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ABSTRACT

Objectives: Analysis of TMJ asymmetry in a sample of asymptomatic skeletal class I patients.

Methods : This study was performed on one hundred patients requesting CBCT scans. All
patients were skeletal class I pattern. They were all free of TMD symptoms, midline deviation of
teeth, open bite, cross bite, congenital craniofacial abnormalities or any systemic diseases which
may affect joint morphology such as rheumatoid arthritis. TMJ was evaluated through linear and
volumetric analysis. Qualitative condyle position was also evaluated. All measures were compared
on the right and left sides.

Results: There was relative asymmetry between right and left sides regarding all measured
parameters. Condyle height showed the highest asymmetry, while condyle AP dimension was the
least. There was absolute asymmetry between right and left sides regarding all measured parameters.
fossa roof thickness showed the highest asymmetry, while condyle ML width was the least. On
Correlating the R and L measurements, all correlations were positive with medium strength and
were statistically highly significant. The highest correlation was shown in condyle volume while
fossa roof thickness showed the least. The distributions of cases according to condyle position
were almost statistically significantly different between right and left sides with 49 % percentage
of agreement.

Conclusion: TMJ shows relative and absolute asymmetry in skeletal class I asymptomatic
patients.

Advances in knowledge: TMJ asymmetry has been previously evaluated in different studies
in correlation with TMD or craniofacial diseases mostly limited to two-dimensional (2D) imaging.
Kambylafkas et al [2005] evaluated the association between unilateral degenerative joint disease
and lower facial asymmetry. Yéfez-Vico et al [2012] analyzed and compared mandibular condyle
morphology in patients with and without temporomandibular disorder. They concluded that
condylar width, height and length asymmetries were a common feature of TMD. Trpkova et al
[2000] investigated the amount of craniofacial asymmetry in female orthodontic patients with
unilateral or bilateral TMJ internal derangement relative to the amount in female patients without
TMIJ ID. They found that the amount of asymmetry was not significant between females with
normal TMJs and those with TMJ ID.
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On the other hand, the present study is designed to assess the presence of asymmetry of TMJ

bony components in asymptomatic adult skeletal class I pattern to assess variations, using three
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dimensional (3D) CBCT imaging.
or other.

INTRODUCTION

The word symmetry is derived from the Greek
word ‘symmetria’ which means ‘of like measure’.
Symmetry is defined as correspondence in size,
shape and relative position of parts on opposite
sides of a dividing line or median plane. Asymmetry
is described as a lack or absence of symmetry. When
applying this to the human face, it illustrates an
imbalance or disproportionality between the right
and left sides."!

The temporomandibular joint (TMJ) is one of
the most important joints in the body, and it has a
close relationship with the oral cavity and teeth. The
position and function of the mandibular condylar
portion of the TMIJ is directly controlled by the oral
structures, including the associated muscles. %!

As the primary center of growth in the mandible,

the condyle responds to continuous stimuli
throughout the remodeling process, and thus plays
an important role in the final dimensions of the
adult mandible. Its volume and size can be related
to the final dimensions of the mandibular as well
as to the final relationship between maxillary and
mandibular arches. Examination of TMJ structures
radiographically is very important for evaluating
the abnormalities and bony changes that affect the

T™J. B

Many studies have tried to relate temporoman-
dibular disorders (TMD) to structural factors in the
anatomy of this joint /. Bezuur ' found that TMJ
disorders were influenced by structural factors such
as mandibular asymmetry. Habets ¥ introduced a
method for determining asymmetry between the

mandibular condyles, which was based on compar-
ing the vertical heights of the right and left man-
dibular condyles and the rami. He found that asym-
metry of mandibular height correlated significantly
for patients with TMJ disorders, compared to those
without them. Other authors have corroborated this
conclusion, finding asymmetrical height in the con-
dylar process to be a significant relationship in pa-
tients with the disorder compared to those who were
asymptomatic [*7. Other researchers, however, were
unable to demonstrate this relationship, and found
no statistically significant differences between con-
dylar asymmetry in TMD patients compared to
those with no signs or symptoms of TMD ¥

Many studies have investigated the TMJ
morphologic parameters using different types of
imaging techniques. Conventional X-rays were
first used to assess the morphology of mandibular
condyle and articular eminence . Moreover,
computed tomography (CT) images were widely
used for the morphologic detection of TMJ 1011121,
In recent years, the micro-CT, cone beam computed
tomography (CBCT), and magnetic resonance
imaging (MRI) are used for research of TMJ

morphology 1314151,

TMJ asymmetry has been previously evaluated
in different studies in correlation with TMD or
craniofacial diseases !"*'*!'"l mostly limited to two-
dimensional (2D) imaging. On the other hand, this
study assesses the presence of TMJ asymmetry
regarding bony components in asymptomatic adult
skeletal class I pattern among Egyptian population
to assess variations, using three dimensional (3D)
CBCT imaging.
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Objectives

Analysis of TMJ asymmetry in a sample of
asymptomatic skeletal class I patients.

SUBJECTS AND METHODS

Patients’ selection

This study was performed on one hundred adult
patients requesting CBCT scans as a diagnostic tool
for other dental procedures. The study proposal was
approved by the Faculty’s research ethics committee.
A written informed consent was requested.

The age range for all subjects was 30-50 years.
All patients were Class I skeletal pattern. This was
determined by measuring the ANB angle (Figure 1).
The ANB angle indicates the relative position of the
maxilla to the mandible "8, Patients were excluded
if TMD was suspected. This was provided through
complete patient history for any TMJ pain or sounds
and through TMJ complete clinical examination.
This was also further confirmed radiographically for
any radiographic signs such as condyle flattening,

osteophytes or any other morphological changes.

Fig. (1) Sagittal CBCT slice showing ANB angle. A point:
position of deepest concavity on anterior profile of
maxilla, N point: the nasion point (most anterior point
on fronto-nasal suture), B point: position of deepest
concavity on anterior profile of mandibular symphysis.
{ANB 2-40=Class I skeletal pattern, ANB > 40=Class
II skeletal pattern, ANB < 20= Class III skeletal
pattern} 8!
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Patients were excluded if they had midline deviation
of teeth, open bite, cross bite, congenital craniofacial
abnormalities or any systemic diseases which may
affect joint morphology such as rheumatoid arthritis.

METHODS

I) Data acquisition

CBCT scans were performed using i-CAT
imaging system (Imaging Sciences International,
Hatfield, PA, USA). Exposure was done at 120 kV
and 26.9 s acquisition time. The voxel dimension
selected was 0.2 mm. The image detector was a
flat panel measuring 20 x 25 cm, and images were
acquired at 14 bit in a single 360° rotation. The
field of view was adjusted to cover the condyles
bilaterally. The patient position was adjusted
according to the manufacturer’s instructions. CBCT
scan data were saved as DICOM files (Digital
imaging and communications in medicine) and
then transferred to another workstation to view the
images using On demand software (On demand
3D™ | Cybermed, South Korea). Images were
viewed using Dell monitor (22°” Full HD 1920 x
1080 display) in dimmed light room.

IT) Image orientation:

On the multiplanar (MPR) screen, coronal, axial
and sagittal views were reoriented to view the widest
condyle dimension in each plane. The coronal plane
was oriented on the axial window to pass through
the widest condyle dimension mediolaterally. The
sagittal plane was oriented on the axial window to
be perpendicular to the coronal plane (Figure 2).

III) Linear TMJ measurements:

Corrected coronal cut:

Condyle mediolateral width was measured on
the axial plane passing through the widest condyle
dimension using the linear measurement tool on the
software (Figure 3).
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Fig. (2) Standardized orientation of the MPR views. The coronal
plane was oriented on the axial window so that it passes
through the widest condyle dimension mediolaterally.
Sagittal plane was oriented on the axial window so that
it runs perpendicular to the coronal plane.

Condyle height was measured on the sagittal
plane, perpendicular to the condyle width using the

linear measurement tool on the software (Figure 3).

Corrected sagittal cut:

Condyle was
measured on a line connecting the most prominent
anterior (A) and posterior (P) points of the condylar
head (Figure 4).

18.57 [mm]

antero-posterior  dimension

Fig. (3): Corrected coronal view showing measuring of the
mediolateral condyle width along the axial plane passing
through the condyle and measuring of the condyle
height along the sagittal plane as the perpendicular
distance from the top of the condyle till the axial plane
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Fig. (4) Corrected sagittal view showing measuring the
anteroposterior condyle dimension.

Condyle position.

The Tuberculo-meatal line (TM) U9 was
drawn as a tangent to the inferior meatal border and
inferior border of articular eminence. At its center a
perpendicular line was drawn to split it into anterior
and posterior parts. Two 90° angles were created
between the previous lines. Each angle was divided
into two equal (45°) angles by a line extended to the
summit of the opposing bone of the fossa. Along
this bisecting line, the anterior and posterior joint
spaces were measured between the condyle surface

and the corresponding fossa slope (Figure 5).

The condyle position was calculated according
to Pullinger and Hollender equation [(PJS- AJS /PJS
+AJS) x 100]. Between -12 and +12 was considered
concentric condyle position, smaller than -12
was considered posterior condyle position and
greater than +12 was considered anterior condyle
position. 2]

Thickness of the roof of glenoid fossa was
measured on the corrected sagittal view from point
A to point B, where point A was the most convex
point on the superior border and point B was the
most concave point on the inferior border of the roof
of glenoid fossa®! (Figure 6).
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Fig. (5) CBCT sagittal views of the condyle showing measuring the anterior and posterior joint spaces to determine the condyle

position.

IV) Volumetric measurement:

3D zooming of the mandibular condyle was
performed. All bones surrounding the mandibular
condyle were segmented (Fig. 7). The condyle was
cropped at the level of the sigmoid notch. Points
were picked over the condyle surface, and then
the condyle volume was calculated automatically
through the volume-measuring tool on the software
(Figure 8).

V) Statistical analysis

All data were collected, tabulated and subjected
to statistical analysis. Statistical analysis was
performed with IBM® SPSS® Statistics Version 17
for Windows.

Data were analyzed through:
1- Asymmetry index formula: '’
(R-L)/ (R +L) %200

Relative and absolute TMJ asymmetry was
evaluated

2- Correlation of the R and L measurements using

e ® IBM Corporation, NY, USA.
* ® SPSS, Inc., an IBM Company.

Pearson correlation coefficient and estimating

the P-value.
3- Evaluation of condyle position:
a- Using chi-squared test and estimating P-value.

b- Condyle position cross tabulation for estimating

percentage of agreement.

Fig. (6) Thickness of roof of glenoid fossa measurement on the

corrected sagittal view. Thickness of roof of glenoid
fossa is measured as the distance between point A and
point B, where point A is the most convex point on the
superior border and point B is the most concave point
on the inferior border of the RGF.
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Fig. (7) Cropping of the surrounding bone to segment the
condyle.

Fig. (8) Calculation of the condyle volume

RESULTS

Asymmetry index

The data were first analyzed using asymmetry
index formula

R-L)/ (R +L)x200

Relative asymmetry variable was calculated
regarding the mean values of all measured
parameters. The value and the sign (whether positive

or negative) were used to assume the direction of
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values. There was relative asymmetry between right
and left sides regarding all measured parameters.
Condyle height showed the highest asymmetry,
while condyle AP dimension was the least.

In all parameters, the mean values of the right
side exceeded the left side except for the fossa roof
thickness (Table 1).

Absolute asymmetry variable was calculated
regarding the mean values of all measured
parameters. The mean values were calculated
without considering the negative sign. There was
absolute asymmetry between right and left sides
regarding all measured parameters. fossa roof
thickness showed the highest asymmetry, while
condyle ML width was the least (Table 2) (Figure

9).

Correlation of R and L measurements using
Pearson correlation coefficient:

On Correlating the R and L measurements, all
correlations were positive with medium strength
and were statistically highly significant (P <0.001).
The hi ghest correlation was shown in condyle
volume while fossa roof thickness showed the least
(Table 3).

Condyle position:

Condyle position as a qualitative variable was
evaluated using Chi-squared test. The distributions
of cases according to condyle position were almost
statistically significantly different between right and
left sides (Table 4).

Using cross-tabulations of measurements, 36.1
% of cases had anterior position on both sides,
36.8 % had posterior position and 64.4 % had
bilateral concentric position. The total percentage
of agreement was 49 % (Table 5) (Figure 10).
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TABLE (1) Descriptive statistics of Relative asymmetry variables of all measured parameters.
95% Confidence Interval
for Mean . o . Interquartile
Mean | SD Median | Minimum | Maximum | Range
Lower Upper Range
Bound Bound
condyle height
. 648 |27.70 0.98 11.97 032 |-5527 105.82 | 161.09 34.67
asymmetry variable
condyle ML width
. 299 |10.90 0.83 5.15 134 | -21.52 50.09 71.61 11.62
asymmetry variable
condyle AP dimension
. 0.68 | 15.97 -2.49 3.85 037 |-53.36 47.39 100.75 18.58
asymmetry variable
fossa roof thickness
. -7.12 | 5432 -17.89 3.66 -0.38 | -136.52 130.75 | 267.27 63.23
asymmetry variable
condyle volume
. 424 | 2277 -0.28 8.75 3.84 | -54.68 7227 126.95 29.60
asymmetry variable
TABLE (2) Descriptive statistics of Absolute asymmetry variables of all measured parameters.
95% Confidence
Interval for Mean .
. . . Interquartile
Mean SD Median | Minimum | Maximum | Range
Range
Lower Upper
Bound Bound
condyle height
absolute asymmetry 2163 | 1799 | 2528 18.36 18.79 0.00 105.82 105.82 2223
variable
condyle ML width
absolute asymmetry 7.96 6.37 9.54 7.99 5.30 0.00 50.09 50.09 940
variable
condyle AP
dimension absolute 11.75 | 9.61 13.88 10.77 8.95 0.00 53.36 53.36 11.76
asymmetry variable
fossa roof thickness
absolute asymmetry 4197 | 3503 | 4891 34.96 30.29 0.00 136.52 136.52 49.77
variable
condyle volume
absolute asymmetry 1748 | 1449 | 2048 15.09 13.81 0.00 7227 72.27 16.69
variable
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Table (3) Correlation of the right and left

measurements
Parameter Correlation Significance
coefficient
Condyle height 0.55 P<0.001 HS
Condyle ML width 0.71 P<0.001 HS
Condyle AP width 0.61 P<0.001 HS
Fossa roof thickness | 0.49 P <0.001 HS
Condyle volume 0.76 P<0.001 HS

HS: Highly significant

TABLE (4) Condyle position Chi-squared test

Right | Left | Chi-squared P value

anterior 36 23 5.12 0.07737
posterior 19 17
concentric 45 60

P =0.05 Almost S

TABLE (5) Condyle position R and L cross-tabulation

condyle position left
anterior | posterior | concentric | Total
13 2 21 36
anterior
%0 36.1% 5.6% 58.3% 100.0%
=
g 2 7 10 19
é posterior
i) 105% | 36.8% 52.6% 100.0%
)
=)
8 8 8 29 45
concentric
178% | 17.8% 64.4% 100.0%
Total 23 17 60 100
23.0% | 17.0% 60.0% 100.0%
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DISCUSSION

Several studies had previously investigated TMJ
or mandibular asymmetry. Several of the causes
were obvious by history, physical examination, and
plain film radiographic studies such as fractures,
tumors, and congenital anomalies. **)

Many studies have previously suggested that a
correlation exists between TMJ-ID and mandibular
asymmetry 4. A potential relationship between
TMJ-ID and facial growth aberrations resulting in
mandibular asymmetry or retrognathia has been
previously suggested. Although the etiology of
skeletal asymmetry is not well understood, it has
been suggested that advanced joint degeneration
may lead to shortening of the condyle with
subsequent skeletal asymmetry 1!,
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Kambylafkas et al " evaluated the as-
sociation  between  unilateral = degenerative

joint disease (UDJD) and lower facial asymme-
try. They suggested that the UDJD may be as-
sociated with lower face asymmetries in certain
cases. Yanez-Vico et al ' analyzed and compared
mandibular condyle morphology in patients with
and without temporomandibular disorder (TMD).
They concluded that that condylar width, height
and length asymmetries were a common feature of
TMD. Trpkova et al """ investigated the amount of
craniofacial asymmetry in female orthodontic pa-
tients with unilateral or bilateral TMJ internal de-
rangement (TMJ ID) relative to the amount in fe-
male patients without TMJ ID. They found that the
amount of asymmetry was not significant between
females with normal TMJs and those with TMJ ID.

On the other hand, asymptomatic patients with
no obvious abnormalities of the TMJ on clinical
examination, are supposed to have symmetrical TMJ
components. So that, the present study was designed
to answer an important question: Is TMJ asymmetry
correlated only with symptomatic TMD? or in other
words, can we find TMJ asymmetry without any
obvious clinical problem despite normal skeletal
pattern?

Normal adult patients with skeletal class I pattern
were chosen for the study. Full history and clinical
examination were performed to exclude any case
with symptoms or complaints. To eliminate any in-
fluencing factors on the TMJ, we excluded patients
with skeletal class II or III, midline deviation, open
bite, cross bite, congenital craniofacial abnormali-
ties or any systemic diseases affecting bones and
joints.

Patients were imaged by CBCT for other
dental problem. Only those patients imaged with
FOV covering the TMJ were chosen. CBCT
images had to be transferred to another third-party
software to facilitate linear, angular and volumetric
measurements. Patients were instructed to occlude
on their posterior teeth to ensure that the condyles

(2129)

are in the centric position. The multiplanar view was
used for TMJ analysis instead of the limited TMJ
view as it gives a wide view for the TMJ yielding
more accurate and reproducible measurements.

Several linear measurements were done such as
condyle height, width, anteroposterior dimensions
and thickness of the roof of glenoid fossa. Condyle
position was estimated according to Pullinger
and Hollender equation . Condyle volume was
measured by software after condyle segmentation.
Right and left sides were oriented and assessed
separately. Results were compared on both sides.

Asymmetry was calculated through the

asymmetry index
(R-L)/ (R + L) x200. "7

Where R is the measurement on the right side, L
is the measurement on the left side

The results of this study aimed at analyzing
the data in three ways. First, to determine whether
it is normal to find asymmetry between right and
left TMJ sides in Normal population. Second, to
estimate the direction of asymmetry whether the
right side exceeds the left one or vice versa or it is
variable and don’t follow a specific direction. Third,
to estimate the degree of asymmetry to determine
to which level we can find asymmetry in normal
population and still considered clinically accepted?

Absolute asymmetry values of our results
showed a degree of asymmetry between the right
and left sides. The highest asymmetry was found in
fossa roof thickness (41.97) followed by condyle
height (21.63), condyle volume (17.48) and
condyle AP dimension (11.75) while the condyle
ML width showed the least one (7.96). High SD
in all parameters indicated the high variability of
the measures. The highest variability was found in
Fossa roof thickness (35.03).

Relative asymmetry variable was used to
estimate the direction of asymmetry. The negative
sign suggested that most of the measures was higher
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on the left side. This was found only in fossa roof
thickness (-7.12) while all other variables showed
the opposite.

On Correlating the R and L measurements, all
correlations were positive. The correlation was
statistically significant. The correlation was also with
high strength. This positive correlation indicated
that the TMJ may show normal remodeling on both
sides, this may be different in amount between both
sides, but in general the measures either increase or
decrease together.

Condyle position correlation was almost
statistically significantly different between R and L
sides (P = 0.05). Condyle position was concentric
on both sides in 64.4% of cases. The rest of cases
varied whether anterior or posterior on one or both

sides. The total percentage of agreement was 49%.

The condyle is continuously changing in
response to different stimuli in the form of bone
remodeling. Bone remodeling effect in the form of
bone loss or gain is normal. It may be attributed to
many causes such as abnormal chewing habits, loss

of teeth or trauma.

TMJ asymmetry can also be caused by
Overloading the articular surfaces of the TMJ has
been associated with differences between the right
and left mandibular condyles ?°!. Loads applied to
the TMJ could have an influence on its morphology
(27281 Condylar asymmetry leads to greater muscle
hyperactivity, which can overload the surface of the
joint ' and, in turn, affect the soft and hard tissue
component B,

To the best of our knowledge, no previous studies
had investigated TMJ asymmetry in normal skeletal
class I pattern. Most of studies had correlated this
asymmetry with TMD, abnormal skeletal pattern or
any other cause. So, from the results of this study, it
is normal to find a degree of asymmetry between R
and L TMJ sides in normal skeletal class I pattern,
without obvious craniofacial asymmetry or TMD
symptoms.
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CONCLUSION

TMJ shows relative and absolute asymmetry in
skeletal class I asymptomatic patients.

List of abbreviations

Temporomandibular joint (TMJ)
Temporomandibular disorders (TMD)
Cone beam computed tomography (CBCT)
Magnetic resonance imaging (MRI)
Two-dimensional (2D)

Three dimensional (3D)

Multiplanar reformation (MPR)
Tuberculo-meatal line (TM)

Temporomandibular joint- internal derangement
(TMIJ-ID)

Unilateral degenerative joint disease (UDJD)
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