then slightly decreased in the 
age group of 70 and older. Regression analysis, using the 
radiographic findings score as the dependent variable, re-
vealed significant increases in mean values of 0.231, 0.411, 
and 0.693 in the mandibular condyle, temporal bone, and 
total radiographic findings scores, respectively, with each 
10-year increment in age group (P<0.05). Each regression 

equation was formulated as follows: radiographic findings  
score of mandibular condyle =2.148 +0.231*Age group, 
R2 =0.119; radiographic findings score of temporal bone=  
-0.486 +0.411*Age group, R2 =0.293; total radiogra- 
phic findings score=1.567+0.693*Age group, R2 =0.264  

(Tables 3-5).

Discussion
The diagnostic criterion used in this study was that of the 

RDC/TMD, established in 1992 to set a global standard for 
TMD examinations. According to the RDC/TMD, a diagno-
sis of TMJ osteoarthritis is made when arthralgia (pain upon 

Fig. 5. Odds ratios for cone-beam computed tomography findings in temporomandibular joint osteoarthritis by age group. A. Mandibular con-
dyle position and joint space narrowing (reference: concentric). B. Degenerative bony changes. *: P<0.05; F-C: Flattening of condyle; E-C: 
Erosion of condyle; O-C: osteophyte of condyle; SS-C: subchondral sclerosis of condyle; SC-C: subchondral pseudocyst of condyle; LB: joint 
loose bodies; F-E: flattening of articular eminence; E-E: erosion of articular eminence; O-E: osteophyte of articular eminence; SS-E: subchon-
dral sclerosis of articular eminence; SC-E: subchondral pseudocyst of articular eminence; T-F: thickening of the glenoid fossa.

A B

Table 3. Age-related differences in the radiographic findings score 
of the mandibular condyle in temporomandibular joint osteoarthri-
tis (Kruskal-Wallis test)

Age group
Radiographic findings score of  

the mandibular condyle

Mean±standard deviation P-value

10-19 2.30±1.09

<0.05

20-29 2.33±0.99
30-39 3.00±1.17
40-49 3.27±1.39
50-59 3.43±1.36
60-69 3.90±1.30
70~ 3.27±1.39

Total 3.07±1.34

Table 4. Age-related differences in the radiographic findings score 
of the temporal bone in temporomandibular joint osteoarthritis (Kru-
skal-Wallis test)

Age group
Radiographic findings score of temporal bone

Mean±standard deviation P-value

10-19 0.10±0.31

<0.05

20-29 0.27±0.52
30-39 0.57±0.97
40-49 1.07±1.36
50-59 1.33±1.42
60-69 2.73±1.53
70~ 2.03±1.85

Total 1.16±1.52
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palpation in 1 or more joints or joint pain during maximal 
opening or lateral movement) is accompanied by coarse 
crepitus or imaging evidence of arthrosis. Conversely,  
the presence of either arthrosis imaging or crepitus without 
arthralgia is termed osteoarthrosis of the TMJ.15 

In contrast, the Diagnostic Criteria for Temporomandib-
ular Disorders (DC/TMD), published in 2014, take a differ- 
ent approach. They define degenerative joint disease as 
having a history of TMJ noise within 30 days or the patient 
reporting joint noise during the examination, corroborated 
by the examiner through crepitus, and this can be confirmed  
through computed tomography.20 The crucial difference be-
tween these 2 diagnostic criteria is the inclusion of arthralgia 
as a component of the diagnosis. As the treatment plan for 
patients with TMJ osteoarthritis depends on the current pro-
gression of degenerative bony changes and the presence of  
pain as a symptom in the clinical setting, this study exclu-
sively focused on patients with TMJ osteoarthritis adhering 
to the RDC/TMD diagnostic criteria.

The subject pool, selected through a random choice of 
30 joints for each age group, comprised 144 women and 39  
men. It is noteworthy that women were more prevalent than 
men in all age groups, which aligns with prior studies that 
have confirmed a link between sex and degenerative bony 
changes.8,21 However, in this study, there was no statistical-
ly significant correlation between age group and sex, nor  
were there any notable differences in findings based on sex.  
To present the data in a sex-neutral manner, all data were 
adjusted for sex.

Truelove et al.22 conducted an evaluation of the diagnos- 
tic validity of the RDC/TMD criteria and found a sensitivity  
of 0.10 and specificity of 0.99 for osteoarthritis. In con-
trast, the DC/TMD criteria, which do not differentiate  

between osteoarthritis and osteoarthrosis, exhibited a sen-
sitivity of 0.55 and specificity of 0.61, without the use of a 
radiographic examination during the diagnosis of degenera-
tive joint disease.20 These values are lower than those found  
for other diagnostic criteria of temporomandibular disor-
ders, highlighting the essential role of imaging examina-
tions in diagnosing TMJ osteoarthritis. This suggests that re-
lying solely on clinical examination may be insufficient for 
detecting degenerative bony changes. Therefore, this study 
prioritized the inclusion of patients with bony changes evi-
dent on TMJ CBCT images. Clinical symptoms were then  
confirmed through a review of medical records, which 
streamlined the process of recruiting subjects.

Several studies have focused on image analysis criteria 
based on the RDC/TMD standards. Ahmad et al.16 confirmed  
their validity, including criteria for detecting degenerative 
bony changes in the TMJ using computed tomography. Flat-
tening and/or subchondral sclerosis are considered less de-
finitive indicators for osteoarthritis diagnosis, as they often  
reflect natural aging or progressive remodeling processes. 
Contemporary standards highlight erosion as a key sign of 
osteoarthritis, with the progression of erosion potentially 
leading to the formation of subchondral pseudocysts. Osteo- 
phytes signal cartilage degeneration and are associated with 
joint pain, suggesting osteoarthritis progression even when 
they are small. The identification of loose bodies in the joint  
space must be carefully differentiated from conditions such 
as synovial chondromatosis. Loose bodies should be consid-
ered indicative of osteoarthritis only when they occur along- 
side other significant bony changes characteristic of the 
disease.2

While joint space narrowing can result from osteophytes 
or joint disc displacement, it is considered a significant ra-
diographic finding in knee joint osteoarthritis and can also 
serve as an indicator of TMJ osteoarthritis, even without the 
influence of gravity. The findings of the current study re-
vealed a significant increase in joint space narrowing with 
age, with erosion being the most prevalent occurrence in 
both the mandibular condyle and articular eminence. These 
results are consistent with previous research outcomes.2,16,23

The protruded mandibular condyle position in the gle-
noid fossa was predominant among individuals aged 60 and 
older, while the retruded mandibular condyle position was 
prevalent among those in their 10s and 20s. Therefore, it 
seems that the affected condyle in TMJ osteoarthritis tends 
to move from a posterior to an anterior position with advan- 
cing age. 

The mandibular condyle position in the glenoid fossa 
among patients with TMJ osteoarthritis has sparked con-

Table 5. Age-related differences of the total radiographic findings 
score in temporomandibular joint osteoarthritis (1-way ANOVA)

Age group
Total radiographic findings score

Mean±standard 
deviation P-value Dunnett 

T3 test

10-19 (a) 2.40±1.07

<0.05 a, b<d, e, f, g
c, d<f

20-29 (b) 2.60±1.30
30-39 (c) 3.57±1.79
40-49 (d) 4.43±2.36
50-59 (e) 4.93±2.61
60-69 (f) 6.87±2.89
70~ (g) 5.57±3.11

Total 4.34±2.70
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siderable debate. In a study by Wiese et al.,24 where the 
patients’ age was not considered, the concentric position 
of the condyle was dominant regardless of the presence of 
TMJ osteoarthritis. In contrast, Gynther et al.23 reported that 
the anterior position was observed in 45%, the concentric  
position in 40%, and the posterior position in 15% of cases 

(mean age: 52 years, age range: 30-76 years). Cho et al.25 
noted that the concentric position was most common in  
asymptomatic TMJ osteoarthritis cases, while the posterior 
position was more prevalent in symptomatic cases among 
children and adolescents (mean age: 15.5 years, age range: 
10-18 years). These findings are partially in line with the 
results of this study. To date, no research has specifically 
examined the relationship between age and the position of 
the condyle in the glenoid fossa in patients with TMJ osteo-
arthritis, highlighting the need for further study. The find-
ings of this study indicate that a protruded position of the 
mandibular condyle, along with a reduction in joint space, 
contributes to arthralgia and limited physiological move-
ment on the antero-superior surface of the mandibular con-
dyle in older individuals with TMJ osteoarthritis.

Radiographic findings scores were calculated by sum-
ming the number of radiographic finding variables within 
each substructure and in the overall TMJ, aiming to quantify  
the extent of degenerative bony changes. The results indica- 
ted a significant increase in the diversity of findings with 
advancing age. These findings align with those of a previous  
study by Alexiou et al.,26 which observed a higher frequency 
and severity of osseous changes in older patients with TMJ  
osteoarthritis. The severity of degenerative bony changes 
across the entire TMJ became more pronounced with age, 
more so than in individual components. Notably, the extent  
of degenerative bony changes in the temporal bone, as op-
posed to the mandibular condyle, was more pronounced with  
age. Consequently, clinicians should be vigilant in examin-
ing both the mandibular condyle and the temporal bone in 
TMJ radiographs of elderly patients. 

In this study, patient cases exhibiting only bony flattening  
or localized sclerosis were excluded from the analysis of 
radiographic findings. This exclusion was due to the com-
mon occurrence of these features in both progressive re-
modeling and TMJ osteoarthritis. As a result, the findings 
in this study may differ from those of other studies21,26 that 
included cases exclusively showing these bony changes. 
This difference could potentially explain the higher fre-
quency of erosion findings observed in the present study, 
as compared to flattening findings. 

Moreover, recent efforts have been made to quantitatively 
evaluate radiographic images through three-dimensional re-

construction.27,28 In light of these advancements, the radio-
graphic findings score derived from CBCT images, as used 
in this study, could potentially be adopted in clinical set-
tings. This would provide a straightforward and convenient  
method for analyzing and assessing the severity of bony 
deformities in TMJ osteoarthritis.

In conclusion, this study’s analysis of the relationship be-
tween age and degenerative bony changes in CBCT images 
of the TMJ confirmed that erosions were more frequent re-
gardless of age, and a greater variety of bony changes occur- 
red with age. While the overall degree of degenerative 
bony changes was higher in the mandibular condyle than 
in the temporal bone, the correlation with age was more 
pronounced in the temporal bone. Additionally, the extent 
of degenerative bony changes in the entire TMJ was more 
noticeable than in each substructure when considered indi-
vidually in relation to age. 

The study’s findings highlight that as individuals with 
TMJ osteoarthritis age, specific changes occur in the posi- 
tion of the mandibular condyle within the glenoid fossa. Spe- 
cifically, as individuals grow older, the affected mandibular 
condyle tends to shift from a posterior to an anterior position 
within the glenoid fossa. This positional change results in 
the narrowing of the joint space, particularly on the antero- 
superior articular surface of the mandibular condyle. These 
alterations in condylar position and joint space can have 
implications for mandibular movement dysfunction, poten-
tially contributing to the symptoms associated with TMJ 
osteoarthritis in elderly individuals.
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