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Objective: The aim of this study was to assess bone changes and mobility in
temporomandibular joints (TMJs) using cone beam CT (CBCT) in a population sample in
Recife, PE, Brazil.
Methods: The TMJ images of patients treated by a radiologist at a private dental radiology
service over a period of 1 year were retrieved from the computer database and assessed using
a computer with a 21-inch monitor and the iCAT Cone Beam 3D Dental Imaging System
Workstation program (Imaging Sciences International, Hatfield, PA). The Pearson x2 test
was used to analyse the differences in percentage of bone changes among the categories of
mobility (p # 0.05). The McNemar test was used to compare the presence of bone changes in
TMJs on the right and left sides (p # 0.05).
Results: An adjusted logistic regression model was used to assess the effect of age and
gender on the occurrence of bone changes (p # 0.05). Bone changes were present in 227
(71%) patients. Age group and gender showed a statistically significant association with
presence of bone changes (p # 0.05). There was no significant difference between the right
and left sides (p 5 0.556) and in condylar mobility (p 5 0.925) with regard to the presence of
degenerative bone changes.
Conclusions: There is a high prevalence of degenerative bone alteration in TMJs, which is
more frequent in women and mostly located in the condyle. The prevalence of degenerative
bone changes increases with age. There is no correlation between condylar mobility and the
presence of degenerative bony changes in TMJs.
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Introduction
Temporomandibular joint disorders (TMDs) are considered a subdivision of musculoskeletal pathologies and
are the main source of orofacial pain of non-dental
origin.1 The most common clinical signs and symptoms
of TMDs are joint pain, muscle pain, mouth-opening
limitation, clicking and crepitation.2 TMDs are frequently associated with degenerative bone changes
involving the bone structures of the temporomandibular
joint (TMJ) such as flattening, erosion, osteophytes,
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subchondral bone sclerosis and pseudocysts.3 Knowledge
about these bone changes is fundamental for correctly
diagnosing the dysfunctions associated with the disease
and for adequate treatment planning.4
A radiographic examination is part of the clinical
assessment routine for conditions of TMJ dysfunction
and the main objective is to verify degenerative bone
changes in the joint structures and the amplitude of
condylar excursion.5 The TMJ can be viewed using
panoramic and transcranial radiographs, conventional
CT, corrected tomography of the TMJ, cone beam CT
(CBCT), MRI and arthrography.6 CT has been the
method of choice to assess the contours of the cortical
bone and TMJ dynamics. However, it is a high-cost
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examination and requires a high dose of radiation.
CBCT is less costly and the dose of radiation is lower;
the amount of radiation varies according to the brand
of the appliance and the structure to be imaged. In
addition to these advantages, CBCT provides a threedimensional image of the maxillofacial mineralized
tissue with minimal distortion. CBCT has been shown
to be efficient in the diagnosis of several bone changes
that affect the TMJ.7
However, there are few studies on the prevalence of
bone changes in TMJ, particularly using CT. Therefore,
the aim of this study was to assess the prevalence of
degenerative bone changes in TMJs using CBCT and
correlate these with age, gender, type of alteration, side
and mobility.

Materials and methods
The Ethics Committee of the Centre of Health Science
of The Federal University of Paraı́ba (UFPB) (protocol
no. 319) approved the study. CBCT images of the TMJs
of patients who attended a private dental radiology
service in Recife, PE, Brazil from June 2007 to May
2008 were retrieved from the computer database and
assessed. The sample included TMJ images of 319
patients (250 women and 69 men).
The TMJ images of patients were obtained by the
same operator using CBCT (iCAT Classic; Imaging
Sciences International, Hatfield, PA) with a 14-bit
resolution, operating at 120 kVp, 5 mAs with a voxel
of 0.30 mm. The images were obtained in maximum
intercuspation and maximum opening. The primary
reconstruction of the raw data was restricted to the
TMJ region (approximately 1 cm superior to the
mandibular fossa and 1 cm inferior to the condylar
neck) and a series of axial views of 1 mm thickness were
automatically generated. The long axial view of the
examined condyle was traced with the TMJ tool and the
software generated lateral and frontal cross-sectional
reconstructions perpendicular and parallel to the long
axis of the condyle, respectively. The thickness of the
image slices was 1 mm and the distance between slices
was 1 mm for both lateral and frontal reconstructions.
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The reconstructions were assessed twice by a
radiologist with 5 years’ experience in diagnosing
changes of bone surfaces of the TMJ on CT images.
A minimum interval of 30 days between the evaluations of the same patient was established. If the
first and second assessments differed, readings were
repeated until a consistent result was obtained. Right
and left TMJs were evaluated separately, resulting in a
total of 638 TMJs. The TMJ images were assessed
using a computer with a 21-inch monitor and the iCAT
Cone Beam 3D Dental Imaging System Workstation
program (Imaging Sciences International). Age, gender, degree of condylar mobility and osseous changes
were recorded on an evaluation sheet for each patient.
In order to avoid misinterpretation, bone changes had
to be found in at least two consecutive slices. The bone
changes evaluated were flattening (a flat bony contour deviating from the convex form), erosion (an area
of decreased density of the cortical bone and the
adjacent subcortical bone), osteophytes (marginal
bony outgrowths on the condyle), sclerosis (an area
of increased density of cortical bone extending into the
bone marrow)16 and pseudocysts (well-circumscribed
osteolytic adjacent subcortical bone area without
cortical destruction). The bone changes are shown in
Figure 1.
Condylar mobility was interpreted using the lateral slices of the TMJ at maximum mouth opening
(Figure 2). The condyle mobility was assessed as follows: hypomobility (the condyle situated posteriorly to
the articular eminence), normal mobility (condyle just
under the articular eminence) and hypermobility (condyle situated anteriorly to the articular eminence).
Data analysis
The data were summarized using the percentage of
absolute and relative frequencies. The Pearson x2 test
was used to analyse the differences in percentages of
degenerative bone changes among the categories of
mobility (p # 0.05). The McNemar test was used to
compare the presence of bone changes in TMJs on the
right and left sides (p # 0.05). An adjusted logistic
regression model was used to assess the effect of age
and gender on the occurrence of degenerative bone
changes (p # 0.05).
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Figure 1 Lateral slices of the temporomandibular joint (TMJ) in maximum intercuspation. The classification of the condyle morphology was
(a) no bone change; (b) osteophyte; (c) flattening; (d) sclerosis; (e) erosion and (f) pseudocyst
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the TMJs on the left side was observed in 74 (23%)
TMJs. Hypermobility was found in 111 (35%) of the
TMJs on the left side. In relation to the evaluation of
the location of bone changes, it was similar for both
TMJs (Table 6).

Discussion
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Figure 2 Lateral slices of the temporomandibular joint (TMJ) in
maximum opening. The classification of condylar mobility was (a)
hypomobility, (b) normal mobility and (c) hypermobility

Results
The distribution of patients based on the presence of
bone changes in TMJs, gender and age are shown in
Table 1. 92 patients (29%) had no bone changes while
227 patients (71%) did. With the exception of patients
aged 80–89 years (of whom 58% had bone changes), the
prevalence of bone changes increased according to age
group. According to the adjusted logistic regression
model, age (categorized into age group) and gender
showed a statistically significant association with the
presence of bone changes (Table 2). Table 3 shows the
distribution of bone changes in TMJs based on side (left
or right). The results of the McNemar test show that
the proportions of TMJ bone changes showed no
significant difference between the sides (p 5 0.556).
Table 4 shows the distribution of TMJ bone changes
and their combinations according to type. The distribution of bone changes in TMJs on the right and left
sides according to mobility are presented in Table 5.
The Pearson x2 test showed that there was no
significant difference in the presence or absence of
bone changes in relation to condylar mobility (right
side, p 5 0.925; left side, p 5 0.279). Hypomobility of
Table 1 Distribution of patients based on the presence of bone
changes in temporomandibular joints (TMJ), gender and age
Bone changes in TMJ
Without
Gender
Women
Men
Total
Age group
(years)
10–29
30–39
40–49
50–59
60–69
70–79
80–89
Total

Total

%

n

%

n

%

63
29
92

25
42
29

187
40
227

75
58
71

250
69
319

78
22
100

21
29
16
11
9
1
5
92

40
31
26
24
24
6
42
29

31
64
46
35
29
15
7
227

60
69
74
76
76
94
58
71

52
93
62
46
38
16
12
319

16
30
19
14
12
5
4
100

n, number of patients
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Several radiographic methods are used to assess
degenerative bone changes that affect the TMJ. It is
essential to obtain a clear and precise image of the
region, but this can be difficult owing to the superimposition of adjacent structures, different angulations
of the condyle, limitation of mouth opening in some
patients, presence of artefacts and mandibular movements during the examination.8 Owing to the cost and
the high dose of radiation, Brooks et al6 suggested that
CT of the TMJ region be reserved for evaluation of
foreign bodies, cell reaction to silicon or polytetrafluoroethylene sheet implants, suspected tumours,
ankylosis and complex facial fractures. In a systematic
literature review, Hussain et al9 observed that advances
in CT have contributed to increased accuracy in the
diagnosis of degenerative bone changes in the TMJ.
However, this increase is not significant in relation to
corrected conventional tomography.9,10
According to Tsiklakis et al11 and Koyama et al,12
CBCT should be used instead of CT because the dose of
radiation to which the patient is exposed is much lower.
Furthermore, CBCT is superior to CT for visualizing
bone changes in the TMJ, analysing lateral slices in
isolation and combining coronal and lateral slices.11–13
Thus, CBCT was the imaging method used in this
study.
The sample selected for this study was representative
and showed prevalence of bone changes (71%) similar
to the study conducted by Koyama et al,12 who verified
63.7% of the joints of patients with TMDs using CT.
However, in the study of Capurso et al,14 degenerative
bone changes were seen in 19.6% of the 461 patients.
The higher prevalence of bone changes in our study
may be due to the fact that the sample of patients sent
to a private dental radiology service to undergo a
CBCT examination of the TMJs had clinical symptoms
or signs, such as pain and joint sounds. Also, there were
only 2 centres with this image modality in the city of
this study, which has 1 561 659 inhabitants.
Osteoarthritis of TMJs is more frequent in women
than in men.15,16 In our study, 78% of the patients were
female and 22% were male. LeResche15 found that pain
in the temporomandibular region is twice as common
in women than in men. The greater occurrence in
women may be explained by the hormonal influences
of oestrogen and prolactin, which may exacerbate
degradation of cartilage and articular bone in addition
to stimulating a series of immunological responses
in the TMJ.12,17 Nevertheless, Cruzoé-Rebello et al18
observed that both men and women share the same
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Table 2 Result of the adjusted logistic regression model for the presence of temporomandibular joint bone changes based on age and gender
Age
Gender
Constant

Coefficient

Standard error

Z score

p Value

95% confidence interval (range)

0.16
–0.78
0.46

0.08
0.29
0.35

1.94
–2.72
1.34

0.053
0.006
0.179

–0.002 to 0.316
–1.341 to –0.218
–0.213 to –1.143

characteristics with regards to internal derangements
and found that hormonal factors do not seem to play a
significant role in the manifestation of internal derangements in TMJs.
According to Alexious et al,16 patients in older age
groups are expected to have more frequent and severe
bone changes than those in younger age groups. In our
study, with the exception of patients aged 80–89 years,
the prevalence of bone changes increased with age, as
reported by Foucart et al,19 who assessed the TMJs of
patients with disc displacement without reduction, and
in agreement with LeResche,15 who found that pain in
the TMJ region occurs in approximately 10% of the
population over the age of 18 years. However, CruzoéRebello et al18 and Isberg et al20 did not find an
association between increased age and an increase in
bone changes; they found that a greater number of
individuals aged between 20 and 49 years showed TMJ
changes.
When assessing the influence of horizontal angulation
on the degenerative bone changes in the TMJ, CruzoéRebello et al18 suggested that one joint influences the
other and for that reason they cannot be considered
separately, as in the study by Nebbe et al21 and Alexious
et al.16 The movements of the mandible are co-ordinated
by both joints, which are functionally unified, and the
functional unification could justify the high prevalence
of bilateral bone changes, as observed by Katzberg22 and
in our study. Moreover, in our study, in spite of having a
higher prevalence of left-side TMJs with bone changes,
the difference was not significant compared with the
prevalence on the right side.
According to Campos et al,23 degenerative bone
changes are significantly more frequent in the condyle
than the articular eminence, which is in agreement with
the results of our study. Güler et al24 and Muller-Leisse25
also reported a high prevalence of condylar degenerative
changes in patients with internal derangements, as did
Hintze et al10 in samples of dried skulls. Degenerative
bony changes are characterized by the development of
osteophytes, erosion, avascular necrosis, subchondral
cysts and intra-articular loose bodies.23,26 These degenerative bone changes are considered radiological findings
Table 3 Distribution of bone changes in the temporomandibular
joints (TMJ) of 319 patients based on side
Left TMJ
Right TMJ
Bone changes
Without
With
Total

Bone changes
Without

With

Total

92
39
131

33
155
188

125
194
319

of osteoarthritis and have been demonstrated in painful TMJs.27,28 In our study, flattening and osteophyte
degenerative bone changes were the predominant findings. This was verified by Güler et al24 using MRI in
patients who had bruxism, by Alexious et al16 who, using
CBCT, found erosion, flattening and osteophytes to be
the most common radiographic finding of the condyle
and by Campos et al,23 who found osteophytes and
erosion to be more prevalent in their MRI study.
In our study, the high prevalence of flattening may be
explained by the possibility that this bone change
represents an adaptive alteration,18,29 the first change of
a progressive disease22 or degenerative change secondary to internal derangement.24,30 Flattening is also
considered a degenerative alteration resulting from
overload on the TMJ and it may be related to the
involvement of the masseter and temporal muscles.12
Osteophytes occur at an advanced stage of degenerative change when the body adapts itself to repair the
joint.9 The osteophyte appears to stabilize and widen the
surface in an attempt to improve the overload resulting
from occlusal forces, representing areas of neo-formed
cartilage. Erosion is the initial stage of degenerative
changes, indicating that the TMJ is unstable and changes
in bone surfaces will occur, probably resulting in changes
in occlusion.9 With regard to combinations of bone
changes, flattening accompanied by osteophytes was
more prevalent in our study, differing from the findings
by Güler et al24 in patients with disc displacement with or
without reduction. These authors found no flattening
or osteophytes in any of the TMJs assessed by MRI.
They found only a combination of osteophytes and
erosion and osteophytes and sclerosis.
Table 4 Distribution of temporomandibular joint bone changes and
their combinations according to type of bone change
Total
Bone change

n

Osteophytes
Erosion
Flattening
Subchondral bone sclerosis
Ankylosis
Osteophytes and flattening
Osteophytes and sclerosis
Erosion and flattening
Flattening and sclerosis
Flattening and pseudocysts
Osteophytes, erosion and flattening
Osteophytes, flattening and sclerosis
Osteophytes, flattening and pseudocysts
Osteophytes, flattening, sclerosis and
pseudocysts
Total

12
2
227
5
1
109
1
3
8
3
2
3
5
1
382

%
3
0.5
59
1.3
0.3
29
0.3
0.8
2.1
0.8
0.5
0.8
1.3
0.3
100

n, number of patients
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Table 5

Distribution of bone changes in temporomandibular joints (TMJ) on the right and left sides according to mobility
Presence of bone changes in the TMJ
Absence

Mobility
Right sidea
Normal mobility
Hypomobility
Hypermobility
Total
Left sideb
Normal mobility
Hypomobility
Hypermobility
Total

Presence

Total

n

%

n

%

n

%

56
32
37
125

38
41
39
39

90
46
58
194

62
59
61
60

146
78
95
319

46
24
30
100

50
36
45
131

37
49
59
41

84
38
66
188

63
51
60
59

134
74
111
319

42
23
35
100

aPearson

x2 5 0.1552, p 5 0.925
Pearson x2 5 2.5504, p 5 0.279
n, number of pateints
b

Table 6

Distribution of location of bone changes in temporomandibular joints (TMJ)
Location
Condyle

Articular eminence

Condyle + articular eminence

Condyle + articular eminence
+ glenoid cavity

Total

TMJ

n

%

n

%

n

%

n

%

n

%

Right
Left
Total

174
171
342

90
91
91

3
2
5

2
1
1

15
12
27

8
6
7

2
3
5

1
2
1

194
188
382

51
49
100

n, number of patients

De Coster et al31 found a positive relationship between
hypermobility and TMDs. According to PaláciosMoreno,29 Vasconcelos et al32 and Aquotti-Ilha et al,33
condylar mobility is also related to TMDs and therefore
this was one of the items assessed in our study. Most
patients were found to have normal mobility, followed
by hypermobility and hypomobility. Hypermobility
is a dysfunction that is usually associated with broader
degenerative bone processes with specific symptomatology, such as arthritis, arthrosis, osteoporosis, vertigo
and acute headaches.31 However, in our study, when
assessing the influence of condylar mobility in the presence of local degenerative bone changes, no correlation

was observed, which is similar to the study of Campos
et al,23 who found no significant difference in the
presence of degenerative bone changes between patients
with hypermobility and those with normal mobility on
MRI.
In conclusion, women have a greater predisposition to
degenerative bone changes in the TMJ. The prevalence
of degenerative bone changes increase with age, with the
exception of patients over 80 years. Flattening and
osteophytes are the most prevalent types of degenerative
bone changes. There is no correlation of the prevalence
of degenerative bony changes with condylar mobility
and the TMJ side.
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