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Tomographic evaluation of the 
temporomandibular joint in 
malocclusion subjects: condylar 
morphology and position

Abstract: The aim of this study was to investigate condyle concentricity 
and morphology, and their association with Class I and II malocclusions 
(Angle). The sample consisted of 49 individuals of both genders, between 
11 and 35 years old, divided into two groups, G1: 26 patients with Class I 
malocclusion, and G2: 23 patients with Class II malocclusion, selected 
for orthodontic treatment. Evaluation of the condyle morphology and 
position was performed by the same previously calibrated examiner 
using cone-beam computed tomography (CBCT) images of the subjects. 
The CBCT scans were analyzed by means of a 3D program (Dolphin 11.5, 
Dolphin Imaging & Management Solutions, Chatsworth, CA, USA), with a 
25% level of sensitivity. The images obtained from the coronal slices were 
employed for the condyle morphology analysis, which classified the condyle 
form as rounded, as flat or convex, and as triangular or angled. The sagittal 
slices were used to classify further the condyles as concentric and displaced 
anteriorly or posteriorly. A clinical examination was also performed, 
including TMJ and muscle palpation. The kappa test was used to evaluate 
investigator calibration; the Chi-square and paired t-tests were used for 
analysis. The convex and anteriorly positioned condyles were found most 
frequently, regardless of the type of malocclusion. No association was 
observed between the groups regarding condylar characteristics.
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Introduction
The temporomandibular joint (TMJ) is one of the most complex 

joints in the body and its harmonious functioning is very important to 
maintain a normal masticatory system. The morphologic alterations and 
the asymmetrical position of the TMJ structures may be influenced by 
different factors, such as dental absence, abrasion, premature contacts, 
parafunction, unilateral crossbite and dentoskeletal asymmetries.1

The morphology of the TMJ varies among individuals, and one of the 
factors that could influence its shape concerns the differences in functional 
loads imposed on it. This is based on the intimate relationship between form 
and function, and justifies the assumed differences in condyle and mandibular 
fossa morphology among subjects with different types of malocclusion.2 
However, the influence of the occlusion is not completely understood.1,2,3
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Although there are studies showing how joint 
characteristics relate to facial morphology,2,4 data 
are sparse and most studies focus mainly on the 
position of the condyle in the mandibular fossa, 
without mentioning its morphology.2 Conversely, 
several studies have evaluated condylar concentricity 
on tomographic scans, by using both symptomatic 
and/or asymptomatic samples,5,6,7,8 normal occlusion,9 
or different modalities of malocclusion.1,10,11,12,13 Despite 
the numerous studies, the condylar position in the 
population remains a controversial topic. Further 
investigation is required to understand the high 
prevalence of posteriorly positioned condyles in 
subjects with symptoms of temporomandibular joint 
disorder (TMD),14 considering the wide variation 
in condyle positioning observed in the population. 
Additionally, there are few data on how the anatomical 
architecture of the TMJ may predict a normal function 
or dysfunction, or even the progression of symptoms.15

In orthodontics, the condyle position may be of 
interest for two main reasons, its relation either to 
TMJ dysfunction or to different mandibular corpus 
positions, which could affect orthodontic diagnosis 
and treatment.16

Another important issue during patient treatment 
planning concerns changing the nonconcentric position 
of the condyles or leaving them unchanged, especially 
when the treatment involves orthodontic/prosthetic 
and surgical approaches that could potentially lead 
to changes in the condyle position. Prognosis-related 
issues in cases of changing the condyle position due 
to orthodontic and surgical procedures, and in cases 
of condyle fracture, still remain unsolved.17

Another issue of discussion has been the best 
method of evaluating the morphology and positioning 
of the condyles. Some authors5 have demonstrated the 
precision of computed tomographic (CT) images to 
evaluate the joint spaces, as compared with transcranial 
x-rays. Moreover, cone-beam computed tomographic 
(CBCT) scans are considered the most appropriate 
images to evaluate the anatomic structures of patients 
for best diagnosis and treatment planning.18,19

Considering that a malocclusion is a factor that 
could influence TMJ variation, the purpose of this 
study was to evaluate condylar morphology and 

concentricity in patients with Angle Class I and II 
malocclusion, using CBCT scans.

Methodology
This study was approved by the Research Ethics 

Committee of Universidade do Norte do Paraná - 
UNOPAR, protocol number Pt/0088/11. During the 
screening process, patients and parents/guardians 
were fully informed of both the objectives of the 
study and all the clinical procedures, and could 
participate if they so wished. All participants or 
parents/guardians signed an informed consent form.

The study sample comprised 49 patients of both 
genders, aged 11-35 years (mean age, 16.40 years), 
selected from the patient files of UNOPAR. The sample 
was divided into 2 groups: G1, 26 Class I subjects; and 
G2, 23 Class II, division 1 subjects, with a bilateral 
distal molar relationship equal to or greater than 
one-half cusp width.

Complete permanent dentition or a maximum of 
two missing teeth in different quadrants, excluding 
the third molars, was deemed as inclusion criteria. 
The patients had no history of previous orthodontic or 
TMD treatment. The malocclusion classification was 
based on plaster models according to Angle criteria.

Evaluation of the condylar morphology and 
position was performed by the same previously 
calibrated examiner, using CBCT images of the 
subjects. The images were obtained with i-CAT 
tomography (Imaging Sciences International, Hatfield, 
USA). The scanning protocol was 120kV, 36.9 mA, 
13 x 23 cm field of view, and 0.4-mm voxel, with patients 
in a natural head position. The images generated were 
exported to the DolphinTM 11.5 program (Dolphin 
Imaging & Management Solutions, Chatsworth, 
USA) in Digital Imaging Communication in Medicine 
(DICOM) format.

Initially, the head orientation images were 
standardized. Observed from a front view, the 
horizontal plane was aligned with the orbits. The 
skull was repositioned according to the Frankfort 
horizontal plane. After this procedure, a sagittal 
reconstruction of the TMJ was obtained (Figure 1), 
and the central point of the condyle was marked to 
reconstruct the images of the sagittal and coronal 
TMJ (Figure 2). The classification of the condylar 
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morphology was performed on a coronal slice, based 
on that proposed by Kinzinger et al.,10 which defines 
condylar forms as rounded (A), flat or convex (B), 
and triangular or angled (C), as shown in Figure 3.

Condylar concentricity was measured on the most 
centered sagittal slice, based on the formula proposed 
by Pullinger and Hollender,20 as shown below.

 P - A  x 100 (%)
P + A
The narrowest anterior (A) and posterior (P) 

articular spaces were calculated as shown in Figure 4. 
The concentric condyle in the articular fossa was 
indicated by a zero result, whereas a negative value 
indicated a posterior location and a positive value 
indicated an anterior location.

Clinical examinations were performed by a 
previously calibrated examiner. The presence of joint 
pain was detected during TMJ palpation performed 
bilaterally in the TMJ lateral and posterior aspects. 

The masticatory muscle examination comprised the 
palpation of the masseter and temporalis muscle.

Statistical Analysis
Statistical analysis was performed using GraphPad 

Prism 5.0 (GraphPad Software, San Diego, USA), BioStat 
5.0 (Instituto Mamirauá, Tefé, Brazil) and G Power 3.0 
(UCLA Institute for Digital Research and Education, 
Los Angeles, USA). A confidence interval of 95% and 
a significance level of 5% (p < 0.05) were adopted 
for all the tests. After performing the Shapiro-Wilk 
normality test, the quantitative data were described 
by the mean and standard deviation of the parameters 
and by the absolute (n) and relative frequency (%) of 
the qualitative data.

In order to avoid interexaminer error, a single 
investigator performed the measurements and the 
kappa test was used to evaluate investigator calibration 
in determining condyle morphology and concentricity. 

Figure 1. Sagittal view of the TMJ to perform the axial cuts.
Figure 2. Axial view of the central condyle point to reproduce 
the sagittal and coronal TMJ slices.

Figure 3. Coronal cuts for classification of condylar morphology: (A) Round, (B) convex (C) Angulated (Kinzinger et al.10).

A B C
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The Chi-square test was applied for comparison of 
morphology and condylar concentricity between the 
groups, and the paired t-test, for comparison between 
the anterior and posterior joint spaces between right 
and left side for the two groups.

Results
A pilot study for examiner calibration was conducted 

in order to evaluate the condylar morphology and 
concentricity. The kappa coefficient was 0.68 for condyle 
concentricity and 0.84 for condylar morphology.

There was no statistically significant intergroup 
difference in age (t = -0.11; p = 0.90). The age range 
of G1 was 11–35.6 years (mean, 16.25 ± 5.6 years) and 
that of G2 was 10.9-31.5 years (mean, 16.4 ± 6.0 years). 
Both groups showed a similar gender distribution 
(Chi-square = 0.64; p = 0.61). G1 comprised 8 male 
(30.77%) and 18 female (69.23%) patients, and G2, 10 
male (41.67%) and 14 female (58.33%) patients. Thus, 
it was assumed that the groups were matched for 
gender and age.

Con sider i ng t he condyla r  mor pholog y, 
no association was found regarding the type 
of malocclusion (Chi-square test with Yates 
correction = 3.34; p = 0.18) (Table 1).

The measurement of the articular spaces was 
similar for the right and left sides, and for both the 
anterior and posterior TMJ in G1. Similar data were 
observed in G2, except for the posterior articular space, 
which showed a statistically significant difference in 
values (p = 0.007) between the two sides. These data 
are presented in Table 2. Moreover, no difference 
was observed regarding condylar concentricity 
between the two groups (Chi-square test with Yates 
correction = 4.84; p = 0.08) (Table 3).

In relation to the clinical examination, no 
difference was detected between TMJ tenderness 
and malocclusion (Chi-square test 0.79; p = 0.54, 
Table 4). Muscle tenderness to palpation was not 
associated with malocclusion type (Chi-square 
test = 2.26; p = 0.22, Table 5).

discussion
The understanding of articular characteristics 

related to malocclusions may have clinical implications 
that are important for diagnosis and orthodontic 
treatment plans,19,21 which may change the condyle 
fossa relationship.

According to the results of this study, the 
condylar shape found was: G1, convex (57.7%), 
round (34.61%), and angulated (7.69%), and G2, 
convex (75%), round (20.83%), and angulated (4.17%), 
with no significant intergroup differences (Table 1). 
These numbers are in accordance with those of 
Kinzinger et al.,10 in regard to condyle morphology 
being convex (55%), round (25%), and angulated 
(20%) in Class II patients, based on coronal magnetic 
resonance (MR) images. Katzavrias et al.21 found 
predominantly oval (60.4%) and rounded (29.2%) 
condyles in sagittal slices. Likewise, Karlo et al.22 

found rounded condylar forms in children, also 
observed in sagittal slices. Solberg et al.23 found 
predominantly rounded (66%), followed by flattened 

Table 1. Comparison of condylar morphology between groups (Chi-square test with Yates correction, p > 0.05).

Condylar morphology
Total (%) p

Convex (%) Angulated (%) Round (%)

Group 1 30 (57.70) 04 (7.69) 18 (34.61) 52 (100.00)
0.18 ns

Group 2 36 (75.00) 02 (4.17) 10 (20.83) 48 (100.00)

ns: non-significant difference.

Figure 4. Sagittal cuts for measurement of the smallest 
joint spaces (anterior and posterior) to evaluate condyle 
concentricity: (A) Right condyle, (B) Left condyle.

A B
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(17%), and angular (17%) forms, in individuals 
of the same age, but the authors did not consider 
malocclusion in their study.

The controversy regarding the results cited may 
be justified by the difficulty in finding the best 
imaging method and suitable cuts for evaluating the 
morphology of the mandibular condyle. It is believed 
that the basic morphology of the condyle is established 
early in life, but changes during the individual’s 
lifetime, according to the functional load.24 Perhaps 
the most important avenue of investigation would be 
to determine whether different malocclusions might 
indeed generate functional overload. Analyzing 
the influence of Class I, II, and III malocclusions on 
the mandibular fossa, Burley25 emphasized that the 
occlusal contacts in patients with malocclusions 
produce no functional stimulation that may alter 
the contour of the mandibular fossa.

Condylar concentricity was another parameter 
evaluated in this study. The anterior condyle position 
was prevalent in both groups. In G1, 73% of the condyles 
were anterior, 25% were posterior, and only 2% were 
concentric, whereas in G2, 52% of the condyles were 
anterior, 45% were posterior, and 2% were concentric.

The anterior and posterior articular spaces were 
similar for the right and left joints. G1 presented 
an average of 1.6 ± 0.5 mm for the anterior articular 
spaces, and 2.0 ± 0.6 mm for the posterior articular 
spaces, on both sides (Table 2). Rodrigues et al.12 
also observed the anterior condyle displacement in 
a Class I sample, but with minor differences in the 
values of anterior (average of 1.3 mm) and posterior 
(average of 1.7 mm) articular spaces.

Similar data were observed for G2, with 2.0 ± 0.5 mm 
and 2.1 ± 0.8 mm for the anterior spaces, on the left 
and right sides, respectively. Regarding the posterior 
articular spaces, there was little statistically significant 
difference between the right (2.1 ± 0.8 mm) and 
left (2.3 ± 0.8 mm) sides (Table 2). Kikuchi et al.26 
found similar values for anterior (mean, 1.8 mm) 
and posterior (mean, 2.29 mm) articular spaces, in a 
sample of adolescents.

Anterior condylar displacement was also observed 
in several other studies, both in samples with Class I12 
and Class II7,11,12,27 malocclusions, and in patients with 
normal occlusion,9 as well as in samples where the 
type of malocclusion was not considered.6

In contrast, some studies10,21 that also evaluated 
the condylar concentricity in Class II patients showed 
posteriorly positioned condyles; the former study10 
was based on MR images. Although not statistically 
different, our results for G2 showed 45.83% of the 
condyles posteriorly positioned, whereas only 25% of 
the Class I patients presented this condition (Table 3). 
On the other hand, another study with Class II patients 
reported concentric condyles.2

As shown in the literature, a posteriorly aligned 
condyle observed in Class II division 2 subjects, unlike 
Class I or Class II division 1 patients, may occur due 
to distinct muscle characteristics. These subjects may 
present anteriorly positioned mastication muscles, 
which result in significant differences with respect to 

Table 2. Comparison of anterior and posterior joint space, 
mean (M), standard deviation (SD) and p value (p) between 
the two groups, in both joints (paired t-test).

Joint space

Anterior  
(M ±SD)

p
Posterior  
(M ±SD)

p

Group 1

Right side 1.65 ± 0.45
0.96 ns

2.04 ± 0.69
0.45 ns

Left side 1.64 ± 0.56 1.97 ± 0.67

Group 2

Right side 2.00 ± 0.57 
0.47 ns

2.00 ± 0.81
0.007 *

Left side 2.10 ± 0.86 2.33 ± 0.83

ns: non-significant difference.
* Statistically significant difference (p < 0.05).

Table 3. Comparison of condylar position between the groups (Chi-square test with Yates correction, p > 0.05).

Condylar position
Total (%) p

Anterior (%) Posterior (%) Concentric (%)

Group 1 38 (73.07) 13 (25.00) 01 (1.93) 52 (100.00)
0.08 ns

Group 2 25 (52.09) 22 (45.83) 01 (2.08) 48 (100.00)

ns: non-significant difference.
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the mechanical occlusal forces and their magnitude.4 

Therefore, it follows that the muscle overload on the 
TMJ in Class II division 2 patients differs from that 
of patients with other dentofacial morphologies.28 
Bearing in mind that TMJ morphology depends to 
some extent on its load, Class II division 2 patients 
must have specific morphological characteristics.2

During palpation procedures, 55.10% of the sample 
presented at least one TMJ tender site: G1- 50% and 
G2- 60.86% (Table 4). It is important to highlight that 
similar findings have been observed regardless of 
the type of malocclusion. This value is smaller than 
the 22.5% found in a similar Class I and II sample.29 

Some differences are expected due to the variation 
in palpation techniques and pressure; this makes 
comparisons very unreliable.

Regarding muscle tenderness to palpation, 
40.81% of the study sample had at least two tender 
sites (Table 5). Another study found a lower value 
(26%) in Class I and II malocclusion patients, but 
this could be justified, because only one tender site 
was considered.29

Although the clinical evaluation results showed a 
high number of nonconcentric condyles, this fact may 
not influence TMJ clinical signs. The few number of 
concentric condyles with reduced anterior articular 
spaces found in our study seems to be a common 
finding in different types of malocclusion patients.7,12,21 

These findings are relevant because patients with 
anteriorly displaced condyles do not require a different 
orthodontic approach. This clinical implication is 
important, since it has been reported that a more 
posterior relative position of the condyle in the 
mandibular fossa could be one of the reasons for 
anterior disc displacement, which frequently results 
in TMJ sounds.30

Conclusions
The convex condyle shape was the most prevalent 

in this study and Class I and II patients seem to 
present similar condyle morphology.

Regarding the condyle posit ion, anterior 
displacement was more prevalent regardless of the 
type of malocclusion.

Table 5. Association of muscle tenderness to palpation 
between the two groups (Chi-square test, p > 0.05).

Groups
Muscle tenderness to palpation

Total (%) p
Absent (%) Present (%)

G1 13 (50.00) 13 (50.00) 26 (100.00)
0.22 ns

G2 16 (69.57) 07 (30.43) 23 (100.00)

ns: non-significant difference.

Table 4. Association of TMJ tenderness to palpation between 
the two groups (Chi-square test, p > 0.05).

Groups
TMJ tenderness to palpation

Total (%) p
Absent (%) Present (%)

G1 13 (50.00) 13 (50.00) 26 (100.00)
0.54 ns

G2 09 (39.14) 14 (60.86) 23 (100.00)

ns: non-significant difference.
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