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Abstract: Asymmetry of the face and dental arch is a natural phenomenon. Symmetry can be defined as
an equal or corresponding distribution at two extremes, poles or on both sides of the body, in the form
of a distribution around a center or an axis. Previous studies have shown that different skeletal
patterns have a significant effect on mandibular condyle morphology, and that the jaws are
asymmetrical in function and movement, indicating that the left and right sides of the mandible develop
differently. Therefore, Symmetry assessment is important in aesthetic assessment of any craniofacial
region as well as in assessment of malocclusion.
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Facial symmetry refers to the balance state corresponding to the size, shape, and arrangement of
facial tissues and structures on both sides of the midsagittal plane. The left and right sides of the
craniofacial complex containing the same structure need to grow and develop in a similar manner to
achieve symmetry. Craniofacial growth does not have absolute transverse uniformity and even faces
considered satisfactory may have some asymmetry [l Wang Xing @ et al. concluded that the
horizontal asymmetry rate between the two sides of the midsagittal plane of the face should be less than
2% in a beautiful population, and Farkas ! et al. concluded that abnormal asymmetry should be
considered when the mean difference between the left and right sides exceeds 3 mm or 3%. Some
scholars ™ believe that subjective visual differences only occur when asymmetry on both sides of the
face develops to a certain extent. According to the classification proposed by Wolford, normal facial
asymmetry (non-pathological) may be due to genetic defects, differences in growth models and natural
growth, and environmental factors ). The rate of asymmetry gradually increases from top to bottom in
all parts of the face, especially in the lower jaw [°. The mandible is the only movable bone in the
craniofacial skeleton and is the main body that performs the function and plays an important role in
determining the shape and symmetry of the face. Adaptive responses of the mandible to deviations
during functioning, which may have implications for modeling of the condyle and glenoid fossa as well
as remodeling and modeling of the mandible. This may result in dimensional differences in the size or
shape of the left and right sides of the jaw, i. e. jaw asymmetry ["]. The condyle plays an important role
as the growth center of the mandible, occlusal imbalance leads to abnormal stress distribution on the
condylar joint surface, and mandibular asymmetry may lead to internal disturbances and functional
impairment of the temporomandibular joint (1. There is much less mention of the asymmetries that may
occur normally in the mandible than the pathological reactions that arise from mandibular asymmetries.

1. Progress in facial symmetry research

For orthodontists, it is essential to identify the impact of asymmetric dental arches and bones on
maxillofacial function and etiology in order to make a correct diagnosis and make a treatment plan.
However, some degree of asymmetry in craniofacial bone, muscle, and soft tissue structures in humans
is acceptable from a clinical point of view. Cho ¥ et al investigated craniofacial asymmetry in 533
children aged 0 to 18 years without craniomaxillofacial developmental malformations and found head
asymmetry of 1.5 plus and minus 0.5 mm (range, 0.46 to 4.78 mm) and facial asymmetry of 1.2 plus
and minus 0.6 mm (range, 0.4 to 5.4 mm), 99.7% of healthy children, with head asymmetry less than
3.6.mm, facial asymmetry less than 3.2 mm. Therefore, they concluded that craniofacial asymmetry
within this numerical range is “normal asymmetry”. Kim "% et al concluded that facial asymmetry was
manifested when the horizontal distance between the mandibular midpoint of soft tissue and the
midline was more than 2 mm or between the mandibular midpoint of hard tissue and the midline was
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more than 2 mm, and for the first time, facial asymmetry was classified as TML according to the
deviation of the submental point (horizontal distance between the submental point-midline more than 2
mm), transverse asymmetry of soft tissue (T, The horizontal distance from the point of the soft tissue
mandibular angle to the midline is greater than 2 mm), maxillary inclination (M, the vertical distance
between the point of bilateral molar to the point of lateral orbital wall and the septal bone is greater
than 2 mm), lip inclination (L, through the line between the bilateral labial angle junction points that is,
the difference between the labial plane and the vertical distance between the left and right pupillary
centers is greater than 2 mm). Many scholars believe that when bone tissue deviates is Greater than or
equal to 2 mm from the midline and/or soft tissue deviates is greater than 2 mm from the midline, it
shows detectable significant facial asymmetry [,

In the past, due to the lack of objective measurement, surgeons could only design the amount of
surgical changes through personal experience and estimate the surgical outcome, which may lead to
differences between the surgical outcome and patient expectations ['?!. Therefore, careful and accurate
preoperative characterization and quantitative analysis of the contour morphology of the face,
comparison of bilateral facial asymmetry, and reliable prediction of facial changes are very important
for preoperative surgical design of intraoperative surgical guidance as well as postoperative surgical
effect evaluation, which can maximize the compliance with the patient's expectations. In order to
compare facial asymmetry, a series of reliable, accurate and reproducible landmarks ['*! need to be set,
and the degree of facial asymmetry needs to be analyzed by measuring the distance from each
landmark point to the midsagittal plane (MSP), so the selection of MSP is essential [!4~16],

2. Research progress on mandibular symmetry

Good mandibular symmetry is a prerequisite for normal functioning of the stomatognathic system
and a measure of coordinated aesthetic facies in patients undergoing orthodontic treatment. In the
normal population, differences in bilateral mandibles may also be found by actual measurements. The
diagnosis of mandibular asymmetry is mainly determined by the location of the central point of the
mandible, such as Pogonion (Pog), Gnathion (Gn) and Menton (Me). Traditionally, the distance from
these central landmarks to the facial MSP has been calculated to quantify and classify mandibular
asymmetry, mild asymmetry (less than 2 mm), moderate asymmetry (range 2 to 4 mm), and severe
asymmetry (more than 4 mm) ['""'°). Using cone beam computed tomography (CBCT) % or
posteroanterior cephalography (PA cephalography). In 1988, Habets et al 2! introduced an asymmetry
index and analyzed the vertical asymmetry of the mandible using digital orthopantomograms, and
mandibular ramus and/or condylar height asymmetry index values of more than 3% were considered to
have vertical asymmetry. This method has been well applied in three-dimensional examinations such as
CBCT.

3. Relationship between different skeletal patterns and asymmetry of mandible
3.1 Relationship between sagittal skeletal pattern and mandibular asymmetry

Clinical studies of mandibular asymmetry in orthodontic and orthognathic surgical patients have
found the prevalence of mandibular asymmetry to be 12% to 37% in different populations and in
different sagittal skeletal pattern. Some scholars have shown ['"1] that the prevalence of mandibular
asymmetry is higher in Class III malocclusion patients than in Class II or I. Then mandibular
overgrowth in class III patients may be a risk factor for unbalanced development on both sides of the
mandible. Sezgin et al ?? assessed mandibular asymmetry in young adults under different sagittal
skeletal pattern and concluded that skeletal Class II division 1 and Class III malocclusion had a
significant impact on the condylar asymmetry index (CAI) compared to other occlusal types.
Kasimoglu et al ] investigated the relationship between vertical asymmetry of the mandibular condyle
and sagittal skeletal pattern in adolescent patients and found no significant differences in condylar
asymmetry values among Class I, II, and III malocclusion. Sievers et al [**! assessed possible
differences in mandibular asymmetry between patients with skeletal Class I and II relationships and
concluded that although mandibular growth was inconsistent, skeletal Class II mandibular asymmetry
did not occur at a higher rate than skeletal Class I. All groups studied by Monje F ] et al. had higher
condylar asymmetry index (CAI) values than the 3% threshold of Habets et al. In addition, patients
with skeletal Class II division 1 and Class I malocclusion had significantly higher CAI values
compared to the Class III group. Compared with Class I malocclusion, Class II Class I malocclusion
showed significantly higher CAI values. Therefore, these two types of malocclusion may become a
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predisposing factor for condylar asymmetry if left untreated.
3.2 Relationship between vertical skeletal pattern and mandibular asymmetry

Facial features with differences in ramus height and mandibular plane angle in individuals with
different vertical facial patterns, mandibular condyle morphology and position can be significantly
affected by mandibular retrorotation 2271, Riddle PC [?] et al investigated the relationship between the
size, position, shape, ramus height, and vertical bone pattern of the mandible and concluded that
individuals with high angles had lower ramus height than those with mean and low angles. Mendoza
LV 281 et al found that in addition to the vertical facial pattern, gender and sagittal relationship of
maxilla and mandible may also influence ramus height, condylar morphology and mandibular
asymmetry. Saccucci ?°! et al found that patients with low angles had larger condylar surface area and
volume, patients with low angles had thicker condyles, while patients with high angles had smaller
condyles. Alhammadi MS B% concluded that the condyle was found more laterally in high-angle
patients relative to the glenoid fossa. Monje F [*!! notes, based on evidence from experimental animal
models, that during craniofacial development, the medial and lateral pterygoid muscles determine an
advantageous effect in terms of reduced movement of the medial ramus and therefore reduced
intercondylar distance. To further investigate the causes of the effects of different skeletal pattern on
mandibular asymmetry, Chen Jie et al. 3! found that the medial joint space was larger in low-angle
patients with various sagittal skeletal patterns, the masticatory muscle strength was greater in low-angle
patients, the stress on the medial pole of the condyle was greater, and stimulation of the medial wall of
the glenoid fossa resulted in a larger intra-articular space; and the condyle was larger and the glenoid
fossa was narrower in low-angle patients which indicate that the condyle was located laterally to the
glenoid fossa in low-angle patients. The glenoid fossa was shallower and the posterior slope angle of
the articular tubercle was smaller in the high-angle group, while the opposite was true in the low-angle
group. Li Chen et al 33 concluded that patients with high angles need to open less occlusion when
opening, so the posterior slope angle of the articular tubercle is small, and patients with high angles
have weak masticatory muscle strength, making the glenoid fossa develop shallowly, and flat articular
tubercle and shallow glenoid fossa make the condyle more likely to grow forward, so that the mandible
rotates clockwise and the mandibular plane angle increases. Li Fang, Ye Yanyan and other scholars %
31 studied that the growth pattern of condyles with short surface morphology was mainly vertical
growth, which contributed greatly to the growth of the ascending ramus and made the mandible turn
counterclockwise, that is, the anterior mandible turned anteriorly and superiorly, which was more likely
to form a low-angle vertical skeletal facial type and sagittal skeletal facial type Class III; while the
growth pattern of the slender condyle was mainly sagittal growth, although the overall condyle was
longer, it contributed less to the growth of the ascending ramus, and such a growth pattern made the
mandible rotate clockwise, that is, the anterior mandible turned posteriorly and inferiorly, which was
more likely to form a high-angle vertical skeletal facial type and sagittal skeletal facial type Class II.

4. Significance of Mandibular Asymmetry research

Although controversial, linear and volumetric mandibular asymmetry seems to be more prevalent in
males. However, this condition seems to be closely related to the sagittal skeletal facial type, and
asymmetric growth of the mandible may increase the risk of facial asymmetry ¢l Although
questionable, asymmetry of specific components of the mandible such as mandibular ramus height may
only serve as morphological predictors of risk and no causal relationship can be established 7). From a
clinical point of view, mandibular ramus height and condylar features are both common causes of facial
asymmetry and may be associated with the vertical facial type B8], For example, it has been suggested
that individuals with high angles have lower mandibular ramus heights, however, data on the
prevalence of Mandibular ramus height asymmetry differ between facial types and asymmetry may not
differ significantly between the left and right sides. The condyle plays an important role as the growth
center of the mandible, and abnormal stress distribution on the articular surface due to occlusal
imbalance may lead to internal disturbances and functional impairment of the temporomandibular joint
(TMJ) in patients with mandibular asymmetry. There are far fewer references to normal asymmetry
that may arise in the TMJ than to other asymmetries in the craniomandibular region, however,
differences in vertical skeletal facial type can affect the position of the condyle and may affect the
positional asymmetry between the condyle and midsagittal plane. To date, no studies have assessed the
impact of intercondylar distance on the severity of facial asymmetry (49,

Morphometric aspects such as mandibular ramus and intercondylar distance may be associated with
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mandibular asymmetry and may be considered as etiological or predisposing factors for the
development of temporomandibular disorders syndrome [#!l. Therefore, determining morphological
differences between different mandibular components can help understand whether morphometric
differences such as the mandibular ramus and condyle may be related to mandibular asymmetry and
can be regarded as etiological or predisposing factors for the development of temporomandibular
disorders syndrome. Thus, identification of morphological differences in different skeletal facial types
could help to understand the etiology and associated pathology of asymmetry in the lower third of the
face. It has some clinical implications that establish an asymmetric clinical pattern that is considered
normal.

5. Conclusion

Mandibular symmetry is one of the important reference criteria for assessing facial aesthetics.
Different skeletal facial types have an effect on the morphological development of the mandible, and
asymmetry in the function and movement of the mandible is an indication of different development of
the left and right sides of the mandible. Evaluating the differences in mandibular morphology between
different osteofacial types allows for an understanding of the etiology and associated pathology of the
lower third of facial asymmetry.
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