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ABSTRACT
Aim: The aim of the present study was to investigate the computed tomographic (CT) analysis of condyle-fossa relationship
in skeletal Class I and Class II vertically growing males. Materials and Methods: The selected cases were divided into
Group I: Control group, which comprised of 15 cases of skeletal Class I occlusion and Group II: Experimental group,
which comprised of 15 cases of skeletal Class II malocclusion with cephalometric evaluation done to categorize the growth
pattern. Occlusal state was evaluated on study models to exclude dentition with cross-bite, rotations, premature contacts,
and absence of teeth. CT scan analyses were done to evaluate temporomandibular joint in both axial and coronal sections
in centric occlusion. Results: Patients in Group II showed more angulated condyle, reduced posterior joint space, and
decreased superior joint space with significant statistical difference (P < 0.05) in comparison to Group I. Group II also
showed decreased glenoid-fossa width, less medial joint space, less condylar width anteroposteriorly but more mediolaterally
in comparison to Group I, but it was statistically insignificant. Conclusion: Group II patient with retrognathic mandible
showed more angulated condyle, which was positioned more posteriorly in the glenoid fossa with decreased superior joint
space and constricted glenoid width in comparison with Group I patient.
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Introduction
The last few years have seen an increase in emphasis on
the relationship of temporomandibular joint (TMJ) and
malocclusion by orthodontists, as it plays an important
role in planning orthodontic treatment. Occlusal
disharmony is caused by various factors such as tipped
and rotated molars, cross-bite, deep-bite, and various
individual tooth malocclusions. All these factors play an
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important role in causing or aggravating TMJ dysfunction.
The influence of occlusion on joint morphology is still
not completely understood. Various studies showed
a significant correlation between these variables. [1-6]
However, Cohlmia et al., [7] reported no relationship
between them. The mandibular condyle is generally
regarded as an active growth site, which responds to the
functional forces. Most orthodontists agree that larger
the discrepancy between the seated condyle and tooth
intercuspation, the more difficult is to achieve the desired
result posttreatment.[8] The significance of TMJ condylefossa relationship is still unclear. Many investigations
have reported nonconcentric relationships in 50-89%
of patients with TMJ disorders while other authors
report no association of symptoms to posterior condyle
position.[4] Anterior and posterior condylar positions have
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been associated with remodeling of the condyle and
articular eminence with the predisposition for arthrosis.
According to Bednar,[9] visualization of the TMJ is often
difficult because of its anatomy and the adjacent structures.
Danforth et al.,[10] stated that such difficulty might be
eliminated by the use of computed tomographic (CT),
which allows precise visualization of anatomic details.
Thus, reliable data concerning morphology, irregularities,
and condyle-fossa relationship can be obtained. CT scan
bony window shows the condylar relation to the glenoid
fossa in sections that can be measured to assess the joint
and its various forms in relation to malocclusion. Hence,
this study was conducted to assess the relationship of
condylar fossa of the TMJ with the help of CT scan in
subjects having Class I occlusion and in subjects having
Class II malocclusion.

Materials and Methods
The present study was conducted in the Government Dental
College and Hospital in coordination with Department of
Radiology. Ethical Committee clearance (Government
Dental College Ethical Committee Board, reference number
GDC/Ortho/002/07) was obtained from the board before
the commencement of the study. Cases were selected from
the Outdoor Patients Department of Medical and Dental
College. A total number of 100 patients were screened for
the study, meeting with following criteria:

Inclusion criteria
1.
2.
3.
4.

Age: 18-24 years was selected.
Gender: Only males were selected.
Class I occlusion and Class II malocclusion patients.
Vertically growing patient to avoid any biasness in different
growth pattern. Cephalometric analysis by Steiner’s
parameters, Y axis, gonial angle, and Wits appraisal was
performed to select vertically growing patient.

Exclusion criteria
1. Complete case history and clinical examination were
conducted to exclude those with a history of TMJ
disorders and pain.
2. Occlusal state was evaluated on study models to
exclude dentition with cross-bite, rotations, premature
contacts, and absence of teeth.
Selected cases were divided into two groups:
Group I: Control group, those who are having skeletal
Class I occlusion and meeting following cephalometric
parameters:
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a.
b.
c.
d.
e.
f.

SNA 82 ± 2°
SNB 80 ± 2°
ANB 0-4°
Wit’s appraisal -1 mm
Gonial angle >135°
Mandibular plane angle >30°.

A total number of 15 subjects were selected for this group.
Group II: Experimental group, those who are having
skeletal Class II malocclusion and fulfilling following
cephalometric parameters:
a. ANB >°.
b. Wit’s appraisal >2 mm.
c. Gonial angle >135°.
d. Mandibular plane angle >30°.
A total number of 15 subjects were also selected for this
group.
Selected subjects and their guardians were informed about
the study, and radiation exposure and informed consent
were obtained from them.
All the above-selected cases were analyzed with the help
of CT scan to assess and measure the TMJ. CT scan was
conducted on light speed VCT machine at 140 kV and
220 mA in the Department of Radiology, CHL-Apollo
Hospitals. Sections of 0.6 mm thickness CT scan slides
were taken to evaluate TMJ in both axial and coronal
sections in centric occlusion. Axial sections, which were
parallel to the Frankfort horizontal plane as well as coronal
sections which were parallel to N-Pog line were measured.
Axial sections having maximum condyle width within the
glenoid fossa were used for measurement. Coronal section
showing maximum mediolateral width in the glenoid fossa
was taken for measurement. All measurements were done
directly on CT scan machine.
In axial section, following measurements were taken:
• Anterior space (space anterior to the condyle in the
glenoid fossa) [Figure 1].
• Posterior space (space posterior to the condyle in the
glenoid fossa) [Figure 1].
• Medial space (space medial to the condyle in the
glenoid fossa) [Figure 1].
• Antero-posterior width of the glenoid fossa [Figure 1].
• Condylar angulation with the mid-sagittal plane [Figure 2].
• Mediolateral width of condyle [Figure 2].
• Antero-posterior width of condyle [Figure 2].
• Inter-condylar width (distance between the geometric
center of condyles).
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In coronal section, superior joint space or vertical depth
(space superior to the condyle in the glenoid fossa) was
measured [Figure 3].

Condylar position in glenoid-fossa was determined with
the help of the formula as suggested by Pullinger et al:[4]

This formula represents condylar position as percent
displacement from absolute concentricity, whereby a
perfectly centered condyle would be expressed as 0%. A
positive value indicates an anterior condylar positioning
and a negative value would indicate posterior condylar
positioning. Paired Student’s t-test was applied. Different
variables were compared between two groups by t-test to
check the difference in two samples.

Results
Figure 1: Computed tomographic scan of temporomandibular joint
showing axial section

Figure 2: Computed tomographic scan of temporomandibular joint
showing coronal section

The experimental group (Group II), which comprised of
skeletal Class II malocclusion with retruded mandible
showed more angulated condyle with reduced posterior
joint space in comparison with the control group (Group I).
The difference was statistically significant at P < 0.05
level [Table 1]. Group II also showed decreased superior
joint space in the glenoid fossa in comparison with the
Group I. The difference was statistically significant at
P < 0.05 level [Table 1]. There was less medial joint
space and decreased glenoid-fossa width in Group II
in comparison to Group I, but the difference was not
statistically significant at P < 0.05 level [Table 1]. Group II
showed a less condylar width anteroposteriorly but more
mediolaterally. The difference was statistically insignificant
at P < 0.05 level [Table 1]. No significant difference was
found in between the right and left side of TMJ in relation
to condylar angulation, anterior space, posterior space,
medial space, superior joint space, mediolateral condylar
width, and glenoid fossa width in Group II and Group I
subjects [Tables 2 and 3]. No significant difference in the
intercondylar width [Table 1] was found.
Table 1: Comparison of various TMJ characters in Group I
and Group II subjects
Character
Condylar angulation
Anterior joint space
Posterior joint space
Medial joint space
Vertical depth
Condylar width (A-P)
Condylar width (M-L)
Glenoid width
Inter-condylar width

Figure 3: Axial section showing medial and lateral space as M1 and
M2 for right condyle and as M3 and M4 for left condyle
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Mean
Class I Class II
75.6
67.2
3.6
3.7
3.4
2.6
5.0
4.3
3.0
2.4
7.8
7.5
16.5
17.2
16
12.5
98.08
96.4

P

Significance

0.000
0.636
0.002
0.213
0.000
0.189
0.087
0.0001
0.540

***
NS
*
NS
***
NS
NS
***
NS

Statistically significant: *P < 0.05, **P < 0.001, ***P < 0.001. NS: Statistically insignificant,
A-P: Anteroposterior, M-L: Mediolateral, TMJ: Temporomandibular joint
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Table 2: Comparison of various TMJ characters on right and le
sides of Group I subjects
Character
Condylar angulation
Anterior joint space
Posterior joint space
Medial joint space
Vertical depth
Condylar width (A-P)
Condylar width (M-L)
Glenoid width

Right
74.4
3.4
3.2
5.2
3.0
7.8
16.4
15.8

Mean
Le
76.9
3.8
3.5
4.7
3.1
7.9
16.5
16.2

P

Significance

0.036
0.420
0.315
0.235
0.407
0.931
0.624
0.240

*
NS
NS
NS
NS
NS
NS
NS

*P < 0.05 statistically significant, NS: Statistically insignificant, A-P: Anteroposterior,
M-L: Mediolateral, TMJ: Temporomandibular joint

Table 3: Comparison of various TMJ characters on the right and
le sides of Group II subjects
Character
Condylar angulation
Anterior joint space
Posterior joint space
Medial joint space
Vertical depth
Condylar width (A-P)
Condylar width (M-L)
Glenoid width

Mean
Right
Le
67.2
67.1
3.7
3.8
2.6
2.7
4.3
4.3
2.5
2.4
7.5
7.4
17.3
17.2
12.4
12.6

P

Significance

0.957
0.724
0.706
0.278
0.553
0.730
0.653
0.197

NS
NS
NS
NS
NS
NS
NS
NS

NS: Statistically insignificant, A-P: Anteroposterior, M-L: Mediolateral,
TMJ: Temporomandibular joint

Discussion
The relationship of malocclusion and TMJ disorders has
since long affected orthodontic treatment. The significance
of condylar position in the glenoid fossa in cases of TMJ
disorders caused due to different malocclusions is a
persistent controversy. This is mainly due to difficulties
associated with visualization of TMJ radiographically. This
may be a factor responsible for the discrepancies in the
results of different studies related to this joint. Researchers
have used various techniques to study the TMJ and its
correlation with the malocclusion. All the above methods
failed to give sufficient details of condylar position within
the glenoid fossa to permit measurement of TMJ structures.
However, even though their studies had limitations, they
have paved a way for future progress in the research, for
better and more accurate visualization of TMJ and its
structures. The present study was carried out using CT
scan, which was first introduced by Hounsfield in 1970’s.[9]
Result of the study showed that there is a significant
difference in condylar angulations, which showed reduced
condylar angulations in the experimental group than in
the control group showing altered condyle glenoid fossa
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relation. The angulations of the condyle were measured
in relation to the mid-sagittal plane. According to Kurita
et al.,[11] pathological changes at the lateral part of the
condyle might be responsible for TMJ pain and disc
displacement. TMJ disc is firmly fixed at the lateral and
medial aspects of the condyles. Change in the condylar
angulations to the mid-sagittal plane in the experimental
group moves the condyle more lateromedially resulting
in altered lateral and medial pole position leading to
altered disc attachment and its relation with the glenoid
fossa. Significant difference was seen in the posterior
space but no significant difference in anterior space was
noted, suggesting of decreased posterior space or retruded
condylar position in the glenoid fossa in the experimental
group. Previous study on condyle-fossa relationship in
different malocclusions and skeletal relationships was done
by taking males and female subjects done by Cohlmia
et al.,[7] and found no significant differences in both skeletal
cases. These discrepancies in results of different studies may
be related to difficult visualization of TMJ with previous
radiographic techniques.
Present study showed significant reduction of vertical depth
or superior joint space in skeletal Class II cases showing
a close approximation of the bony structures, therefore
these cases are more prone in causing condyle and glenoid
fossa erosions and degradation. Burke et al.[12] investigated
a possible correlation between condylar characteristics
and facial morphology in Class II adolescents. They used
tomograms to measure joint spaces and found patients with
vertical facial morphology had decreased superior joint
spaces. As we have selected cases with vertical growth
pattern only in this study, this might be the reason of
nonsignificant decreased superior joint space in Group II.
Results showed no significant difference in the condylar
width in anteroposterior and mediolateral dimension
but showed significant difference in glenoid width in the
Group II in comparison with Group I; suggest decreased
joint spaces again resulting in altered condyle-glenoidfossa relation in the experimental group. This could lead
to increased friction in the joint causing TMJ disorders.
Posterior positioning of condyle and reduced glenoid width
in experimental group vertical growers make them more
prone for TMJ disorders. No significant difference was
noted in intercondylar width in Group II in comparison
with Group I. As this study showed marked variations in the
condyle-glenoid-fossa relationship in the Group II, it can be
assumed that these cases could be more prone to internal
derangement, which may further lead to TMJ disorders.
Pullinger et al.[13] in 1985, through his study concluded that
malocclusion was associated with morphologic changes in
the TMJ, particularly when correlated with age, sex, and
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longer exposure to malocclusion may be associated with
more extensive TMJ changes. Earlier studies had shown
that there was a significant difference in the measurements
of males and females, to reduce this deviation and to get
more standardized results; we have restricted our study to
males only. This study showed that in group subjects on
the right side, condyles were more angulated. This result
corelates with the studies of Blaschke and Blaschke.[14]
They concluded that there was a great variation in the
condylar position in the glenoid fossa in centric occlusion
in normal asymptomatic group also. Earlier, this type of
correlation has not been studied; nonsignificant correlation
in this study may be due to selection of mild to moderate
malocclusions with vertical growth pattern only. Therefore,
maximum times, TMJ disorders are associated with
malocclusions.[15] In the future, if we try to correlate these
variables in severe malocclusion groups and with different
growth patterns, it might be possible that some significant
correlation may be observed.
The present study revealed that the experimental Group II,
which comprised of skeletal Class II malocclusion with
retruded mandible showed more angulated condyle with
reduced posterior joint space in comparison with the
control Group I. The difference was statistically significant
at P < 0.05 level [Table 1]. Group II also showed decreased
superior joint space in glenoid fossa in comparison with
the Group I. These results were also been supported by
the study done by Arieta-Miranda et al.[16] and the results
revealed that the anterior distance of the condyle to the
articular eminence was statistically significant when
comparing the Class I against the Class II (P = 0.033).

Conclusion
Based on the recorded data and statistical analysis, it can
be concluded that:
1. In skeletal Class II cases, condyle is more angulated and
positioned more posteriorly in glenoid-fossa.
2. There is decreased superior joint space and constricted
glenoid width in comparison with skeletal Class II subjects.
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