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ABSTRACT:

Objective: The aim of this study is to evaluate the condyle-fossa
relationship, using CBCT scanning before and after the correction
of retroclined upper incisors in class II division 2 subjects, for
the detection of possible mandibular functional displacement.
Materials and Methods: The sample consisted of 11 Class II,
division 2 subjects. Two CBCT scans were obtained for each
subject; one before and one after leveling of the maxillary arch.
Comparison of the joint space measurements was done for
detection of condylar displacement. Results: Statistical Analysis
of the sample showed statistically significant decrease in the
anterior joint spaces, statistically significant increase in the
superior joint space, the posterior joint spaces, and significant
changes of the condylar position ratios and percentage.
Conclusion: The correction of the maxillary Incisors retroclination
of a Class 11, Division 2 subjects lead to statistically significant
change of the condylar position moving anteriorly and inferiorly.
The clinical significance of these values is yet to be investigated.
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INTRODUCTION

Owing to the little evidence, many authors disagreed with the idea
that the correction of the incisor retroclination in Class II, Division 2
subjects will result in a forward mandibular movement. Several studies used
the relationship between the retruded contact position, intercuspation, and rest
position to study the effect of treatment of Class II, Division 2
malocclusion on the mandibular displacement. Ingervall,(l) (1968) found
no significant evidence to support that the mandible is locked in a distal
position as a result of the maxillary central incisors angulations. Demisch,
Ingervall and Thuer,” (1992) found that the anteroposterior distance
between the retruded and the intercuspal position did not change after
proclination of the retroclined upper incisors and correction of the deep
bite. Their results were considered as evidence that the mandible is not
posteriorly displaced in these cases. Thiier et al,®’(1992) implicated
electromyography and sirognathography to study the effect of treatment
of Class II, Division 2 malocclusionon anterior mandibular positioning,
their results did not reveal any sign to support this concept.

However, the literature reveals that it is a common belief that
“unlocking” the mandible in Class II, Division 2 malocclusions allows
correction of the distocclusion.*” Swann,® (1954) estimated that
one third of Class II, Division 2 cases had mandibular functional
displacement which allowed for a partial correction of the condition,
when the mandible moved forward to a normal centric relation, after the
correction of the retroclined maxillary incisors position and creating an
over jet. Levy,”(1979)stated that “Clinicians often refer to correction
of the incisor position in the Class II, Division 2 case as unlocking or
a “freeing” of the mandible. This resultant freedom may be due to any
one or a combination of three factors: positional changes of the condyles;
rotational changes of the mandible; and actual growth of the maxillary
and mandibular processes.”Erickson and Hunter,*(1985) followed a group of
children with Class II, Division 2, during their orthodontic treatment, to
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investigate whether or not unlocking the bite enhances the anterior
positioning of the mandible. They used the constant distance between Basion
and Articulare, reported by Seward,”’(1981) and Ricketts et al,*/(1979), as an
indicator for anterior mandibular repositioning, and reported that in
approximately one-fourth of their sample, the basion-articulare distance
increased more than 0.5mm/year, which lead to the speculation that the
increase in the distance could be a result of unlocking the mandible or
might be only a temporary shift. More recently, Gong, Tao and Cao,"'”
(2003) conducted a clinical study on Class II, Division 2 deep-bite
subjects, using 3D-CT and Sam-diagnostic articulator, to evaluate the
changes of condylar position following the correction of the upper
incisors inclination and opening of the bite . They found statistically
significant changes of the sagittal and vertical condylar position in both
sides, moving anteriorly and inferiorly.

The aim of this clinical study is to evaluate the condyle-fossa
relationship, using CBCT scanning before and after the correction of the
retroclined upper incisors in class II division 2 subjects, for the detection
of possible mandibular functional displacement.

MATERIALS AND METHODS

Eleven subjects were enrolled in this study. Subjects were clinically
diagnosed as Class II, Division 2 malocclusion, having the following
criteria: Adult subjects with completed growth, the mean age was
24.55 + 3.36 years, distal occlusion of the arches, no evident facial
asymmetry, retroclined maxillary incisors, deep bite, presence of contact
between the palatal surface of the maxillary incisors and the labial surface
of the opposing mandibular incisors, no systemic diseases that may affect
the TMJ, no history of trauma or surgery to the TMJ, and no history of
previous orthodontic and/or orthopedic treatment. The sample was treated
at the Orthodontic Department, Faculty of Dentistry, Alexandria
University, after getting the ethical approval from the Alexandria
University Ethical Committee. Informed consent was obtained from each
subject before enrolling in the study. The mean treatment duration was
5.41 £+ 1.82 months.
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After obtaining the full patient records, two CBCT scans were done
for each subject, one before the start of the treatment and the second
immediately after completion of the leveling stage.

Standardization of data acquisition and image processing of the two
scans was a primary concern. A built in Laser beam was used to orient
the subject’s head so that the Frankfort plane is parallel and the
mid-sagittal plane is perpendicular to the floor. Static head position was
secured using the device cephalostat to ensure the accuracy and the
reproducibility of the two scans. Patients were instructed to occlude in
maximum intercuspation throughout the scan." Al scans were obtained
using the same device.” The device performs volumetric study with a
view field of 15 x 15 x 15 cm, delivering a dose of 75 uSv, at 85 kV, 5-7
mA in around 14 seconds. The same machine settings were adjusted by
the same operator, before each scan, to ensure the standardization of the
scan and the data acquisition. DICOM files were obtained on the
workstation,  the data were acquired with 0.3 mm slice thickness, with
resolution of 1024 x 1024 image matrix and 0.3/ 0.15 mm isotropic voxel size.

The right and left TMJ areas were examined separately, for both the
pre and post leveling CBCT scans of each subject. Each joint was
considered as a separate case. The measuring procedure involved three
main steps; slice selection, determination of the reference points and
lines, and measuring of the joint spaces.

A mid-condylar slice was obtained by scrolling up and down the
axial view of the subject’s pre treatment scan; the widest diameter of the
condylar head was selected and recorded for future reference, figure 1(a).
The coronal view was used to determine the midpoint of the condylar
head, figure 1(b).The same procedure was done in the post leveling scan,
and the same diameter of the condylar head was obtained using the
references from the pre leveling scan of the same patient.

* Galileos comfort, Sirona, Germany
" Galaxis 1.9, sirona dental technology, Germany
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17.99 mm
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Figure (1): (a) Axial view of the CBCT, determination of the widest condylar diameter,
(b)Coronal view of the CBCT, determination of the mid condylar point

(@) (b)

Figure (2): (a) Diagrammatic, (b) Radiographic illustration of the reference points and
lines used for joint space measurements.

For the determination of the reference points and lines, the sagittal
view was used since it was stated that it is the most appropriate for
assessing the joint spaces.'”The method used for measuring the joint
spaces is a modification of the method applied by Cohlmia et al.'?
Location of the most superior (deepest) point of the glenoid fossa (SF)
and the most superior point of the condylar head (SC).
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Two parallel tangent lines were drawn passing through the (SF) and
(SC) points.

The most anterior (AC) and the most posterior(PC) points of the
condylar head were located. Two lines were drawn from the (SF) point to
tangent the anterior and posterior condylar head surface at (AC) and (PC)
point, respectively. Two lines were drawn parallel to the anterior and
posterior condylar tangent lines, the two lines were drawn to tangent the
anterior and posterior surfaces of the fossa, figure (2).

The superior (SJS), anterior (AJS) and posterior (PJS) joint spaces
were measured by the perpendicular distances between each two parallel
lines. In addition to the absolute joint measurements, the ratio of the joint
spaces was calculated for each condyle, according to the method
described by Gianelly et al,""" and was later used by others like Cohlmia
et al."’This ratio provides an index of condylar position. It was
calculated by dividing the posterior joint space (PJS) by the anterior joint
space (AJS). According to this ratio, the condyle is centered in the fossa
when the value of the P/A is in the range of 0.75 to 1.25, posteriorly
located when the P/A < 0.75, and anteriorly located when the P/A> 1.25.

Joint Space Index was also calculated for each condyle; a percentage
was used by Pullinger et al,"¥ Cohlmia et al,"’and later by Ruf and
Pancherz,"” as an indicator for the condylar position. A Joint Space
Index (JSI) was calculated according to this formula [(PJS — AJS)/(PJS
+ AJS)] X 100. A zero value indicated a concentric location of the
condyle within the fossa. A positive value indicated an anterior condylar
position, and a negative value indicated a posterior position.

To ensure an accurate reproducibility of the same slice from the
pre and post leveling CBCT scans of each subject, the slice selection
and the determination of the reference points and lines of each TMJ was
performed for both scans at the same time. For blinding, all scans
were coded and randomized before the joint space measurements
were taken.
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To detect the intra observer reliability, ten condyles were randomly
selected, and the whole process was redone. The initial and the repeated
measurements of these condyles were compared using the paired t test.
The test did not show significant difference at the0.05 level.

For these ten condyles, joint space measurements were also taken by
a different examiner following the same steps, for the detection of the
inter examiner reliability. The comparison between the two sets of
measurements taken by the two different examiners was performed using
the paired t test. The result of the test did not show significant differences
at the0.05 level.

All measurements were taken by the same operator three times, and
the mean of these readings were used for statistical analysis. The readings
from the pre and post leveling scans were compared using the paired
t test. Statistical analyses were done to assess the statistical significance
of the results.

RESULTS

Table (1): Sample description according to age and treatment duration

Subjects
n=11)

Age (years)

Min. — Max. 21.0-30.0
Mean £+ SD 24.55+3.36
Median 23.0

Treatment duration
(months)

Min. — Max. 2.50-9.0
Mean + SD 541 +£1.82
Median 5.0
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Table (2): Comparison between the pre and post leveling results of the joint spaces
measurements

Joint spaces measurements
(n=22)

Pre Post

Superior (SJS)
Min. — Max.
Mean + SD

2.24-4.62
327+0.72

2.45-6.93
3.68+1.19

Median 3.19 3.39
Anterior (AJS)

Min. — Max. 1.02-2.73 1.01 -2.40
Mean + SD 1.94+£0.46 1.62+0.33
Median 1.87 1.66

Posterior (PJS)
Min. — Max. 1.33-4.54 1.83 -4.58
Mean + SD 2.59+0.78 2.92+0.73
Median 2.60 2.88

p: p value for Paired t-test *: Statistically significant at p < 0.05

Table (3): Description of the condylar displacements according to the changes in the
joint spaces measurements

Changes in the
superior joint
space
(SJS)

Changes in the
anterior joint
space
(AJS)

Changes in the
posterior joint
space
(PJS)

Condylar displacement

in millimeters (n=22)
Min. — Max.

Mean + SD

Median

0.0 -2.69
0.40 £ 0.67
0.17

0.01 -1.38
0.33 £0.38
0.22

0.06 - 1.39
0.33+0.39
0.23
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Table (4): Comparison between the pre and post leveling results according to the
condylar position ratio and joint space index

Condylar position (n=22)

Pre

Post

Ratio

Min. — Max.
Mean + SD
Median

0.49-3.10
1.46 +£0.70
1.29

1.0-3.49
1.91+0.72
1.69

Joint Space Index
Min. — Max.

Mean + SD
Median

p:p value for Paired t-test

-34.59-51.19
12.88 +£21.80
12.74

*: Statistically significant at p < 0.05

0.0-55.48
27.43 +16.57
25.75

Table (5): Changes in condylar position according to pre and post condylar position ratios

Condylar position according to ratio (PJS/AJS)

Posteriorly
(<0.75)

Centered
(0.75 to 1.25)

Anteriorly
(>1.25)

No %

%

No %

Pre (n=22)

9.1

36.4

12 54.5

Post (n=22)

0.0

22.7

17 71.3
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Figure (4): Bar chart showing the changes in condylar position according to pre and
post condylar position ratios
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Table (6): Changes in condylar position according to pre and post Joint Space Index
(JSD =[(PJS — AJS)/(PJS + AJS)] X 100

Condylar position according to
Joint Space Index (JSI)

Posterior(-ve) | Centered (=0) | Anterior(+ ve)
No % % No %
Pre (n=22) 6 27.3 0.0 16 72.7
Post (n=22) 0 0.0 4.5 21 95.5
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Figure (5): Bar chart showing the changes in condylar position according to pre and
post Joint Space Index (JSI) = [(PJS — AJS)/(PJS + AJS)] X 100

The most obvious clinical observation was the marked increase of
the over jet. All subjects commented on the newly developed gap
between their maxillary and mandibular incisors with some phonetic
disturbances. This was especially noted at the end of the leveling and
alignment stage, where the retroclined position of the maxillary incisors
was corrected while the lower incisors remained untouched in their
retroclined position. Compared to the initial CBCT scan, the new incisors
position made it easier for the subjects to occlude in centric occlusion
with no interferences. The difference between the two scans was clear
when the subjects were asked to occlude their teeth before taking the
scans. The numerical data of this study are listed in tables (1) through (6)
and figures (4), (5) with their statistical analyses.
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The descriptive data of the sample are shown in table (1).Statistical
Analysis of the joint space measurementsis shown in table (2). The
comparison of the pre and post leveling results using the Paired t-test
showed statistically significant decrease in the anterior joint spaces,
statistically significant increase in both the superior joint space, and the
posterior joint spaces.

Table (3) describes condylar displacement in millimeters, judged by
the changes of the joint spaces measurements. The mean increase of the
superior joint space was 0.4 + 0.67 mm, the mean decrease in the anterior
joint space was 0.33 = 0.38 mm, and the mean increase of the posterior
joint space was 0.33 = 0.39 mm.

Table (4) shows the comparison between the pre and post leveling
ratios and joint space index of the condylar position. The Paired t-test
showed statistically significant increase in both the condylar position
ratios and joint space index.

The distribution of the studied cases according to the pre and post
ratios of the condylar position is shown in table (5) and figure (4).
Initially, two (9.1%) of the total 22 condyles were posteriorly positioned,
8 (36.4%) were centered, and 12 (54.5%) were anteriorly positioned. The
post leveling ratio shows that 5 condyles (22.7%) were centered, and
17 (77.3%) were anteriorly positioned. This means that the number of
posteriorly located condyles dropped from 2 to zero, the number of
centered condyles dropped from 8 to 5, while the number of the anteriorly
positioned condyles increased from 12 to 17.According to the condylar
position ratio, the total number of condyles that have shifted forward
was 5 (22.7%), out of the total 22 condyles.

The distribution of the studied cases according to the Joint Space
Indexis shown in table (6) and figure (5). The pre leveling data reveals
that 6 condyles (27.3%) were posteriorly positioned, and 16 (72.7%) were
anteriorly positioned. This was changed to 1 (4.5%) centered, and 21
(95.5%) anteriorly located condylesin the post leveling stage. These
results show that the number of posteriorly located condyles dropped
from 6 to zero, the number of centered condyles increased from zero to 1,
while the number of the anteriorly positioned condyles increased from 16 to
21 condyles. According to the joint space index, the total number of condyles
that have shifted forward was 6 (27.2%), out of the total 22 condyles.
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DISCUSSION

The relation between deep-bite, contacting incisors relationship and
condylar retroposition is of clinical importance because it may affect the
treatment strategies. Blackwood,"® (1969) reported that the articular
tissues have considerable potential for adaptation to changing functional
demands. This study tested the hypothesis that, subjects with Class II,
Division 2 malocclusion with retroclined maxillary incisors, deep bite
and contacting incisors may develop posterior functional displacement of
the mandible, which may shift anteriorly with the correction of the
maxillary incisor retroclination.

Several studies compared joints space measurements of a study
group and a separate control group. However, the individual variability of
the condylar position requires large sample size, to compare the average
position between the different study groups. On the other hand, direct
comparison of the joint space measurements from the pre and post
treatment scans of the same subject provides more sensitive assessment
of condylar displacement.””

Moreover, studies that used direct comparison of the pre and post
treatment measurements usually utilized corrected tomograms, where the
validity of tomographic tracings to measure small changes in condylar
position has been questioned."® In addition, this technique has some
limitations. First, the reproducibility of the joint space measurements on
repeated exposures of the same subject with this technique is not
known."” Second, variation of the head position within the cephalostat
can affect the depth of cut and slice angulations, at least to some
degree,"’and because joint space dimensions are not consistent in the
lateral, central, and medial positions of the joint,""” the variation in depth
of cut may affect reproducibility.

Trying to avoid these limitations, this study was designed to use
direct comparison of the pre and post condylar positions of the same
subjects using CBCT scans.

The selection of the CBCT technique was preferred to the 3D-MSCT for
some reasons. First, the reduced exposure dosage compared to spiral CT.
Many authors,***reported that the CBCT offers lower effective dose

[E—
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than the conventional computed tomography (CT), for imaging of the
cranium. In addition, the standing or sitting patient positioning in the
CBCT technique provides more physiological condylar position, compared to
the supine patient positioning in the MSCT, where the gravity may have
an effect on the condyle-fossa relation. Finally, the incorporation of the
cephalostat and the laser beam in the CBCT machine ensured the accurate
head positioning and control head rotation for the accurate reproducibility
of standardized scans.

This study included 11 subjects. The sample size estimation was
done according to the formula n=Z>S*/E*, where (Z) is the Confidence
Coefficient, (S) is the Standard deviation, and (E) is the acceptable Error.
The limited sample size may have affected the results so that changes of
minimal values resulted in statistical significance. For statistical purposes
some studies considered each joint a separate case,** %> the same concept
was used in our study.

The sample included adult subjects (mean age 24.55 + 3.36years),
with completed growth to eliminate the effect of growth on both the
dimensional and the positional status of the fossae or the condyles.

The anterior joint space could be altered independent of the
posterior joint space if the condyle rotates as a change in the vertical
dimension. It may also be affected by articular surface remodeling of
both the condyle and articular eminence."”’The effect of remodeling is
not likely the case in this study because of the relatively short time
between the two exams.

The results reveal that the number of the condyles that demonstrated
anterior shift after leveling of the maxillary arch, were 6 (27.2%) condyles,
judged by the Joint space index (JSI), and 5 (22.7) condyles judged by the
condylar position ratio.

These results are in agreement with other studies. Ricketts®® noted

that in some Class II, Division 2 malocclusions subjects, the mandible
followed the maxillary incisors teeth after they were tipped labially in the
initial phase of treatment. Many authors,”’?” agreed that deep-bite
with contacting incisor relationships can cause posterior condylar
displacement, especially if combined with lingually inclined incisors,

—_—T
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because the incisors can create interferences that cause a distal path of
closure. Farrar and McCarty “®stated that “the entire mandible begins to
be displaced posteriorly.” Gong et al'” (2003) also found that with the
increase of inclination of upper incisors and bite opening, there were
statistically significant changes of the condylar position moving
anteriorly and inferiorly.

On the hand, many studies disagreed with the results of this study.
Litt and Nielsen,®” (1984) found that the mandible remained stationary
after proclination of the upper incisors in Class II division 2 subjects.
Pullinger et al®"(1987)showed that there is no increased risk of condylar
retroposition in individuals with deep bite and found no correlation
between incisal overbite and over jet and condylar position. Even
when overbite and over jet were factored together to approximateincisal
guidance, there was still no association.

Gianelly, Petras and Boffa, " (1989) studied the condylar position
of 19 click-free Class II subjects with bite depth exceeding 50%,
contacting incisors relationship, and aninterincisal angle of greater than
140 . Their investigations revealed that these factors do not appear to
predispos to condylar retro position, and that the condyles of these cases
were positioned concentrically in the fossa. They did not believe that the
correction of the overbite will allow the mandible to shift forward.
However, they used corrected tomograms, a technique that has many
limitations"" "' The sample age ranged from 9 to 35 years, a factor that
might have affected condylar position in different age groups.“*?In their
study, only 6 out of the total 19 subjects had lingually inclined central
incisors and labially positioned laterals. Finally, the study did not directly
test the effect of unlocking the bite on the condylar position on the same
subjects, rather they compared Class II with and without deep bite.

When Demisch et al,”) (1992) studied the effect of treatment of
Class II, Division 2 on mandibular displacement. Spontaneous anterior
mandibular repositioning after proclination of the maxillary incisors was
not validated. Some reasons may have led to this result. First, the
subjects’ age ranged from 8 to 12 years, with growth potential. The
authors reported small but significant growth of the maxilla in the
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anterior direction, a factor that may have masked occlusal detection of
any mandibular anterior repositioning. Second, wax bites and mounted
dental casts were used for recording of the relation between the retruded
(RCP) and the intercuspal (ICP) mandibular position. The measuring
point was located at the gingival papilla between the mandibular central
incisors, which might not be a stable reproducible point, as the thickness
and location of the papilla might be affected by gingival inflammation,
and the proclination of the lower incisors with the use of the activators. In
addition, the recording of the intercuspal relation was done by the subject,
while the recording of the retruded cuspal position was guided by the
examiner. The mandible had to be forced posteriorly then moved to the
first tooth contact. This depends on how much the muscle was relaxed,
and how much pressure was applied by the examiner. Furthermore, the
recording of the relation between RCP and ICP was done 12 months after
the start of treatment. At that point, four subjects had completed the
2nd phase of treatment; twelve were still in that phase, and five were
already in the 3"phase. The lack of standardization of the point at which
the bite recording was performed may have affected the reliability of their
results. Finally, the appliance they used for proclination of the upper
incisors incorporated anterior bite plates that kept the posterior teeth free
to erupt for the correction of the deep bite, leading to downward and
backward rotation of the mandible. This was evident by the increase of
the facial height, mandibular inclination, and occlusal plane inclination.
This rotation may have canceled or reduced the effect of the anterior
mandibular repositioning on the change of the RCP/ICP distance.

SUMMARY AND CONCLUSION

The aim of this study was to evaluate the condyle-fossa relationship,
using CBCT scanning before and after the correction of retroclined upper
incisors in Class II, Division 2 subjects, for the detection of possible
mandibular functional displacement.

The sample consisted of 11 Class II, Division 2 subjects with mean
age of 24.55 + 3.36 years. A CBCT scans was obtained for each subject
before and after leveling of the maxillary arch. Comparison of the joint
space measurements was done for detection of condylar displacement.

—_—T
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The Null hypothesis was rejected. The statistical analysis of the
absolute and percentage changes of the pre and post condylar position
showed statistically significant differences. The sample showed
statistically significant decrease in the anterior joint spaces, statistically
significant increase in the superior joint space, the posterior joint spaces,
with significant changes in the condylar position ratio and percentage.

The correction of the maxillary Incisors retroclination in Class II,
Division 2 subjects, showed statistically significant functional displacement
of the condylar position moving anteriorly and inferiorly. The mean
changes of the condylar position was 0.4 £ 0.67 mm for superior joint
space, 0.33 + 0.38 mm, and 0.33 + 0.39 mm for the anterior, and posterior
joint space respectively. However, the clinical significance of these
values is yet to be investigated.
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