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Introduction
The temporomandibular joint (TMJ) is a diarthrodial 

joint with articular surfaces formed by the mandibular 
condyle and the glenoid fossa of the squamous part of the 
temporal bone.1 The TMJ is unique because it is the only 
load-bearing joint that is connected to its contralateral 

counterpart by a single bone, the mandible. Furthermore, 
unlike other synovial joints in the body, which have hya-
line cartilage covering the articular surfaces, the articular 
surfaces of the TMJ are lined by fibrocartilage; therefore, 
it is thought to be more resistant to degeneration over 
time.2,3 

Abnormal functioning of the TMJ may lead to temporo-
mandibular disorders (TMDs). TMD is an umbrella term 
that refers to the musculoskeletal disorders that affect 
the masticatory system.4 Several epidemiological studies 
have examined the prevalence of TMDs in a given popu-
lation; in a previous study, approximately 41% of the pop-
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ulation examined reported at least 1 symptom related to 
TMD, and 56% of those examined had at least 1 clinical 
sign. Temporomandibular joint osteoarthritis (TMJ-OA) is 
a major TMD and is the most common degenerative joint 
disease.1,5 Among individuals with TMDs, 11% have been 
found to have symptoms of TMJ-OA.6 TMJ-OA affects 
the cartilage, subchondral bone, synovial membrane, and 
other hard and soft tissues, causing changes such as con-
dylar flattening, sclerosis, resorption, erosion, subcondy-
lar cyst, or osteophyte formation.7 Degenerative changes 
in the form of erosion, sclerosis, or resorption of the artic-
ular eminence are also characteristic of TMJ-OA.8-10 

The results of epidemiological studies of the prevalence 
of TMJ-OA vary due to the existence of different diag-
nostic criteria for the condition.11 Benhardt et al.12 found 
the prevalence of TMJ-OA on clinical and magnetic reso-
nance imaging examinations to be 25% among individu-
als 20-49 years old. Schimitter et al.13 found a prevalence 
of TMJ-OA of 70% among individuals aged 73-75 years, 
although most patients had mild pain and clinical signs 
of OA were not common. The most notable challenge in 
assessing the prevalence of TMJ-OA is the widely rec-
ognized disparity between objective diagnosis based on 
imaging evidence and subjective findings in the form of 
patient reports of pain or disability.7,14,15 However, objec-
tive diagnoses (such as those made using imaging modali-
ties) provide more reproducible results and facilitate more 
accurate comparative studies than subjective findings.15 
Although several studies have provided evidence regard-
ing the prevalence of OA of the knee or other joints, very 
little is known about the prevalence of TMJ-OA.16 Fur-
thermore, prevalence studies of TMJ based on the clinical 
assessment of pain and impairment are more complicated 
than would be expected for other joints because of the 
complex anatomy of the TMJ and its close proximity to 
other functional structures, leading to biased and ques-
tionable reliability.17,18

According to the Research Diagnostic Criteria for Tem-
poromandibular Disorders (RDC/TMD), numerous scoring 
options are used to evaluate the condition of the osseous 
structures of the TMJ associated with OA.19 The mineral-
ized or calcified components of the TMJ are assessed for 
features that indicate remodeling or degenerative changes; 
based on these changes, the joint can be characterized as 
normal, indeterminate, or affected by osteoarthritis.20 

Our objectives were 1) to assess the prevalence of TMJ-
OA using the RDC/TMD image analysis criteria and to 
determine the severity of incidental osteoarthritic changes 

affecting the TMJ; and 2) to evaluate the correlations of 
sex and age with the prevalence and severity of TMJ-OA. 
The null hypothesis was that sex and age would have no 
correlation with the prevalence and severity of TMJ-OA. 

Materials and Methods
An institutional review board exemption was obtained 

for the evaluation of cone-beam computed tomography 

(CBCT) volumes archived at the institution’s Department 
of Oral and Maxillofacial Radiology. This retrospec-
tive cross-sectional study involved the review of CBCT 
scans of patients who underwent imaging for dental im-
plant therapy between August 2011 and August 2015. All 
CBCT images were de-identified with regard to protected 
health information by authorized personnel from the de-
partment before their use in the study. The CBCT scans 
were acquired using an Accuitomo CBCT unit (J Morita, 
Kyoto, Japan; 90 kVp, 7 mA). A standardized protocol 
including an extended (170 mm × 120 mm) field of view 
with a 0.250-mm voxel size and a 17.5-second acquisition 
time was used. All scans were saved in the Digital Imag-
ing in Communications and Medicine (DICOM) 3 format 
and were evaluated using the third-party CBCT recon-
struction software InVivo5 (version 5.3.1) (Anatomage, 
San Jose, CA, USA).

A total of 145 CBCT scans of dental implant patients 
were selected from the archive of 200 scans after the ap-
plication of inclusion and exclusion criteria and a quality 
assessment. To be included in the study, at least 1 TMJ 
must have been completely acquired during the scan and 
be clearly visualized in the field of view. The exclusion 
criteria consisted of scans with motion artifacts, as well as 
subjects with known history of TMJ or jaw trauma, TMJ 
surgery, condylar fracture, systemic arthritis such as rheu-
matoid arthritis, and other systemic or bone diseases. Pa-
tients were grouped by age into categories of 10-19, 20-
29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80-89 years 
for the analysis. 

The images were viewed on a standard radiology work-
station with 3 monitors designed for viewing picture ar-
chiving and communication system (PACS) images, un-
der standardized conditions of ambient light and sound. 
The images were viewed in the axial, coronal, and sagittal 
planes in the software̓s multiplanar reformatted view. 
Corrected coronal and sagittal cross-sections of the joints 
were also viewed using the TMJ module of the InVivo 
dental software. Deviations in the head position during 
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CBCT acquisition were corrected with the reconstruction 
tools of the software. To avoid misinterpretation, changes 
had to be found in at least 2 consecutive sections. To ver-
ify the intra-rater reliability, 20 randomly selected scans 
were evaluated 4 weeks later by the same person with re-
gard to both the prevalence and the severity of TMJ-OA. 

The criteria described by Ahmad et al. were used to de-
termine whether the TMJ was affected by OA.19 Scans 
were labeled as 1) no OA, 2) indeterminate for OA, or 3) 
OA. The severity of the osteoarthritic changes was rated 
for each joint based on the methodology used by Alexiou 
et al.20 The presence or absence of condylar changes was 
evaluated with regard to flattening, sclerosis, resorption, 
and subcondylar cyst, and the severity was evaluated for 
condylar erosion and osteophyte formation. This method 
also included an assessment of the mandibular fossa and 
articular eminence with regard to the presence or absence 
of erosion, sclerosis, and resorption.20

Each osseous change was cross-tabulated with sex and 
age using contingency tables, and the chi-square test was 
applied. For cases in which both joints were included in the 
scan, the findings were tested to identify whether a statisti-
cal difference existed between the joints with regard to the 
presence of osseous changes. The McNemar test was used 
for changes with 2 levels (presence or absence), and the 
Bhapkar chi-square and Stuart-Maxwell chi-square tests 
were used for changes with more than 2 levels (the severi-
ty scale). The Bhapkar chi-square test and Stuart-Maxwell 
chi-square test were carried out using the MH program 

(version 1.2; John Uebersax). A P value of <0.05 was 
deemed to indicate statistical significance. Statistical analy-
ses were performed using SAS 9.4 software (SAS Institute, 
Cary, NC, USA).

Results
A total of 145 CBCT scans (261 TMJs) were included in 

the study. Of the scans, 116 included both TMJs, 10 includ-
ed only the left side, and 19 included only the right side. 
Ninety-one of the scans were of female patients, and 54 
were of male patients. The numbers of scans in the respec-
tive age groups are summarized in Table 1. No statistically 
significant difference was observed in the distribution of 
the osteoarthritic changes between the right and left TMJs 
of the patients (n =116) with both TMJs included in the 
scan. The Cohen kappa value was 0.9 for intra-examiner 
reliability.

TMJ-OA status
Based on the RDC/TMD image analysis criteria, 16 

TMJs (6.1%) had no OA, 74 (28.4%) were indeterminate 
for OA, and 171 (65.5%) had OA. Among the female pa-
tients, 72 (79.1%) patients had OA and 15 (16.5%) patients 
were indeterminate for OA, whereas 35 (64.8%) of the 
male patients had OA and 19 (35.2%) were indeterminate 
for OA (Table 1). A significant correlation was found be-
tween sex and the presence of OA (P<0.05), with female 
patients having a higher prevalence of OA than male pa-
tients. The majority of the patients with TMJ-OA were 50-
59 or 60-69 years old. Regarding the relationship between 
TMJ-OA and age, the prevalence of TMJ-OA began to in-
crease in the 40-49-year age group. Specifically, 94.4% pa-
tients aged 40-49 years, 97.7% patients aged 50-59 years, 
97.5% patients aged 60-69 years, 95.8% patients aged 70-
79 years, and 100% patients aged 80-89 years exhibited 
structural changes indicative of TMJ-OA.

Table 1. Age and sex distribution of the prevalence of temporomandibular joint osteoarthritis

Group Absent Indeterminate Present

Age (years) 10-19 0 4 2
20-29 0 2 4
30-39 0 2 2
40-49 1 4 13
50-59 1 9 33
61-69 1 9 30
70-79 1 4 19
80-89 0 0 4

Sex Female (n = 91) 4 (4.4%) 15 (16.5%) 72 (79.1%)
Male (n = 54) 0 (0%) 19 (35.2%) 35 (64.8%)
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Condylar changes
Condylar flattening and sclerosis were observed in 

86.6% (226/261) and 12.3% (32/261) of the TMJs, respec-
tively, while resorption was observed in 7.3% (19/261) of 
the TMJs. Only 21 (8.1%) of the examined TMJs had sub-
chondral cysts (Table 2). Osteophyte formation was absent 
in 112 (42.9%) TMJs. Slight and moderate osteophyte for-
mation were observed in 44 (16.9%) and 66 (25.3%) of the 
examined TMJs, respectively. Furthermore, 39 (14.9%) of 
the TMJs exhibited severe osteophyte formation. Thirty-six 
TMJs (13.8%) displayed slight and 30 (11.5%) displayed 
moderate erosion. Severe erosion was found in only 41 of 
the TMJs (15.7%). No erosion was observed in 154 (59%) 
TMJs (Table 2). 

Condylar flattening was the most common incidental 
finding, affecting 92.4% (84/91) of the female patients and 

94.4% (51/54) of the male patients (Fig. 1A). The sex dis-
tribution of incidental condylar degeneration is reported 
in Figure 1A. No correlation was found between sex and 
these changes (P>0.05). A greater severity of osteophyte 
formation was observed among the female patients (Fig. 
1B). A significant correlation was observed between sex 
and erosion (P =0.0009), in which a higher prevalence of 
TMJ-OA was observed among the female participants (Fig. 
1B).

Condylar flattening was observed in 17 patients aged 40-
49 years, 40 patients aged 50-59 years, 37 patients aged 
60-69 years, and 22 patients aged 70-79 years (Fig. 2A). 
The age distribution of incidental condylar degeneration 
is reported in Figures 2A-D. Severe osteophyte formation 
was observed in 3 patients aged 40-49 years, 12 patients 
aged 50-59 years, 6 patients aged 60-69 years, 7 patients 

Table 2. Incidence and severity of condylar and articular eminence degeneration (n = 261)

     Incidence             Present Absent

Condylar degeneration Flattening 226 (86.6%) 35 (13.4%)
Sclerosis 32 (12.3%) 229 (87.7%)
Resorption 19 (7.3%) 242 (92.7%)
Subchondral cyst 21 (8.1%) 240 (91.9%)

Degenerative changes of  
the articular eminence

Erosion 58 (22.1%) 204 (77.8%)
Sclerosis 68 (25.9%) 194 (74.1%)
Resorption 16 (6.1%) 246 (93.9%)

     Severity Osteophyte formation Erosion

Condylar degeneration Extensive 39 (14.9%) 41 (15.7%)
Moderate 66 (25.3%) 30 (11.5%)
Slight 44 (16.9%) 36 (13.8%)
Absent 112 (42.9%) 154 (59.0%)

A B

Fig. 1. A. Sex distribution of incidental findings of condylar degeneration. B. Sex distribution of severity of condylar degeneration.
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aged 70-79 years, and 2 patients aged 80-89 years (Fig. 
2E). A statistically significant linear association was found 
between the severity of osteophyte formation and age 

(P<0.05), suggesting that the severity of osteophyte for-
mation increases with age. Severe condylar erosion was 
observed in 5 patients aged 40-49 years, 10 patients aged 
50-59 years, 6 patients aged 60-69 years, 7 patients aged 

70-79 years, and 4 patients aged 80-89 years (Fig. 2F).
Condylar flattening was present in almost all subjects in 

each age group following 30 years of age; however, con-
dylar sclerosis, resorption, and subcondylar cyst appeared 
after 40 years of age, with the most cases reported in the 
age groups of 60-69 years, 50-59 years, and 70-79 years, 
respectively (Figs. 2A-D). Significant linear associations 

Fig. 2. Age distribution of condylar degeneration on cone-beam computed tomographic images. A. Incidental findings of condylar flatten-
ing. B. Incidental findings of condylar resorption. C. Incidental findings of condylar sclerosis. D. Incidental findings of subcondylar cyst. E. 
Severity of osteophyte formation. F. Severity of condylar erosion.

A B

C D

E F
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were observed between age and both sclerosis and sub-
chondral cyst presence (P<0.05). In addition, a significant 
linear association was found between the severity of ero-
sion and age (P =0.0086). The age distributions of these 
condylar changes are shown in Figure 2.

Osseous changes of the mandibular fossa and 
articular eminence 
Erosion of the articular eminence was observed in 58 

(22.1%) of the TMJs, while sclerosis and resorption were 
found in 68 (25.9%) and 16 (6.1%) of the TMJs, respective-
ly (Table 2). No significant correlation was observed be-
tween sex and these degenerative changes of the articular 
eminence (Fig. 3A). However, a significant correlation was 
found between age and mandibular fossa sclerosis as well 
as resorption. Degenerative changes of the articular emi-
nence were predominantly found among the patients be-
tween 40 and 89 years old, with the greatest number found 
in the 50-59-year group (P<0.05) (Figs. 3B-D). Erosion of 
the articular eminence was observed in 6 patients aged 40-
49 years, 11 patients aged 50-59 years, 14 patients aged 60-

69 years, 8 patients aged 70-79 years, and 2 patients aged 
80-89 years; in comparison, sclerosis was reported in 5 
patients aged 40-49 years, 16 patients aged 50-59 years, 12 
patients aged 60-69 years, 7 patients aged 70-79 years, and 
3 patients aged 80-89 years (Figs. 3B and C). A linear as-
sociation was found between the presence of sclerosis and 
age (P<0.05) (Fig. 3). 

Discussion
TMJ-OA is a disease of the bone, cartilage, and sup-

porting tissues of the TMJ and results from both mechan-
ical and biological events that lead to the degeneration of 
the TMJ. The degeneration not only impacts the cartilage 
of the TMJ, but also is present in the subchondral bone.21 
The degeneration leads to osseous erosion, flattening, 
sclerosis, and occasionally osteophyte formation occur-
ring at the joint margins. 

The RDC/TMD, a widely-used diagnostic system for 
TMD, is a very reliable and comprehensive system for the 
assessment of OA; however, it does not offer scoring op-

Fig. 3. Incidental findings of articular eminence degeneration. A. Sex distribution of erosion, sclerosis, and resorption. B. Erosion. C. Scle-
rosis. D. Resorption.

A B

C D
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tions for severity. Other methods reported in the literature 
offer scales for the severity of TMD changes but do not do 
so specifically for OA.20,22,23 For this reason, this study ex-
panded the investigation of the patterns (based on both sex 
and age) of radiography features associated with the severi-
ty of TMJ-OA.

In this study, the overall prevalence of TMJ-OA was re-
ported to be 65.5%, which closely aligns with the report-
ed prevalence of full-body OA of approximately 68.3%. 
Condylar flattening was the most common finding and was 
present in 86.6% of the joints, whereas advanced stages of 
degeneration such as sclerosis, resorption, and subchondral 
cyst were observed in approximately 10% of the TMJs (Ta-
ble 2). The RDC/TMD image analysis criteria considered 
condylar flattening with an absence of other changes to be 
a sign of remodeling and graded the joints with flattening 
only as indeterminate for OA.19 It has been suggested that 
remodeling, particularly condylar flattening, should be con-
sidered to be a functional adaptation.24 Furthermore, based 
on extensive osteophyte formation (14.9%) and condylar 
erosion (15.7%), nearly 15% of the patients were deter-
mined to have severe TMJ-OA (Table 2).

Amongst the various etiological factors of OA, research-
ers now agree that age and sex are the most important con-
tributors. According to the present study, the prevalence of 
TMJ-OA was significantly higher for female than for male 
participants (P<0.05) (Fig. 1A). Furthermore, this study 
found a statistically significant difference between male 
and female patients in terms of osteophyte formation and 
condylar erosion, parameters used to evaluate the severity 
of TMJ-OA (Fig. 1B). Female subjects had a significantly 
higher percentage of moderate and extensive osteophyte 
formation and condylar erosion than male subjects. Our re-
sults are further supported by a study published by Mani et 
al., who also observed a female predilection of TMJ-OA in 
their computed tomographic study.25-27

TMJ-OA has a female preponderance and occurs mainly 
after puberty during the reproductive years, suggesting a 
possible function of female hormones in the disease pro-
cess.28 Independent studies have shown the byproducts of 
estrone/17β-estradiol serving as proinflammatory metab-
olites in OA synovial cells of the knee joint, the inhibitory 
effect of estrogen on mandibular condylar chondrocyte 
proliferation, and the degradation of cartilage and destruc-
tion of subchondral bone induced by estrogen in TMJ-
OA.29,30 Moreover, as found by Wang et al., these effects 
of estrogen can be inhibited by an estrogen receptor antag-
onist.31 All of these findings strengthen the conclusion that 
estrogen plays a role in the sexual dimorphism of TMJ-OA. 

However, estrogen has also shown an inhibitory effect on 
the expression of nitric oxide, which constitutes a protec-
tive effect by estrogen on the TMJ chondrocyte.32 There-
fore, the role of estrogen in TMJ-OA pathogenesis is still 
inconclusive. Furthermore, in this study, no sex difference 
was found in terms of the osseous changes in the mandibu-
lar fossa and articular eminence. 

Another aim of this study was to evaluate age and its cor-
relation with the prevalence and severity of TMJ-OA. The 
prevalence of this condition peaks in the fifth to the sixth 
decade of life (Table 1, Figs. 2 and 3). Benhardt et al. found 
the prevalence of OA of the TMJ on clinical and mag-
netic resonance imaging examinations to be 25% among 
individuals 20-49 years old.12 In comparison, Schmitter 
et al. found a prevalence of TMJ-OA of 70% among par-
ticipants 73-75 years old.13 The increase in the prevalence 
and prevalence of OA with age is likely a consequence of 
cumulative exposure to various risk factors and biological 
changes that occur with aging that may make a joint less 
able to cope with stress, such as cartilage thinning, weak 
muscle strength, decreases in proprioception, and oxidative 
damage.33 In the present study, condylar flattening was the 
most common sign of TMJ-OA and was consistently pres-
ent in all age groups after 30 years of age (Fig. 2A). Other 
degenerative changes including condylar resorption, con-
dylar sclerosis, and subcondylar cyst were common find-
ings and were prevalent in the age groups of 50-59 years, 
60-69 years, and 70-79 years (Figs. 2B-D). Considering the 
severity, osteophyte formation and condylar erosion were 
prominent features from the fourth decade of life onward 

(Figs. 2E and F). Changes in the articular eminence such 
as erosion, sclerosis, and resorption were also commonly 
found during the fourth decade of life and later (Figs. 3B-
D).

Chondrocytes are unique cells that may be particularly 
prone to aging-related changes.34 As one ages, little to no 
cell division or cell death occurs in normal adult articular 
cartilage, and no ready supply of progenitor cells appears 
to exist to replace chondrocytes if they do die.35 Besides 
limiting cell replication, changes that occur in aging cells 
can result in the senescent secretory phenotype. This phe-
notype is characterized by the increased production of cy-
tokines (including interleukin-6 and interleukin-1), matrix 
metalloproteinases, and growth factors such as epidermal 
growth factor. The accumulation of cells expressing the 
senescent secretory phenotype can contribute to tissue 
aging.36,37 All of these contributing factors align with the 
results of this study, which showed a higher prevalence of 
TMJ-OA in the fourth decade of life and later. 
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As is typical for scientific studies, this study had its 
limitations. First of all, including a nearly equal number 
of participants in all age groups would have provided a 
more accurate statistical outcome. Second, considering the 
specific ethnic or racial demographics of the participants 
would have provided clearer results indicating the geo-
graphic distribution of TMJ-OA. Finally, due to the radia-
tion dose involved, it is challenging to curate CBCT scans 
of younger individuals unless they are being imaged for a 
specific reason, such as for management of a syndrome or 
preparation for a surgical procedure. In the future, it would 
be valuable to include an adequate number of patients in 
each group to study the progressive changes in the TMJ 
complex.

Based on the data evaluated, it can be concluded that 
women have a significantly higher prevalence and severity 
of TMJ-OA than men. The present study also found TMJ-
OA in 65% of the male population. Additionally, the prev-
alence and severity of TMJ-OA increased with age, and a 
progressive increase in the prevalence of TMJ-OA was ob-
served with each decade starting with the fourth decade of 
life. 

Conflicts of Interest: None
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