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ABSTRACT: -

Aim: The purpose of this study was to compare and evaluate the condyle-mandibular fossa relationship among
patients with skeletal Class I, Class Il Division 1 and Class Il malocclusion prior to orthodontic treatment
using Cone Beam Computed Tomography.

Materials and methods: The study included 45 patients with Skeletal Class I (group-1), Class Il Division |
(group-2) and Class Il malocclusions (group-3), 15 subjects each ranging in age from 15 to 40 years,
underwent CBCT imaging of the temporomandibular joint. The images obtained from the sagittal slice were
evaluated for concentric position of condyle in the fossa and also to assess the depth of the mandibular fossa
whereas the symmetry between the positions of condylemandibular fossa was assessed on the axial slice.
Results: In the Class | group, posterior joint space showed a statistically significant difference between the
right and left sides. A significant difference in the depth of the fossa between Class | and Class 111 malocclusion
on the right side was observed.

Conclusion — Evaluation of the concentric position of the condyles in their fossa revealed non-concentric
position for Class | and concentric position for Class Il and Class 111 groups. Depth of the fossa was higher in
Class Il subjects than Class I. Distance of condylar process/midsagittal plane showed symmetrical position in
all the groups. On the anteroposterior aspect, a higher percentage for left condyle being placed more anteriorly
than right condyle was observed among all the groups.
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1. Introduction

The temporomandibular joint (TMJ) is a synovial joint and its condyle and the fossa might differ in
shape and their interrelations among people with various malocclusions, and it can be loaded differently in
people with diverse dentofacial morphologies’. The influence of occlusion on joint morphology is still not
completely understood. Two dimensional imaging and articulators have been used to evaluate the condyle and
fossa relationships, but they have many disadvantages®. Three-dimensional (3D) evaluations, such as computed
tomography (CT) have been utilized to evaluate the TMJ because of its high cost, large radiation dosage, large
space requirements and the high level of skill required for interpretation have kept its use to a minimum®.
CBCT machines because of its high resolution multi-planar images, low cost, reduced radiation dose and less
time spent during image-acquisition  allows examination of TMJ anatomy without superimposition distortion.
and prmgides isotropic submillimeter spatial resolution images with markedly shorter scanning times (10-70
seconds)
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The aim of the present study was to evaluate the mandibular condyle position in the fossa with the 3D
images acquired using Cone Beam Computed Tomography imaging technique in order to understand better
about TMJs in various malocclusions.

Il. Subjects And Methods
Forty five patients with Class I, Class Il Division | and Class Il malocclusions (15 subjects each)
ranging in age from 15 to 40 years were selected and they underwent CBCT imaging of the Temporomandibular
joint with their consent. The investigation was done to diagnosis and treat the malocclusion. They were divided
into group-1 (Class 1), group-2 (Class Il Division I) and group-3 (Class Ill).

Patient selection criteria

All permanent teeth erupted, except third molars Absence of functional mandibular deviations No
crosshites, open bites and evident facial asymmetry Symptoms of temporomandibular disorders were not
considered because most such disorders are related to disc positioning. Both the TMJ’s were scanned with the
PLANMECA PROMAX Cone-Beam 3D imaging system. The machine is a PROMAX 3D, with the TUBE
TYPE: D-054SB-C. Images were obtained with patients in centric occlusion (maximum dental intercuspation),
and FH plane positioned parallel to the floor (Fig-1). In this study the jaw size setting were set to average i.e. the
volume size for adults was @160 X @50 mm. Volumes were reconstructed with a 0.4 mm isometric voxel size
with tube voltage 90kVp and the tube current 12 mA. The images were set to normal resolution and the average
exposure time was 13 seconds. Images were examined with the scanner’s proprietary ROMEXIS software
function for temporomandibular joint

The following measurements were assessed on the sagittal plane.

1.Depth of the mandibular fossa: Measured from the most superior point of the fossa to the plane formed by
the most inferior point of the articular tubercle to the most inferior point of the auditory meatus (Fig-2)***.

2. Anterior joint space: Shortest distance between the most anterior point of the condyle and the posterior wall
of the articular tubercle (Fig-3) 2.

3. Superior joint space: Shortest distance between the most superior point of the condyle and the most superior
point of the mandibular fossa (Fig-3) “**

4. Posterior joint space: Shortest distance between the most posterior point of the condyle and the posterior wall
of the mandibular fossa (Fig-3)"**3

The following measurements were assessed on the axial plane.

1.The distance between the geometric centers of the condylar processes and the mid-sagittal plane, measured
with a line that passed through the geometric centers of the condylar processes and perpendicular to the mid-
sagittal plane i.e., RCP (right condylar position) and LCP (left condylar position)[Fig-4a]*****>. The antero-
posterior difference between the geometric center of the right and left condylar processes as reflected on the
mid-sagittal plane [Fig-4b] "%,

The sagittal slice is the most appropriate for assessing the condyle-fossa relationship. It allows analysis
of the condylar concentricity by comparing the anterior and posterior articular (joint) spaces on the right and left
side. The depth of the mandibular fossa can also be determined by this technique**2. The axial slice is most
appropriate to assess the symmetry between the condyles in the anteroposterior and mediolateral aspect, because
it shows both condyles in the same image and allows the determination of reference planes such as the median
sagittal plane**2,

The following measurements were assessed on the sagittal plane.

1.Depth of the mandibular fossa: Measured from the most superior point of the fossa to the plane formed by the
most inferior point of the articular tubercle to the most inferior point of the auditory meatus (Fig-2)"**.

2. Anterior joint space: Shortest distance between the most anterior point of the condyle and the posterior wall
of the articular tubercle (Fig-3) “*,

3. Superior joint space: Shortest distance between the most superior point of the condyle and the most superior
point of the mandibular fossa (Fig-3) '

4. Posterior joint space: Shortest distance between the most posterior point of the condyle and the posterior wall
of the mandibular fossa (Fig-3)"'*

The following measurements were assessed on the axial plane.

The distance between the geometric centers of the condylar processes and the mid-sagittal plane,
measured with a line that passed through the geometric centers of the condylar processes and perpendicular to
the mid-sagittal plane i.e., RCP (right condylar position) and LCP (left condylar position)[Fig-4a]******.2. The
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antero-posterior difference between the geometric center of the right and left condylar processes as reflected on
the mid-sagittal plane [Fig-4b] ***3%,

The sagittal slice is the most appropriate for assessing the condyle-fossa relationship. It allows analysis
of the condylar concentricity by comparing the anterior and posterior articular (joint) spaces on the right and left
side. The depth of the mandibular fossa can also be determined by this technique***2 The axial slice is most
appropriate to assess the symmetry between the condyles in the anteroposterior and mediolateral aspect, because
it shows both condyles in the same image and allows the determination of reference planes such as the median
sagittal plane**%

I11. Statistical Analysis

The following tests were applied: 1.Independent t test for the comparison between the right and left
side TMJ variables for each group i.e., anterior joint space, posterior joint space, superior joint space and depth
of the fossa. 2. ANOVA (One-way group analysis of variance) test between the measurements of all the
variables (AS, SS, PS, depth, RCP and LCP) on the right side for all groups and also between the measurements
of all the same variables on the left side for all groups. Post hoc test for multiple comparisons was done using
Tukey HSD test to identify in which variable a difference had occurred. The level of significance was 95%
confidence interval for all tests. P-values of less than 0.05 were considered significant. Statistical analysis was
done by using SPSS for Windows (version 17.0).

IV. Results

Table I, I & 11l shows the descriptive statistical analysis of variables between right and left TMJ’s
within each group. Independent t test was performed to determine the significance within each group. Table IV
and V describes comparison of the variables on the right side and left side between each group using one-way
ANOVA test. Table VI shows the analysis between RCP (right condylar position) and LCP (left condylar
position) in relation to the mid-sagittal plane within each group. Table VII shows the comparison of RCP and
LCP between each group using one-way ANOVA test. In Class | group, there was a statistically significant
difference (P=0.046) between the right and left posterior joint spaces (Table 1a) and the difference between the
averages (anterior joint space—posterior joint space) was —0.9mm for the right side and —0.5mm for the left
side(Table Ib). No statistically significant difference was observed for AS, SS or depth of fossa. In Class Il
group, no statistically significant difference was observed when the mean anterior, superior and depth of the
fossa for right and left side was compared (Table II). In Class Il group, when the mean of anterior , superior ,
posterior joint space and depth of the fossa was compared, no statistically significant difference was observed
(Table 111). Table IV shows the comparison of class | ,classll and class 1l malocclusion of anterior, posterior ,
superior joint spaces and depth of the fossa on the right side. Based on the comparison between the 3 groups no
statistically significant difference was observed .

The ANOVA test between the three groups (Table IV; Graph 2) on the right side revealed a statistically
significant difference (P=0.031) in the depth of the mandibular fossa between the Class | (7.8+1.0mm) and Class
I11 (8.9+£1.4mm) malocclusion with mean difference of 1.05mm, indicating an increased fossa height in Class I11
than Class | malocclusion. Table V shows the comparison of the anterior, posterior,superio joint space and the
depth of the fossa on the left side in Class I, Classll and Classlll malocclusion.No statistically significant
difference was observed. Table VI shows the statististical analysis between right condylar and left condylar
position in relation to the mid-sagittal plane within each group.No statistically significant difference was
observed between RCP and LCP in each group. Table VII shows the statistical analysis comparing the right
condylar position and left condylar position between each group using one- way ANOVA test. The mean
distance from the geometric centre of the right condylar processes to the mid-sagittal plane in Classl is 46.6mm;
Classll is 47.7mm;Classlll is 47.9mm with the overall P value=0.296.The mean distance from the geometric
centre of the left condylar processes to the mid-sagittal plane in Classl is 47.7mm; Classll is 48.2mm; ClassllI|
IS 48.1MM with the overall P value=0.852 respectively. No statistically significant was observed.

Graph 5 shows the average difference in position of the condylar processes (right and left) on the
anteroposterior aspect as reflected on the mid-sagittal plane.In Class | malocclusion 15.4% of the right side and
61.5% of the left condylar process was displaced anteriorly whereas 23.1% was in neutral position.In Classl|
malocclusion ,26.3% of the right condylar process and 60.0% of the left condylar process was displaced
anteriorly whereas 13.3% was in neutral position .In Classllimalocculsion., 7.1% of the right condylar process
and 64.3%of the left condylar process was displaced anteriorly whereas 28.6% was in neutral position. Overall
61.9% of the left condylar process was displaced anteriorly when compared to the right condylar process
(16.7%) and 21.4% of the condyles were in neutral position.

DOI: 10.9790/0853-16081093103 www.iosrjournals.org 95 | Page



Evaluation And Comparison Of The Relationship Of Condyle And Mandibular Fossa In

V. Discussion

Understanding TMJ morphology and its spatial disposition in different malocclusions and the influence
of orthodontic treatment on its structures during the stages of human development are still challenging for the
orthodontists. According to the literature, the most significant morphologic alterations and positioning
asymmetries of TMJ structures are related to absence of teeth, premature occlusal contact points, functional
mandibular deviations, unilateral posterior crossbites and dentoskeletal asymmetries. However, earlier study has
reported that articular aspects that are characteristic of specific malocclusion were not determined and it was
unknown whether a morphologic condition of the condyle or an articular positioning was typical of a specific
type of malocclusion™.

Joint space in Class I, 11 and 111 malocclusions:

In our study, the evaluation of condylar concentricity in Class | malocclusion showed that both sides
were characterized by non-concentric positioning of the condyles. In the sagittal slice, a statistically significant
difference for posterior joint space, with a smaller left posterior joint space than the right posterior joint space
was observed, indicating a more anteriorly positioned condyle on the right side in accordance with the study
done by Rodrigues et al** and Vitral et al'®. Lack of condylar centralization was also observed in asymptomatic
Class | subjects by Rodrigues et al**. Ikeda and Kawamura®® in a cone beam CT (CBCT) study in functionally
optimal joints without disc displacement, found non-centered condyles with the posterior joint space larger than
the anterior joint spaces. In our study, the mean value of anterior joint space is similar for both sides and there
is a difference only in the posterior joint space, suggesting that it may perhaps be due to variations in the
condylar dimensions or in the shape of the mandibular fossa'. Also Burley? when evaluating the articular
structures of the temporal bone in patients with different types of malocclusions (Classes I, 11, and I11) showed
that they do not produce functional stimuli capable of altering the contour of the anterior wall of the mandibular
fossa. In Class Il malocclusion there is no significant differences for anterior joint space and posterior joint
space on the right and left sides, indicating a concentric condylar position in the fossa. Gianelly et al®* found
concentric condylar position in Class Il malocclusions characterized by deep bite without overjet which was
consistent with the present study and he also found that there was no correlation between bite depth and
condylar position.

In Class Il malocclusion the mean superior joint space showed a relative difference between the right
and left side, but they were not statistically significant. This difference in superior joint space had been reported
earlier by Burke et al®, in a Class Il group in which patients with vertical facial morphologic characteristics had
decreased superior joint spaces compared with increased superior joint spaces in patients with horizontal facial
patterns. But there was no statistical significance between facial morphology and anteroposterior condyle
position. Hence facial morphology was not considered as a factor in the current study. In our study, Class Ill
malocclusion showed no statistically significant difference for the anterior, superior or posterior joint space on
the right and left side, which showed concentric condylar position in the fossa. The mean joint space values (AS,
SS, PS) given by Kim et al** partly correlated with the values of the present study, but no statistically significant
difference was observed. Kim and Lee et al® found no significant difference in joint spaces in Class 111 patients
with or without asymmetry. So the selection of Class 1l subjects in the present study included those without
apparent asymmetry which indicated a concentric condylar position. Conversely the mean superior joint space in
the current study correlated with the mean values of Kim et al®* indicating a normal vertical position in the
fossa. Also according to Hansson et al*’, joint space was considered normal when the distance between the
condylar head and mandibular fossa was between 1.5 mm and 4 mm which suggest that the values for superior
joint space in our study as normal.

Depth of the Mandibular fossa in different malocclusions:

The depth of the mandibular fossa in the present study for the Class I malocclusion showed no
statistically significant difference for both sides which was in concordance with the study done by Vitral et al*®
and Rodrigues et al**. However the mean depth on the right side was comparatively smaller than the fossa depth
on the left side In Class Il malocclusion no significant difference for both sides was observed in depth of the
mandibular fossa. But the mean depth on the right side was comparatively smaller than the left side. Similar
observations were reported by Rodrigues et al'? in Class Il Division | malocclusion. The fossa depth can vary
according to disparities in the dimensions of the fossa or asymmetry in the cranial base. The depth of the
mandibular fossa did not show any statistically significant difference between right and left sides in the Class 111
malocclusion which was consistent with the results obtained by Rodrigues et al*?. Katsavrias and Halazonetis®
found that the size of the mandibular fossa tends to be larger, wider and shallower in Class I11 malocclusion and
were found to have different fossa shapes than Class 1l malocclusion.
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On comparison between the three malocclusion types, on the right side a significant difference in the
depth of the mandibular fossa between the Class | and Class 11l malocclusion was observed, indicating an
increased fossa height in Class 111 malocclusion than Class 1. This difference is probably due to the different
severity of malocclusion between the samples. According to Katsavrias and Halazonetis™, shape variability of
the condyle was mainly related to inclination of the condylar head, inclination of the eminence and in turn
related to depth of the fossa. Moreover condyle shape was different in the Class 111 malocclusion, more
elongated and inclined anteriorly compared with the Class 1l malocclusion. On the axial slice, current study
showed no statistically significant differences between the right (RCP) and left (LCP) sides for the mediolateral
positioning of the condyles in relation to the mid-sagittal plane for all the malocclusion types, indicating a
symmetrical condylar position (CP) on the transverse dimension which is in concordance to the study done by
Rodrigues et al*"*%,

Pullinger et al® investigated 74 asymptomatic joints, which represented “normal” population and found
the TM joints were 43% concentric, 27% posterior and 30% anteriorly positioned. In the present study, as the
sagittal section could not reveal any asymmetric condylar position for Class Il Division | and Class Il
malocclusions®!%*1%%° the axial slice was assessed to reveal whether the differences in articular spaces are
associated with the dimension or the asymmetric positioning of the mandibular fossae as suggested by
Rodrigues et al'2. So to create symmetrical relationships, Ben-Bassat et al confirms that the occlusal features
might be associated with TMJ structure remodeling®. CohImia et al*® observed that subjects with malocclusions
frequently showed non-concentric condylar positioning and mild condyle-fossa relationship asymmetry, in
which the left condyle was placed more anteriorly than the right, which correlated with the results in this study.

In general, in the assessment of symmetries between the condyles, the results seem to confirm that
occlusal features might be associated with TMJ structure remodeling to create symmetrical relationships,
because dimensional and positional symmetries between the condyles are characteristics of different
malocclusions™. According to several studies, the lack of condyle centralization with anterior joint spaces
smaller than posterior joint spaces, was a common finding among the various malocclusions®'®*+1°*° With the
advent of CBCT, a precise measurement of the joint space, depth of the fossa, distance from the geometric
center of the condyle to the mid-sagittal plane and its bilateral difference can be made. Thus future studies
including the articular disc position in relation to glenoid fossa and condyle should be evaluated in different
malocclusion which will provide a better understanding of the TMJ complex.

Tables And Figures
Table la: Comparison between right and left TMJ within CLASS-1 group

Class | Right Side Left Side Significance
Mean * Sd Mean + Sd (P Value<0.05)

Anterior Joint Space 18+04 18+03 0776

(Mm) co T )

Superior Joint Space 28+0.6 28407 0924

(Mm) co T )

Posterior Joint Space | , 7, (5 23+05 0.046*

(Mm)

Depth Of Fossa (Mm)
78+1.0 8.07+1.0 0.530

*mean difference significant at the .05 level
SD-Standard deviation

Table Ib: Evaluation of concentric position of condyle in Class | group

SIDE Anterior joint space (mm) | Posterior joint space Anterior joint space —

(Class 1) (mm) Posterior joint space
Mean + SD Mean + SD (mm)

RIGHT SIDE | 1.8+04 27+05 -0.9

LEFT SIDE 1.8+0.3 23+05 -05

Table I1: Comparison between right and left TMJ within CLASS |1 group
CLASS 11 RIGHT SIDE [ LEFT SIDE SIGNIFICANCE(P value
Mean = SD Mean + SD <0.05)

Anterior joint space
(mm) 20+07 1.9+04 0.659 NS
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Superior joint space
(mm) 3.08+1.1 34109 0.384 NS
Posterior joint space
(mm) 2709 26+09 0.682 NS
Depth of fossa (mm) 79+12 82+1.1 0.363 NS

NS- Not significant

Table I11: Comparison between right and left TMJ within CLASS I11 group

CLASS I RIGHT SIDE | LEFTSIDE | SIGNIFICANCE (P value
<0.05)
Mean = SD Mean £ SD
Anterior joint space (mm) 18404 19+05 0.493 NS
Superior joint space (mm) 27408 28+1.0 0648 NS
Posterior joint space (mm) 26+0.8 27408 0773 NS
Depth of fossa (mm) 89+14 88+1.0 0.838 NS

NS- Not significant

Table 1V: Comparison between left and right side TMJ in three groups

Parameter Left side Right side
Class| | Class Class Significance | Class| | Class |l | Class Significance
Il 1 (ANOVA) 1 (ANOVA)
(P <0.05) (P <0.05)
Mean Mean Mean
+SD +SD +SD
Anterior joint
space (mm) 18+ 19+ 19+ 0.571 18+ 20+ 18+ 0.439
0.3 0.4 0.5 (NS) 0.4 0.7 0.4 (NS)
Superior joint 28+ 34+ 28+ 0.091 28+ 3.0z 27+ 0.398
space (mm) 0.7 0.9 1.0 (NS) 0.6 1.1 0.8 (NS)
Posterior joint 23+ 26+ 2.7+ 0.314 27+ 2.7+ 26+ 0.912
space (mm) 0.5 0.9 0.8 (NS) 0.5 0.9 0.8 (NS)
Depth of fossa | 8.1+ 83+ 88+ 0.165 78+ 79+ 89+ 0.031*
(mm) 1.0 1.1 1.0 (NS) 1.0 1.2 14 (S)

(*mean difference significant at the 0.05 level; NS- Not significant)

Table V: Comparison between RCP and LCP within each group

Malocclusion RCP LCP SIGNIFICANCE (P
Mean +SD Mean + SD value<0.05)

Class I 46.6 +2.04 47725 0.186 (NS)

Class Il 47.7+£23 482+26 0.532 (NS)

Class Il 479+ 2.7 48.1+23 0.810 (NS)

(NS- Not significant)

Table VI: Comparison of Condylar position (CP) between three groups

CP Class | Class Il Class Il Significance
Mean + SD Mean + SD Mean + SD (ANOVA)
(P <0.05)
0.296
RCP 46.6 £2.0 47.7+23 479+27 (NS)
0.852
LCP 477+25 482+2.6 48.1+2.3 (NS)

NS- Not significant
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Figures:

PLANMECA
ProMax 30 Mid

Fig.la.

“Cone” Beam Geometry

Fig.1lb.

X-ray source

Cone beam 3D X-ray device takes the whole 3 dimensional
volume with wide conical beam in one scan instead of many

slices with many scans.
Fig 1c.
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Fig 2 -Depth of the Mandibular Fossa

Fig 3- a, Anterior joint space; b, Superior joint space;
¢, Posterior joint space.

MSP

RCP. LCP.

Fig 4- ‘a’ measures the distance between the geometric center of the
condylar processes to the midsagittal plane and ‘b’ measures the difference
in distance between the condylar processes, RCP, Right condylar position;
LCP, left condylar position; MSP, Midsagittal plane,
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Graph 1: Comparison of the variables within Group 1
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Graph 2: Comparing the Depth of the mandibular fossa on the right side
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raph 3: Comparing the position of the condyle in group 1, group 2 and group 3
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V1. Summary And Conclusion

Class | malocclusion was associated with more of non-concentric condylar position in the fossa both on
the right and left side. There was a higher mean for posterior joint space on the right TMJ, indicating an
anteriorly positioned condyle. Class Il and Class 11l malocclusion was associated with more of concentric
condylar position in the fossa both on the right and left side. On comparing all three types of malocclusion, a
statistically significant difference was observed for the depth of the mandibular fossa on the right side between
Class I and Class Il malocclusion, with the depth being greater in Class Il than Class I. On the anteroposterior
aspect, a significant difference was observed for majority of the left condyle being placed more anteriorly than
the right condyle in all three types of malocclusion.
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