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Abstract (J Korean Assoc Oral Maxillofac Surg 2023;49:125-134)

Objectives: The aim of the study was to quantify and compare craniofacial asymmetry in subjects with and without symptoms of temporomandibular
joint disorders (TMDs).

Materials and Methods: A total of 126 adult subjects were categorized into two groups (63 with a TMDs and 63 without a TMDs), based on de-
tection of symptoms using the Temporomandibular Joint Disorder-Diagnostic Index (TMD-DI) questionnaire. Posteroanterior cephalograms of each
subject were traced manually and 17 linear and angular measurements were analyzed. Craniofacial asymmetry was quantified by calculating the asym-
metry index (Al) of bilateral parameters for both groups.

Results: Intra- and intergroup comparisons were analyzed using independent ¢-test and Mann—Whitney U test, respectively, with a P<0.05 considered
statistically significant. An Al for each linear and angular bilateral parameter was calculated; higher asymmetry was found in TMD-positive patients
compared with TMD-negative patients. An intergroup comparison of Als found highly significant differences for the parameters of antegonial notch to
horizontal plane distance, jugular point to horizontal plane distance, antegonial notch to menton distance, antegonial notch to vertical plane distance,
condylion to vertical plane distance, and angle formed by vertical plane, O point and antegonial notch. Significant deviation of the menton distance
from the facial midline was also evident.

Conclusion: Greater facial asymmetry was seen in the TMD-positive group compared with the TMD-negative group. The mandibular region was
characterized by asymmetries of greater magnitude compared with the maxilla. Patients with facial asymmetry often require management of temporo-
mandibular joint (TMJ) pathology to achieve a stable, functional, and esthetic result. Ignoring the TMJ during treatment or failing to provide proper
management of the TMJ and performing only orthognathic surgery may result in worsening of TMJ-associated symptoms (jaw dysfunction and pain)
and re-occurrence of asymmetry and malocclusion. Assessments of facial asymmetry should take into account TMJ disorders to improve diagnostic ac-

curacy and treatment outcomes.
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|. Introduction

Mild asymmetry of the craniofacial region is a common
finding in human populations'. Symmetrical facial appear-
ance may appear as skeletal asymmetry on radiographic

examination, suggesting that soft tissues minimize subjacent
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asymmetry. Facial asymmetry can manifest as a part of a
number of craniofacial syndromes, or it can develop as a re-
sult of trauma, pathology, or abnormal growth’. Minute facial
asymmetry is acceptable in individuals with a normal facial
appearance, but when the degree of asymmetry is severe and
noticeable, it can negatively affect facial and smile esthetics,
with major psychological and functional implications for pa-
tients”. Asymmetries in human facial structures can also affect
the skeleton, muscles, and associated facial tissues’. From
a clinical viewpoint, it is therefore crucial to determine the
degree of dental, skeletal, soft-tissue, and functional involve-
ment of the craniofacial components in facial asymmetry”.
The origin of facial asymmetry may be congenital, devel-
opmental, or acquired through temporomandibular disorders
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(TMDs)’, which are a disparate group of pathologies affect-
ing the temporomandibular joint (TMJ), the jaw muscles,
or both. They are the most common orofacial pain-inducing
conditions of nondental origin. TMDs usually include several
signs and symptoms, such as pain of the TMJ or jaw muscles,
pain on mandibular movement, joint sounds, and locking or
luxation of joints, as well as restricted mandibular movement.
Other clinical signs related to TMJ pathology include occlu-
sal instability, vertical facial asymmetry, and deviation of the
chin to the affected side’.

Quantifying asymmetry helps provide objective distinc-
tions between minor and major asymmetries. For diagnostic
purposes and to evaluate treatment results, quantification can
signify the amount of asymmetry. Asymmetry can be mea-
sured through qualitative analysis and visualization followed
by direct quantitative measurement of the face or indirectly
by measuring photographs or radiographs’.

The most commonly available tool to diagnose facial
asymmetry is posteroanterior cephalometry (PAC)’. A PAC
radiograph helps evaluate facial asymmetry by providing a
frontal profile of the facial skeleton, which improves a diag-
nostician’s ability to correlate the right and left halves simul-
taneously. Because the right and left structures are apart from
each other and equidistant from the film and X-ray sources,
this minimizes the effects of unequal enlargement due to di-
vergent rays and reduces distortion’.

Few studies have evaluated the relationship between cra-
niofacial asymmetry and TMDs based on an asymmetry in-
dex (AI) or PAC radiographs, and it is unclear whether there
is any clinically significant association between craniofacial
asymmetry and TMD. The purpose of this study was to quan-
tify and compare craniofacial asymmetry using PAC in sub-
jects with and without symptoms of TMD.

Il. Materials and Methods

1. Subjects

Ethical approval for this investigation was obtained from
the Institutional Ethics Committee of the Institute of Dental
Sciences, Bareilly (No. IEC/103/2021). The purpose of the
study was explained to, and informed consent obtained from,
all participants.

This study was conducted from January to December 2021
with the cooperation of 126 male and female adult subjects
aged between 18 and 28 years who had reported to the De-
partment of Orthodontics and Dentofacial Orthopedics at In-
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stitute of Dental Sciences for orthodontic treatment. Subjects
with any gross deformity of the facial skeleton due to trauma
or congenital anomalies were excluded from the study.

After providing informed consent, each subject was asked
to complete a questionnaire based on the Temporomandibular
Joint Disorder-Diagnostic Index (TMD-DI)®. Using the re-
sulting TMD-DI scores, assessment of TMD symptoms were
made and the subjects were divided into two groups:

* Group [: total TMD-DI score >3 (TMD-positive)

* Group II: total TMD-DI score <3 (TMD-negative)

2. Posteroanterior cephalometric radiographs and
measurements

All PAC radiographs were taken by a single operator using
a PAC machine (Allengers Smart PAN 2K150330009-D9).
Subjects were positioned in the cephalostat with the sagittal
plane at a right angle to the path of the X-rays, the Frankfort
horizontal plane parallel to the floor, and the midsagittal
plane perpendicular to the floor. Subjects were asked to stand
straight and remain motionless while occluding with maxi-
mum intercuspation and their lips relaxed. The position of
the head was fixed by placing ear rods into the ears, and the
subjects were positioned 5 feet (standard) from the radiation
source.

All PACs were hand-traced on 0.5-um-thick matte tracing
sheets using a sharp 0.5-mm pencil on a view box with trans-
illuminated light. The choice of landmarks was based on pa-
rameters described for Ricketts and Grummons’, Grummons
and Kappeyne van de Coppello'’, and Reyneke'' analyses.
The cephalometric landmarks, reference planes, and the pa-
rameters used in this study are listed in Table 1 and depicted
in Fig. 1-4. Three additional points were used to define the
vertical and horizontal reference planes (VP and HP): the
intersection of the internal sphenoid margin (ISM) bone and
medial orbital margin; the O point (the middle of the line
connecting the right and left ISM), and the Z point (the in-
tersections of the outer sphenoid bone and the lateral orbital
margin). Two reference planes were constructed to calculate
the AI: the horizontal plane was constructed by connecting
the right and left Z point and the vertical reference plane (the
facial midline) was constructed by drawing a line through the
O point perpendicular to the horizontal reference plane.

After the construction of reliable horizontal and vertical
reference planes, cephalometric analysis of all linear pa-
rameters (ANS-VP, Me-VP, Co-Ag, Co-Me, Co-HP, Ag-HP,
J-HP, Ag-Me, Ag-VP, Co-VP, J-VP, ZA-VP) and angular pa-
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Table 1. Two-dimensional landmarks for asymmetry analysis

Abbreviation Landmark Definition
Unilateral Me Menton Midpoint on the inferior border of the mental protuberance
ANS Anterior nasal spine Anterior tip of the of the sharp bony process of the maxilla at the lowest margin of the
anterior nasal spine
Bilateral Z Z point Point on the inner side (toward the orbit) of the zygomatico-frontal suture
ZA Zygomatic arch point ~ Most lateral border of the zygomatic arch
Co Condyle superior Most superior aspect of the condyle
J Jugulare Intersection of the outline of the maxillary tuberosity and the zygomatic buttress
Go Gonion Point at each mandibular angle defined by dropping a perpendicular line from the intersection
point of the tangent lines to the posterior margin of the ramus and the inferior margin of the
mandibular body
Ag Antegonial notch Deepest point on the curvature of the antegonial notch
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Fig. 1. Reference planes. Refer to Table 1 for the definition of
landmarks. (HP: horizontal reference plane, VP: vertical reference
plane, O: O point)
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rameters (Co-Ag-Me, Co-Go-Me, VP-O-J, VP-O-Ag, Z-Ag-
ZA) was undertaken. A total of 17 parameters were analyzed
to evaluate craniofacial asymmetry, including 5 vertical, 5
horizontal, 5 angular, and 2 midline skeletal parameters.

To quantify the craniofacial asymmetry in both the groups,
an Al for bilateral measurements was calculated using a for-

mula suggested by Habets et al.'>".

AT=(R-L)/(R+L)x100%,

where R is the value of right side and L is the value of left
side.

An Al was used to quantify facial asymmetry as an Al is
easily applied and effective for calculating the asymmetry
between right and left sides compared with linear differences,

Fig. 2. Unilateral midline linear parameters. Refer to Table 1 for
the definition of landmarks. (ANS-VP: anterior nasal spine to verti-
cal plane, Me-VP: menton to vertical plane)
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and is not affected by positioning error, distortion, or magni-
fication. The measurements were repeated 3 times at 2-week
intervals, and the mean value of each measurement was used.
The observer was blinded to each patient’s symptoms of

TMD during the cephalometric measurements.
3. Statistical analysis

Descriptive statistics were calculated as the mean and stan-
dard deviation (SD) for each parameter. Chi-square test and
paired t-test were used for gender and age comparisons be-
tween the two groups, respectively. Intra- and inter-observer
reliability were analyzed using Pearson correlation coefficient
analysis. Mann—Whitney U test were performed to compare
mean asymmetric indices between the groups. An indepen-
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Fig. 3. Bilateral linear parameters. Refer to Table 1 for the definition of landmarks. (Co-VP: condylar superioris to vertical plane distance,
ZA-VP: zygomatic arch to vertical plane distance, J-VP: jugulare to vertical plane distance, Ag-VP: antegonial notch to vertical plane dis-
tance, Ag-Me: antegonial notch to menton distance, ZA-VP’: zygomatic arch to vertical plane distance, Co-VP’: condylar superioris to
vertical plane distance, J-VP’: jugulare to vertical plane distance, Ag-VP’: antegonial notch to vertical plane distance, Ag-Me’: antegonial
notch to menton distance, Co-HP: condylion to horizontal plane distance, J-HP: jugulare to horizontal plane distance, Co-Ag: condylion to
antegonial distance, Ag-HP: antegonial to horizontal plane distance, Co-Me: condylion to menton distance, Co-HP’: condylion to horizon-
tal plane distance, J-HP’: jugulare to horizontal plane distance, Co-Ag’: condylion to antegonial distance, Ag-HP’: antegonial to horizontal
plane distance, Co-Me’: condylion to menton distance)
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soc Oral Maxillofac Surg 2023

Fig. 4. Bilateral angular parameters. Refer to Table 1 for the definition of landmarks. (VP-O-J: angle between vertical plane and O-J line,
Co-Ag-Me: angle between Co-Ag line and Ag-Me line, Z-Ag-ZA: angle between Z-Ag line and Ag-ZA line, VP-O-J': angle between verti-
cal plane and O-J line, Co-Ag-Me’: angle between Co-Ag line and Ag-Me line, Z-Ag-ZA': angle between Z-Ag line and Ag-ZA line, VP-O-
Ag: angle between vertical plane and O-Ag line, Co-Go-Me: angle between Co-Go line and Go-Me line, VP-O-Ag’: angle between vertical
plane and O-Ag line, Co-Go-Me’: angle between Co-Go line and Go-Me line)
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Table 2. Sex comparison of all subjects between TMD-positive and TMD-negative groups

TMD-positive TMD-negative

Variable (n=63) (n=63) Total Value df P-value
Sex
Female 37 (58.7) 38 (60.3) 75 0.033 1 0.856
Male 26 (41.3) 25(39.7) 51

(TMD: temporomandibular joint disorder, df: degrees of freedom)
Values are presented as number (%).
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Table 3. Age comparison of all the subjects between TMD-positive and TMD-negative groups

Variable Particulars Mean=SD t df Mean difference P-value
Age TMD-positive 22.49+2.50 -1.365 124 -0.556 0.175
TMD-negative 23.05+2.04

(TMD: temporomandibular joint disorder, SD: standard deviation, df: degrees of freedom)
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dent t-test was used to analyze midline deviation. The alpha
error was set at 0.05 and a P-value less than 0.05 (P<0.05)
was considered statistically significant for all analyses. All
analyses were performed using IBM SPSS Statistics software
(ver. 20; IBM).

[ll. Results

Group I (TMD-positive) comprised 37 females (58.7%)
and 26 males (41.3%), and group II (TMD-negative) com-
prised 38 females (60.3%) and 25 males (39.7%).(Table 2)
The ages of members of group I and group II ranged from
18 to 28 years, with a mean age of 22.49+2.50 years in the
TMD-positive group, and 23.05+2.04 years in the TMD-
negative group.(Table 3) Both groups had similar gender dis-
tributions.

The mean and SD of the Al of all the parameters of both
the TMD-positive and TMD-negative groups and their be-
tween-group comparisons are listed in Table 4 and depicted
in Fig. 5. A considerable amount of facial asymmetry was
evident in various parameters for both groups. The maximum
amount of asymmetry in the TMD-positive group was seen
in Co-HP (11.38+9.83) followed by Ag-VP (5.42+3.36), VP-
0-Ag (4.9743.61), and Ag-Me (4.02+2.67). The maximum
amount of asymmetry in the TMD-negative group was seen
in Co-HP (9.50+7.29) followed by Z-Ag-ZA (3.45£3.41),
VP-O-Ag (3.34+2.56), and J-VP (3.25+2.72). A highly sig-
nificant difference (P=0.000) was seen in the Al of the TMD-
positive group compared with the TMD-negative group for
the Ag-HP and Ag-VP parameters. Other parameters in which

Table 4. Mean values of the asymmetry index of all linear and an-
gular parameters for both TMD-positive and TMD-negative groups
and their comparisons

Mann—Whitney U test

Parameter Particulars Mean+SD

Statistic ~ P-value

Co-Ag TMD-positive 2.06+2.15 1,896.000  0.665
TMD-negative 1.59+1.10

Co-Me TMD-positive 1.57£1.06  1,640.000  0.093
TMD-negative  1.39+1.79

Co-HP TMD-positive ~ 11.38+9.83  1,839.000  0.477
TMD-negative  9.50+7.29

Ag-HP TMD-positive 1.56+1.39  1,164.000  0.000*
TMD-negative  0.74+0.65

J-HP TMD-positive 3.11+2.04  1,470.000 0.012*
TMD-negative ~ 2.20+1.85

Ag-Me TMD-positive 4.02+2.67  1,498.500  0.018*
TMD-negative ~ 2.88+2.22

Ag-VP TMD-positive 5.42+3.36 973.500  0.000*
TMD-negative ~ 2.59+2.18

Co-VP TMD-positive 3.20+2.67 1,436.500  0.007*
TMD-negative ~ 2.01+1.40

J-VP TMD-positive 3.39+2.74  1,977.000 0971
TMD-negative ~ 3.25+2.72

ZA-VP TMD-positive 1.67x1.29 1,690.500 0.151
TMD-negative 1.43£1.52

Co-Ag-Me  TMD-positive 1.25+1.04  1,601.000  0.061
TMD-negative ~ 0.91+0.80

Co-Go-Me  TMD-positive 1.29+1.30 1,849.000 0.508
TMD-negative 1.02+0.89

VP-O-] TMD-positive 3.53+2.40 1,674.500  0.130
TMD-negative  3.07+2.87

VP-O-Ag TMD-positive 4.97£3.61 1,442.000  0.008*
TMD-negative  3.34+2.56

Z-Ag-ZA TMD-positive 3.61+3.54  1,938.000 0.816
TMD-negative  3.45+3.41

(TMD: temporomandibular joint disorder, SD: standard deviation)
*P<0.05.

Refer to Fig. 3 and 4 for the definition of linear and angular parameters.
Anita Pradhan et al: Comparative analysis of craniofacial asymmetry in subjects with
and without symptoms of temporomandibular joint disorders: a cross-sectional study. J
Korean Assoc Oral Maxillofac Surg 2023

129



J Korean Assoc Oral Maxillofac Surg 2023;49:125-134

the differences were statistically significant (P<0.05) were
J-HP, Ag-Me, Co-VP, and VP-Ag-VP. The other parameters
showed non-significant differences between the two groups.

The mean and SD of the midline skeletal parameters (i.e.,
VP-Me and VP-ANS) in both the TMD-positive and TMD-
negative groups are listed in Table 5. An independent ¢-
test was used to determine the differences between both
the groups. There was a statistically significant difference
(P=0.001) in the menton deviation between both the groups,
with a midline deviation of 2.09+1.77 mm in the TMD-pos-
itive group and 1.20£1.04 mm in the TMD-negative group.

The ANS deviation from the facial mid-line measure-
ment (i.e., the vertical plane to the ANS) was non-significant
between the groups (P=0.140), although the deviation was
slightly greater in the TMD-positive group.

121 1 TMD-positive
[ TMP-negative
10 A

Mean asymmetry index
[}
1
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Fig. 5. Comparison of asymmetry indices between the tem-
poromandibular joint disorder (TMD)-positive and TMD-negative
groups. Refer to Fig. 3 and 4 for the definition of linear and angu-
lar parameters.
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IV. Discussion

Asymmetry appears to be an intrinsic characteristic of the
human face, and minor asymmetry is considered normal’.
Camouflage orthodontic treatment can effectively correct
mild to moderate facial asymmetry. For severe facial asym-
metry, a combination of orthodontic treatment and orthog-
nathic surgery may be required'*. Evaluation of craniofacial
asymmetry plays an important role in planning accurate treat-
ment outcomes, particularly when orthognathic surgery for
various skeletal malocclusion and TMJ pathology is involved.
A subject’s quality of life can be adversely affected by func-
tional or pathological problems related to TMJ and facial
asymmetry"”. Asymmetry can result from a disturbance in the
remodeling process of TMJ due to mandibular displacement.
Multiple recent studies have reported that the main causative
factor for mandibulofacial asymmetry is TMD signs and
symptoms'”. The present study was conducted to quantify and
compare craniofacial asymmetry in subjects with and without

TMD symptoms using an Al
1. Intragroup comparison of bilateral parameters

In our study, the greatest asymmetry was found in Co-
HP followed by Ag-VP, VP-O-Ag, Ag-Me, and J-VP in the
TMD-positive group and in Co-HP followed by Z-Ag-ZA,
VP-O-Ag, and J-VP in the TMD-negative group. The greater
Al value for Co-HP may be due to the higher standard devia-
tion recorded for the parameter being indicative of a larger
variation in Co-HP measurement among the group. An intra-
group comparison of all parameters revealed that, although
asymmetry was present in all the parameters, greater asym-
metry was seen in mandibular parameters compared with
maxillary parameters. This can be attributed to the fact that
facial asymmetries manifest more commonly in the mandible

(and chin), which form the skeletal support for soft tissues

Table 5. Mean values for unilateral midline skeletal parameters of TMD-positive and TMD-negative groups and their comparisons

t-test for equality of means

95% CI of the difference

Parameter Particulars Mean+=SD Mean
t df . P-value Lower Upper
difference
VP-Me TMD-positive 2.09+1.77 3.408 123 0.8872 0.001* 0.3720 1.4024
TMD-negative 1.20+1.04
VP-ANS TMD-positive 0.96+0.72 1.485 124 0.1825 0.140 -0.0608 0.4259
TMD- negative 0.77+0.65

(TMD: temporomandibular joint disorder, VP-Me: vertical plane to menton distance, VP-ANS: vertical plane to anterior nasal spine, SD: standard

deviation, df: degrees of freedom, CI: confidence interval)
*P<0.05.
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of the lower face and have longer periods of growth. The
secondary role of the maxilla in asymmetry can be attributed
to the rigid attachment of the maxilla to the stable region of
synchondroses at the cranial base and the minimal soft tissue
support it provides’. The AI of each parameter in the TMD-
negative group was less than Al of respective parameters in
the TMD-positive group.

2. Intergroup comparison of all parameters

An intergroup comparison of the Al was drawn between
the craniofacial asymmetry of the TMD-positive and TMD-
negative groups for each of the bilateral linear and angular
parameters. Intergroup comparisons revealed highly signifi-
cant (P<0.05) Als for the Ag-HP, Ag-Me, Ag-VP, and VP-O-
Ag, Co-VP, and J-HP parameters, consistent with the findings
of Almisan et al.'’, who also found similar parameters con-
tributed to asymmetry.

The highly significant difference we found for the Ag pa-
rameters (Ag-HP, Ag-Me, Ag-VP, and VP-O-Ag) may be due
to the variation in Ag landmarks, which can be the result of
deep antegonial notching that is seen most often on the af-
fected side in TMD cases'’. Kambylafkas et al."® reported that
symptomatic adults with unilateral TMD have mandibular
notching on the affected side. Singer et al." stated that the
clinical presence of a deep mandibular notch is an indication
of diminished mandibular growth potential. Some studies'”*'
indicate that, when the growth of the mandibular condyle
fails to contribute to the lowering of the mandible, the mas-
seter and medial pterygoid, continued growth causes the bone
in the region of the angle to grow downward, producing ante-
gonial notching. In other words, resorption that normally oc-
curs below the gonial angle does not occur. Instead, a relative
tension is generated between the angle and the muscle sling
in which it is suspended, such that bone deposition occurs in
the area under the angle posterior to the notch™. Some stud-
ies'*'”*"** have reported that, if the antegonial notches in any
one mandible are of different sizes, the mandible will develop
some degree of asymmetry. The highly significant difference
(P=0.018) for Ag-Me could be due to a deviation of Me to
the affected side in the TMD-positive group. Several stud-
ies™>”'** have shown that unilateral TMJ internal derange-
ment results in a deviation of the menton to the affected side.

The highly significant asymmetry in the condylar region
(i.e., Co-VP) in our study may be due to lateral resorptive
changes in the condyle that result in mesial movement of the
condylion in TMD subjects. The condyle point was found

Comparative analysis of craniofacial asymmetry in subjects with and without symptoms of TMDs

2,16,24

to be more displaced in subjects with a TMD . Previ-

ous studies™*

reported increased resorption of the middle
or lateral portion of the mandibular condyle in joints with
TMDs. Our results agree with those reported by Almasan
et al.'’, who also found significant differences in the Co-VP

1.” found only non-

parameter (P=0.05), although Sunitha et a
significant differences (P=0.12). Other parameters related to
the condylion were non-significant in our study. On compar-
ing the Al of the angular parameter Co-Go-Me between the
two groups, there was a non-significant difference (P=0.508),
indicating minor transverse asymmetry in the gonial region.
These results may be the effect of a possible readjustment
pattern of the mandible, including a compensatory mecha-
nism at the gonial angle caused by internal derangement of
the TMJ*. An overall comparison of the parameters related to
mandibles showed statistically highly significant differences
(P<0.05) for the Ag-HP, Ag-Me, Ag-VP, Co-VP, and VP-O-
Ag parameters, indicating more transverse asymmetry of the
mandible and contributing more to facial asymmetry rather
than vertical asymmetry. These differences may be due to the
fact that the vertical asymmetry of the mandible is usually
matched by a compensatory mechanism or whatever remod-
eling takes place in TMD™.

When we compared the Al for the parameters related to
the maxilla between the TMD-positive and TMD-negative
groups, the vertical distance of the J-HP was highly signifi-
cant (P=0.012), suggesting vertical asymmetry in the maxilla.
The other parameters related to the maxilla that determine
the horizontal asymmetry (ZA-VP, J-VP, and VP-O-J) were
non-significant in our study, although the Al was higher in
the TMD-positive group than in the TMD-negative group.
More vertical asymmetry of the maxilla was evident, contrib-
uting to facial asymmetry rather than transverse asymmetry.
Significant vertical asymmetry of the maxilla may be due to
growth-adaptive changes taking place at the maxilla, with
the asymmetries in the mandible being the last to complete in
maxilla”.

For the AI of postural symmetry, differences in Z-Ag-ZA
were found to be highly non-significant (P=0.816), indicat-
ing no significant tilt or rotation of the head in positioning
subjects occurred while exposing them to PAC. This suggests
that the asymmetry revealed in our study is not influenced by
tilt or rotation of head.

On comparing midline skeletal parameters (Me and ANS
to VP) between TMD-positive and TMD-negative groups,
Me deviations were found to be highly significant (P=0.001).
Boel et al.”, Rajpara et al.’, and Trpkova et al.’, also re-
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ported finding significant differences in Me deviations while
studying facial asymmetry with PAC. Other studies have
recognized asymmetric menton deviations of 2-4 mm, and a
considerable amount of asymmetry (2.09 mm) was found in
our study. The ANS deviation from the facial mid-line (VP-
ANS) measurement was non-significant (P=0.140), although
the deviation was slightly greater in the TMD-positive group.

Understanding the etiology of facial asymmetry is criti-
cal for orthodontists and other dental professionals planning
appropriate treatment and management plans, and ensur-
ing long-term stability. In our study, a positive association
was found between facial symmetry and TMDs, indicating
that TMJ disorders are either common causative factors or
the result of facial asymmetries, particularly those affect-
ing the mandible. Mandibular asymmetries can involve the
symphysis, mandibular body, condyle, and ramus, and these
changes can involve the position, size or volume. It is there-
fore important to quantify and determine which structures are
involved, and whether the maxilla, mandible and/or another
craniofacial region can be used to make a correct diagnosis.
TMIJ assessments in facial asymmetry subjects are of clinical
importance as they play essential roles in the diagnosis and
treatment of the condition. Treatment modality for correction
of facial asymmetry (either orthodontic or orthopedic correc-
tion with or without orthognathic surgery) should be based on
the patient’s age and the severity of the condition. Correction
of facial asymmetry is essential in growing subjects as it may
worsen if left untreated and could influence the modeling of
TMJ, primarily on the affected side. For a growing patient, an
asymmetric orthopedic correction can be the ideal treatment
modality. For adult patients with severe facial asymmetry
and where the growth has ceased, orthognathic surgery may
be the optimal treatment approach. Surgical management
of TMJ pathology is often needed to achieve a stable, func-
tional, and esthetic result in subjects with facial asymmetry.
Asymmetry can be corrected only with orthognathic surgery
without TMJ surgery if facial asymmetry is unchanged and
stable with no associated TMJ pathology. However, progres-
sive facial asymmetry that is associated with the pathology
of TMI is indicative of an active disease process and may
require TMJ surgery in addition to orthognathic surgery to
accomplish an acceptable and stable outcome. Ignoring the
TM]J during treatment or failing to provide proper manage-
ment of the TMJ and performing only orthognathic surgery
in such cases may result in worse TMJ-associated symptoms
(jaw dysfunction and pain) and re-occurrence of asymmetry
and malocclusion. Orthodontic treatment alone and other
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non-surgical TMJ treatments (e.g., medication, splints, chi-
ropractic treatment, and physical therapy) may help man-
age TMJ symptoms but will not stabilize or eliminate TMJ
pathology, which is necessary to achieve optimal functional
outcomes.

A limitation of this study is that the TMD-DI considers
only subjective symptoms rather than objective signs, making
it a relatively weak instrument for the detection of TMD. We
could have used other objective indices, such as Fonseca’s
anamnestic index, the Helkimo Index, or the research diag-
nostic criteria for TMDs. However, self-application of TMD-
DI was relatively less time-consuming and was expected to
provide results that would not be influenced by measurement
errors or examiner bias. Another limitation of the study was
the potential for cephalometric errors, given the fact that our
study was two-dimensional, and manual methods of analysis
were used to evaluate the asymmetry of three-dimensional
(3D) structures. Future studies should be based on clinical
examinations of TMJ and radiographic evaluation utilizing
a database of 3D images through CBCT to corroborate these
findings, improve our knowledge in this subject, and dynami-
cally visualize and quantify the relationship between TMD
and facial asymmetry.

V. Conclusion

The results of this study lead to the following conclusion:

1. Facial asymmetry is positively associated with TMD
symptoms, suggesting that TMJ should be evaluated in all the
facial asymmetry cases to determine holistic and a function-
ally stable treatment plans.

2. Craniocaudal asymmetry was increased as the mandibu-
lar region showed asymmetry of higher magnitude compared
with the maxilla.

3. The mandibular region showed more transverse asym-

metry compared with vertical asymmetry.
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