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Abstract
Background. Cone-beam computed tomography (CBCT) enables the radiographic examination and 
evaluation of osseous changes in the temporomandibular joint (TMJ). 

Objectives. The aim of  this study was to determine the prevalence of various bony changes in TMJ in 
patients from a wide age range as well as to evaluate the CBCT findings of TMJ osteoarthritis (OA) and 
correlate them with age.

Material and methods. The study included the CBCT images of 150 patients (43 males and 107 fe-
males) who were refferred to the Department of Dentomaxillofacial Radiology for the evaluation of TMJs. 
Each TMJ was evaluated separately for the presence of any osseous changes in the condylar head or articu-
lar fossa/eminence, and for joint space narrowing.

Results. The mean age of  the sample was 37.26 years (range: 10–90 years). A  total of  101 (67.3%) 
patients presented 1 or more osseous changes. No significant differences were found between the right 
and left TMJs concerning the prevalence rates of osseous changes. Significant differences were found in 
the mean ages with regard to the absence and presence of the following findings: condylar erosion, osteo-
phytes, loose bodies, erosion in the articular fossa, and joint space narrowing.

Conclusions. Degenerative changes in TMJ may reflect an age-related bone remodeling process. Older 
patients may have more common findings of OA, such as condylar and articular erosion, osteophytes, loose 
joint bodies, and joint space narrowing.
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Introduction 
Osteoarthritis (OA) is a term that describes an age-related  

non-inflammatory disease starting with changes within  
the bone and spreading over the tissues of the joint to the 
subsequent degeneration of  articular surfaces.1 This con-
dition is sometimes called degenerative joint disease and 
involves a remodeling process that aims to adapt the struc-
ture of the temporomandibular joint (TMJ) to mechanical 
forces to ensure normal functioning.2 Excessive or continu-
ing forces lead to the progressive degeneration of the bony 
articular surfaces of TMJ, which eventually results in the ra-
diographic findings of OA, such as flattening, the formation 
of  osteophytes and loose bodies, erosion, a  reduced joint 
space, subcortical sclerosis, and cysts.3 It should be noted 
that the remodeling of TMJ may be detected in the absence 
of symptoms and clinical signs. Severe osseous changes and 
the presence of clinical symptoms, such as pain or dysfunc-
tion, indicate the advanced stages of TMJ OA.4

Cone-beam computed tomography (CBCT) provides de-
tailed 3-dimensional (3D) images for the diagnosis of degene-
rative changes in TMJ, at the same time ensuring a  lower 
radiation dose, a  shorter exposure time, a  higher spatial  
resolution, and a lower cost as compared to computed to-
mography (CT).5,6 Although it is well-acknowledged that 
CBCT provides information about the osseous compo-
nents of TMJ, it also images in detail the structures of TMJ, 
thereby contributing to the early detection and staging 
of OA as well as to the monitoring of changes in the dis-
ease over time.7 The Research Diagnostic Criteria for Tem-
poromandibular Disorders (RDC/TMD) – a  standardized 
protocol to diagnose TMD – was proposed in 1992 and 
has been developed to provide the image analysis for OA.2,8

The aim of this study was to determine the prevalence 
of various bony changes in TMJ in patients from a wide 
range of  age as well as to evaluate the CBCT findings 
of TMJ OA and correlate them with age.

Material and methods
This retrospective study was approved by the Research 

Ethics Board of Hacettepe University in Ankara, Turkey 
(GO 19/02). The CBCT images of 150 patients (43 males 
and 107 females) referred to the Department of  Dento-
maxillofacial Radiology, Faculty of Dentistry of Hacettepe 
University for the evaluation of TMJs between June 2017 
and May 2018 were included in the study.

The CBCT images were obtained using the i-CATTM 
Next Generation device (Imaging Sciences International, 
Hatfield, USA) with a tube voltage of 120 kV, a tube cur-
rent of 5 mA and a voxel size of 0.2 mm. All examinations 
were performed in a maximum intercuspation position. 
A series of axial views of 1-millimeter thickness was au-
tomatically produced following the reconstruction of the 
raw data. The TMJs were evaluated on the TMJ screen 
of  the CBCT software from the lateral images perpen-
dicular to the long axis of the condyle and coronal images  
parallel to the long axis of the condyle.9 The slice thickness 
and the distance between slices were 1 mm. The presence 
of an osseous change was confirmed when it was detected 
in at least 2 consecutive slices.10

The mean age of  the sample was 37.26 years (range: 
10–90 years). Table 1 shows the distribution of the sample 
according to age and gender. A total number of 300 TMJs 
were evaluated. Age, gender and osseous changes were 
recorded for each patient. After excluding CBCT scans 
obtained for the imaging of initial injuries or the post-
treatment evaluation of TMJ and inflammatory arthritis, 
the presence or absence of  the following characteristics 
were evaluated based on RDC/TMD2:
– bony changes in the condylar head:

 • flattening – the loss of the convex form of the articular 
surface,
 • erosion – the loss of  continuity in the cortical bone 
margin,
 • osteophytes – marginal hypertrophy with sclerotic 
borders and the exophytic angular formation of  the 
osseous tissue arising from the surface,

 • loose joint bodies – calcified structures that are not con-
tinuous with the disk or osseous structures of the joint,
 • subcortical sclerosis – an  increase in the thickness 
of the cortical plate,
 • a subchondral cyst – a cavity below the articular sur-
face that deviates from the normal marrow pattern,
 • condylar hypoplasia or hyperplasia – the size of  the 
condyle is small or large from all dimensions, but its 
morphology is normal, and
 • condylar bifidity2,11;

– bony changes in the articular fossa:
 •  erosion,
 •  sclerosis,
 •  resorption, and
 •  the flattening of the articular eminence9,11;

– joint space narrowing – a reduction in space (<1.5 mm) 
in all directions (anterior, superior and posterior).10

Table 1. Distribution of the sample according to age and gender

Gender
Age [years] Total 

(n)
Percentage 

[%]10–19 20–29 30–39 40–49 50–59 60+

Male (n) 8 11 6 3 9 6 43 28.7

Female (n) 19 27 19 17 16 9 107 71.3

Total (n) 27 38 25 20 25 15 150 100.0



Dent Med Probl. 2020;57(1):67–72 69

Data analysis 

The IBM SPSS Statistics for Windows software, v. 23.0 
(IBM Corp., Armonk, USA) was used for the data analy-
sis and statistical procedures. The descriptive statisti-
cal data was recorded, and the independent samples 
t‑test was conducted to assess the relationship between 
age and the percentages of  degenerative bony chan-
ges. The prevalence rates of bony changes in the right 
and left sides were compared by means of McNemar’s  
test. A p-value <0.05 was considered statistically sig-
nificant.

Results
Out of  the 150 patients included in this study, 49 pa-

tients (32.7%) had no radiographic changes in the con-
dyle, articular fossa/eminence or joint space, whereas 
101 patients (67.3%) did. The examplary images of osse-
ous changes in the TMJs are shown in Fig. 1.

Table 2 shows the comparison of  osseous changes with 
regard to the right and left TMJs. The results of McNemar’s  
test showed that the prevalence rates among the 2 sides 
were not significantly different (p = 0.442).

Table 3 shows the frequency distribution of  osseous 
changes according to patients and TMJs. Of the 300 TMJs, 
108 (36%) showed condylar flattening, 39 (13%) showed 
condylar erosion, 30 (10%) showed condylar osteophytes, 
28 (9.3%) showed condylar sclerosis, 8 (2.7%) showed 
subchondral cysts, 25 (8.3%) showed condylar hypopla-
sia or hyperplasia, and 3 (1%) showed condylar bifidity.  

Fig. 1. Examples of the CBCT images of osseous changes in the temporomandibular joints (TMJs)

A – condylar flattening, subcortical sclerosis and joint space narrowing in a female aged 53 years; B – loose calcified body in a male aged 62 years; C – erosion in the 
condylar head and the sclerosis of the articular fossa in a female aged 58 years; D – osteophyte formation of the condyle in a female aged 45 years; E – subchondral 
cyst and the flattening of articular surfaces in a female aged 50 years; F – bifid condyle in a male aged 48 years; G – condylar hypoplasia in a female aged 20 years; 
H – osteophyte formation of the condyle, the sclerosis of the articular fossa and the flattening of the articular eminence in a male aged 69 years.

Table 2. Comparison of osseous changes with regard to the right and left TMJs

McNemar’s test

Left TMJs

with 
bone  

changes

without 
bone  

changes
total

Right 
TMJs

with bone changes 74 11 85

without bone changes 16 49 65

total 90 60 150

Table 3. Frequency distribution of osseous changes according to patients 
and TMJs

Osseous changes
Number 

of patients 
(n)*

Percentage 
of patients 

[%]

Number 
of TMJs 

(n)**

Percentage 
of TMJs 

[%]

Condylar flattening 71 47.3 108 36.0

Condylar erosion 30 20.0 39 13.0

Condylar osteophytes 26 17.3 30 10.0

Condylar sclerosis 24 16.0 28 9.3

Subchondral cyst 7 4.7 8 2.7

Condylar hypoplasia/
hyperplasia

18 12.0 25 8.3

Bifid condyle 3 2.0 3 1.0

Flattening of the 
articular eminence

14 9.3 16 5.3

Sclerosis of the 
articular fossa

3 2.0 3 1.0

Erosion in the articular 
fossa

13 8.7 17 5.7

Joint space narrowing 25 16.7 35 11.7

Loose bodies 6 4.0 7 2.3

* out of N = 150; ** out of N = 300.
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in evaluating the bone structures of TMJ. However, CBCT 
does not display Hounsfield units (HU) as in medical CT,14 
and is more sensitive to artefacts caused by motion and 
metal objects.5,6 Despite the superior features of  CBCT 
imaging in the detection of bone alterations, diagnostic in-
formation is limited to osseous morphology, cortical bone 
integrity and subcortical osseous changes. Magnetic reso-
nance imaging (MRI) is indicated when soft-tissue patho-
logy or an inflammatory condition is suspected.4,7

Prior studies on CBCT evaluating the effect of the voxel 
size on the detection of osseous defects in TMJ have demon-
strated that images reconstructed with a smaller voxel size  
(≤0.2 mm) have a higher spatial resolution and adequate 
diagnostic accuracy.15,16

The detection of degenerative changes in TMJ is sub-
stantial in both symptomatic and asymptomatic patients. 
Radiographic findings give important information regard-
ing the presence and severity of bone alterations in TMJ. 
Since some of  these alterations may be part of  an  age- 
related remodeling process or may comprise a physiologi-
cal response, they can occur in asymptomatic patients. 
Hence, it is not always possible to correlate the radio-
graphic data with the clinical status.11,17 The CBCT scans 
included in this study were taken with the aim of  imag-
ing TMJs and were retrieved from the computer database. 
Consequently, the CBCT assessments did not take into 
account the patients’ clinical status.

The present study was designed to evaluate the preva-
lence and imaging characteristics of bony changes in TMJ, 
and intended to identify the relationship between each 
bony change of OA and age. The radiographic evaluation  
of  osseous changes was made based on the RDC/TMD  
image analysis criteria.2 Of the 150 patients who were referred  
for the evaluation of TMJs, 101 (26 males and 75 females) 
had the findings of TMJ OA. Some studies have reported 
that women are more likely to develop OA, which is mainly 

The flattening of the articular eminence was observed in 
16 (5.3%) TMJs. Three (1%) joints showed the sclerosis 
of  the articular fossa and 17 (5.7%) showed erosion in 
the articular fossa. Joint space narrowing was observed 
in 35 (11.7%) TMJs and loose bodies were observed in  
7 (2.3%) joints.

Table 4 shows the frequency of osseous changes in the 
condyle and the respective mean ages. There were sig-
nificant differences in the mean ages with regard to the 
absence and presence of condylar erosion (p = 0.001), os-
teophytes (p = 0.001) and loose bodies (p = 0.005). No dif-
ferences were found with respect to condylar flattening, 
condylar sclerosis or subchondral cysts.

Table 5 shows the frequency of changes related to the 
articular fossa, the articular eminence and joint space, 
and the respective mean ages. Significant differences were 
found in the mean ages with regard to the absence and 
presence of erosion in the articular fossa (p = 0.006) and 
joint space narrowing (p  =  0.017). No differences were 
found with respect to the flattening of the articular emi-
nence or the sclerosis of the articular fossa.

Discussion
Cone-beam computed tomography imaging has been 

widely applied in the temporomandibular region, and has 
been proven to have superior diagnostic reliability in the 
detection of osseous abnormalities in TMJ as compared to 
plain radiography and conventional tomography.12,13 Cone-
beam computed tomography is found to be comparable to 
multi-slice CT in the detection of morphological changes 
in TMJ, and consequently is preferable to CT, as it comes 
with a lower radiation dose and high diagnostic reliability 

Table 4. Frequency of osseous changes in the condyle and the respective 
mean ages

Osseous changes
Number 
of TMJs 

(n)

Percentage 
of TMJs 

[%]

Age 
[years] p-value

Condylar flattening 
   present 
   absent

 
108 
192

 
36.0 
64.0

 
38.95 ±17.09 
36.27 ±18.21

 
0.212

Condylar erosion 
   present 
   absent

 
39 

261

 
13.0 
87.0

 
45.87 ±18.81 
35.95 ±17.35

 
0.001

Condylar osteophytes 
   present 
   absent

 
30 

270

 
10.0 
90.0

 
49.00 ±16.53 
35.93 ±17.51

 
0.001

Condylar sclerosis 
   present 
   absent

 
28 

272

 
9.3 

90.7

 
41.28 ±18.70 
36.36 ±17.37

 
0.157

Subchondral cyst 
   present 
   absent

 
8 

292

 
2.7 

97.3

 
45.00 ±7.40 
37.02 ±17.99

 
0.212

Loose bodies 
   present 
   absent

 
7 

293

 
2.3 

97.7

 
55.57 ±20.63 
36.80 ±17.56

 
0.005

Data concerning age presented as mean ± standard deviation (SD).

Table 5. Frequency of changes in the articular eminence, articular fossa 
and joint space, and the respective mean ages

Osseous changes
Number 
of TMJs 

(n)

Percentage 
of TMJs 

[%]

Age 
[years] p-value

Flattening of the 
articular eminence 
   present 
   absent

 
 

16 
284

 
 

5.3 
94.7

 
 

45.31 ±17.46 
36.78 ±17.77

0.062

Sclerosis of the 
articular fossa 
   present 
   absent

 
 

3 
297

 
 

1.0 
99.0

 
 

45.33 ±10.59 
37.15 ±17.88

0.430

Erosion in the 
articular fossa 
   present 
   absent

 
 

17 
283

 
 

5.7 
94.3

 
 

49.38 ±15.88 
37.07 ±17.96

0.006

Space narrowing 
   present 
   absent

 
35 

265

 
11.7 
88.3

 
43.97 ±16.12 
36.35 ±17.88

0.017

Data concerning age presented as mean ±SD.
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attributed to the hormonal differences between men and 
women.9,18,19 The potential role of sex hormones has been 
suggested in articular bone resorption and degeneration.20

The prevalence of  osseous changes in TMJ detected 
in this study (67.3%) was similar to the results reported 
by dos Anjos Pontual et al. (71%) and Chang et al. (73%), 
which may be due to the fact that all the patients included 
in the sample were referred for the CBCT examination 
with the initial diagnosis of a TMJ disease.18,21

The patients with changes of  TMJ OA ranged in age 
from 10 to 82 years, with a mean age of 38.9 years, which 
was significantly higher as compared to those without 
any findings (mean age: 33.8 years; range: 10–90 years; 
p = 0.02). This result indicates that OA is common even 
in children and young adults, and is in agreement with the 
findings of other authors.18,22,23 Some researchers have re-
ported an association between an increasing age and the 
prevalence of TMJ OA,9,18 whereas others have found no 
such correlation.24,25

In the present study, bony changes in the condyle were 
more frequently detected than changes in the articular 
eminence and articular fossa. The most frequent finding 
in this study was condylar flattening, which is mostly con-
sistent with previous studies.9,18,19,24 However, this finding 
is incompatible with the results reported by Massilla Mani 
and Sivasubramanian, who found erosion as the predomi-
nant finding,26 and by Nah, who found sclerosis to be the 
most common finding.27 The discrepancy between these 
results may be attributed to gender and age differences, 
racial/ethnic disparity and the diagnostic criteria for OA.

The current findings, showing no significant mean 
age differences with regard to the absence and presence 
of condylar flattening, may suggest that this bony change 
might be a  physiological response rather than a  sign 
of age-related degeneration.

As degeneration progresses into the bony structures 
of TMJ, changes in bone surfaces occur, and the progress 
eventually results in bone erosion. The present results 
demonstrated that condylar erosion is more prevalent in 
older patients.10

In this study, the mean age of  the patients with TMJ 
osteophytes was significantly higher as compared to the 
patients without osteophytes, which is in accordance with 
previous studies, reporting a  higher prevalence of  TMJ 
osteophytes at older age.9,28

At the advanced stage of TMJ OA, the structural dete-
rioration of the subchondral bone leads to the thickening 
of the subchondral bone plate and an increase in bone den-
sity becomes evident. This elevated bone density is called 
subcortical sclerosis and has been strongly associated with 
the formation of  subchondral cysts.29 No significant dif-
ferences were found in the mean ages with regard to either 
the absence and presence of  subcortical sclerosis or the 
absence and presence of subchondral cysts in this study.

Although loose joint bodies were amongst the less fre-
quent condylar findings in this study, a significant difference  

was noted between the mean ages of the patients with and 
without loose bodies. Additionally, all cases with loose 
bodies were associated with other findings of condylar OA, 
such as erosion, sclerosis, osteophytes, and cyst formation. 
According to Ahmad et al., the presence of  loose bodies 
may be considered as an  indicator of OA in cases of  the 
concomitant presence of other features of TMJ OA.2

The flattening of the articular eminence and erosion in 
the articular fossa were the most common temporal bone 
changes of OA in this study. The mean age of the patients 
with erosion in the articular fossa was significantly higher 
as compared to the patients with a normal articular fossa. 
However, no difference was found for the flattening of the 
articular eminence, although the p-value was close to be-
ing significant (p = 0.062).

The sclerosis of  the articular fossa was the least com-
mon radiographic finding in this study (1%). The present 
results are consistent with the studies in which the mean 
ages of the patients were similar with regard to the absence 
and presence of the sclerosis of the articular fossa.24,25

The RDC/TMD criteria suggest the evaluation of  the 
joint space in a maximum intercuspation position of the 
condyle, because the joint space can change during mas-
tication or mouth opening.2 The narrowing of  the joint 
space was one of  the common alterations in this study, 
which coexisted with other signs of OA in all cases. The 
current findings suggest that joint space narrowing in all 
directions may be a feature of OA.

Conclusions
In conclusion, degenerative changes in TMJ may reflect 

an  age-related bone remodeling process. Older patients 
may have more common findings of OA, such as condylar 
and articular erosion, osteophytes, loose joint bodies, and 
joint space narrowing.
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