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H I G H L I G H T S

� The surface-to-surface matching technique was introduced to evaluate mandibular symmetry.
� The 3D colored-map can quickly perform visual analysis and objective quantification.
� Seven functional mandibular units were examined to locate asymmetrical anatomical regions.
� Teenagers and adults were analyzed to discuss age differences.
� This method can be applied in various fields like orthodontics, orthognathic, and orthopedics.
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A B S T R A C T

Objectives: This study introduced a three-dimensional (3D) surface-to-surface matching technique to evaluate the
mandibular symmetry of teenagers and adults with unilateral second molar scissor bite.
Methods: The targets came from 73 cone-beam computed tomography (CBCT) images with unilateral second
molar scissor bite, including teenagers (n ¼ 30) and adults (n ¼ 43). 73 images without scissor bite and matched
in sex and age were selected as controls. The scans were developed into 3D mandible models and seven
mandibular functional unit models, including condylar process (Co), coronoid process (Cr), mandibular ramus
(Ra), mandibular angle (Ma), alveolar process (Ap), mandibular body (Mb) and chin process (Ch). The surface-to-
surface matching technique was introduced. 3D deviation analysis and matching percentages calculation were
performed and compared to evaluate the symmetry of the mandible.
Results: Comparisons were made between the study samples and control samples. For teenagers, the matching
percentages of the entire mandible (55.31 � 7.24%), Mb (69.04 � 9.22%) and Co (65.19 � 10.67%) in the study
group were lower than that of the entire mandible (60.87 � 6.38%) (P <0.01), Mb (75.0 � 8.71%) (P <0.05) and
Co (70.25 � 8.20%) (P <0.05) in the control group. While Ap, Ra, Ch, Cr and Ma showed no statistically sig-
nificant differences (P >0.05). For adults, the matching percentages of the entire mandible (48.88 � 9.77%), Ap
(65.83 � 11.21%), Mb (64.43 � 12.03%), Ch (79.17 � 10.29%), Ra (64.11 � 9.84%) and Co (61.08 � 11.64%) in
the study group were lower than the entire mandible (59.28 � 5.49%) (P <0.01), Ap (73.65 � 9.10%) (P <0.01),
Mb (71.66 � 8.40%) (P <0.01), Ch (83.86 � 5.59%) (P <0.05), Ra (68.54 � 7.87%) (P <0.05) and Co (66.20 �
10.62%) (P <0.05) of the control group. Only Cr and Ma showed no statistically significant differences (P >0.05).
Conclusion:Mandibular asymmetry was observed in both teenagers and adults with unilateral second molar scissor
bite. Moreover, compared with teenagers, more mandibular units of adult patients were affected.
Clinical significance: Based on the surface-to-surface matching technique, the symmetric and morphological in-
formation of the mandible can be converted into visual color maps and quantitative descriptions. This method can
bring convenience to the study of the growth of mandible, orthodontic treatment and orthognathic surgery
design.
n).

rm 11 May 2022; Accepted 5 July 2022
evier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:tanjiali@mail.sysu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e09914&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e09914
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e09914


Table 1. Characteristics of the samples.

teenagers (n ¼ 30) adults (n ¼ 43)

study
group

control
group

study
group

control
group

N 30 30 43 43

Gender
(Male/Female)

14/16 14/16 16/27 16/27

Age (year) 13.57 � 1.33 13.27 � 1.64 25.53 � 5.35 25.70 � 4.92
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1. Introduction

The morphology and growth of the mandible are very important in
the oral and maxillofacial fields. The symmetry of the mandible affects
the masticatory function and aesthetics [1]. Therefore, the diagnosis of
asymmetries is very vital for orthodontic treatment and orthognathic
surgery design. Although two-dimensional (2D) radiography such as
lateral cephalograms, posteroanterior cephalograms, and panoramic ra-
diographs have been commonly used in clinical, the magnification errors
and disproportional enlargement indeed severely affected the analysis
[2]. In practice, the proper diagnosis before treatment is necessary for
therapeutic options. Therefore, measurements based on two dimensions
which merely measure the point, liner, and angle have limitations in
accurate measurement, analysis, and treatment planning [3].

Technologies are encouraged to obtain information and analyze data
from three dimensions, to evaluate the tooth, soft tissue, and hard tissue
[4, 5, 6]. For example, by means of a 3-dimensional finite element model
(3D FEM), the characteristics of tooth movement can be studied [7]. The
development of 3D facial image systems has enabled researchers to
evaluate aesthetics and proportions of facial soft tissues [8]. As for hard
tissue, cone-beam computed tomography (CBCT) has come into wide use
in recent years. Exploring scientific methods to accurately assess
mandibular symmetries and morphological characteristics in 3D view is
in great demand. Unlike 2D radiography, the reconstruction model
derived from CBCT allows multiple 3D views to be observed in space
instead of a single sagittal view [9, 10]. Moreover, based on the software,
the segmentation of the mandible from CBCT can be built into a
personalized 3D digital mandible model, which will benefit further
evaluation [11]. Admitted that more and more studies applied CBCT and
3D digital models on measurement and diagnosis, lots of them were still
based on an old 2D fashion to evaluate “point-to-point” distances rather
than “surface-to-surface”, without following the mandibular contour
[12].

Scissor bite is a malocclusion characterized by the buccal inclination
of the maxillary posterior tooth and/or lingual inclination of the
mandibular posterior tooth without occlusal contact. Scissor bite is
mainly found in the secondmolar. Unilateral scissors bite was likely to be
related to many oral craniofacial problems [13]. In clinical, patients with
unilateral scissor bite always choose to use the unaffected side. And
unilateral scissor bite was reported to be associated with disordered
chewing patterns and occlusal interference. The decayed tooth, tooth
elongation, and bad periodontal condition can be observed in the scissor
bite side [14]. In addition, the scissor bite can cause a long-term blockage
of the bite, which hinders the growth of the mandible. Elongated tooth
tips may also cause ulcers and mucosal lesions [15]. Therefore, learning
more about unilateral scissor bite does make sense in clinics. However,
there were relatively fewer reports about the association between uni-
lateral second molar scissor bite and mandibular symmetry. In addition,
few reports compared the difference between teenagers and adults.

The purpose of this study was to introduce the 3D surface-to-surface
matching technique to evaluate the mandibular symmetry of patients
with unilateral second molar scissor bite. Furthermore, following this
methodology, the present study also aimed to compare the morpholog-
ical characteristics of the mandibles in teenagers and adults.

2. Material and methods

2.1. Study population

This retrospective study was carried out on pretreatment CBCTs. The
operating parameters in CBCT (Newtom Vgi, Italy) scanning were set to
90.0 kV and 9 mA, the scanning time was 24 s, and the voxel size was
0.3mm. The subjects were consecutively collected from patients who
attended the Hospital of Stomatology, Guanghua School of Stomatology,
Sun Yat-sen University between 2014 to 2021. The study was conducted
according to ethical standards defined by the Helsinki Declaration of
2

1964, including subsequent amendments or comparable ethical stan-
dards. And the ethical approval was obtained from the ethics committee
of the Affiliated Stomatology Hospital of Sun Yat-sen University,
Guangzhou, China (Approval No. KQEC-2021-41-02). All patients pro-
vided written informed consent to participate. All subjects selected in this
experiment have been de-identified to protect patient privacy.

A power analysis was carried out to evaluate the sample size for this
research [10]. According to a preliminary pilot study, a mean difference
of 5.9% and standard deviation of 7.9% were used as outcomes to
perform the power analysis calculation. The analysis indicated that a
simple size of 28 patients was required to get a power of 80% for a
two-side significance level of 5%.

According to the following inclusion criteria and exclusion criteria,
the CBCT of study group consisted of 30 teenagers and 43 adults with
unilateral second molar scissor bite. Age and gender matched-paired
samples were served as teenager control group (n ¼ 30) and adult con-
trol group (n ¼ 43). Characteristics of the samples are shown in Table 1.
The inclusion criteria are listed as follows: (1) Unilateral second molar
scissor bite; (2) No distortion or artifacts in CBCT images. The exclusion
criteria were: (1) Systemic disease; (2) Oral and maxillofacial trauma; (3)
Oral and maxillofacial anomalies; (4) Previous oral and maxillofacial
surgery; (5) Crossbite: mandibular teeth occluded buccally to their an-
tagonists; (6) Dentition defect. The overall process of the study is shown
in Figure 1. All measurements were taken by the same specialized
operator (YX).

2.2. Original mandible model and mirrored mandible model

The obtained CBCT data was converted into Digital Imaging and
Communications in Medicine (DICOM) format (Figure 2a). Then the
CBCT data were imported into Mimics version 20.0 (Materialize NV,
Liege, Belgium) to develop the initial segmentation mask (Figure 2b).
The Edit Mask tool was used to develop the mandible region (Figure 2c).
After enhancement of boundaries by erasing unnecessary information
and adjusting the visualization of the segmentation mask, the original
mandible part was calculated (Figure 2d). Then the original mandible
model was mirrored, to obtain the mirrored mandible model (Figure 2e).
After that, the two models were exported (.stl).

2.3. Alignment

The models obtained from last step were imported to Geomagic
Control X software (version 2018.1.1, 3D Systems, Santa Clara, CA
95054, USA). In this software, the original mandible model was set as the
reference data and the mirrored mandible model was set as the test data.
Then the “Initial Alignment” tool was used for the initial overlay. After
that, the “Best Fit Alignment” function was used for the final superim-
position (Figure 2f). The registration accuracy was set to at least 0.1 mm,
and the surface registration percentage was set to a maximum of 100%
[16].

2.4. 3D deviation analysis of the mandible

The distances between the original mandible model and the corre-
sponding mirrored mandible model area were displayed in the form of
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color-coded maps, as shown in Figure 3. 3D Comparison” tool was used
for the 3D deviation analysis. The color green was defined as within
tolerance (set to �0.50 mm). When the distance difference was greater
than þ0.5mm, the color changed from yellow to red. When the distance
difference was less than -0.5mm, the color changed from light blue to
dark blue. Darker color represented further distance between the corre-
sponding areas of the two models [16, 17]. The percentage of the dis-
tance between the two models within the tolerance range was defined as
the matching percentage (%). The lower matching percentage repre-
sented a more significant asymmetry of the mandible.

2.5. 3D deviation analysis of mandibular functional units

As the functional matrix theory revealed, mandible development was
associated with the independent growth of mandibular functional units.
According to the landmarks (Table 2), the mandible was constructed to
the mandibular functional units (alveolar process, mandibular body,
condylar process, chin, coronoid process, mandibular ramus, and
mandibular angle) (Figure 4). The mandibular units models were
mirrored to obtain the mirrored models. After that, initial alignment and
best-fit alignment were used. Same to the above method, the tolerance
range of the deviation analysis was set to 0.50 mm, and the color changed
with the distance. When the distance difference was within �0.50 mm,
Figure 1. The flow cha
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the color was green. When the distance was greater than þ0.5mm, the
color changed from yellow to red. When the distance difference was less
than -0.5mm, the color changed from light blue to dark blue (Figure 5).
After that, the matching percentages of each mandibular unit were
calculated.

2.6. Statistical analysis

The data from study groups and control groups were conducted the
descriptive statistical analysis. Microsoft Excel (2016, Microsoft, Red-
mond, Wash) was used to record the measurement results. SPSS (version
25.0; IBM, Armon, NY) was used for statistical analysis. The whole
mandible and mandibular functional units (alveolar process, mandibular
body, condylar process, chin, coronoid process, mandibular ramus, and
mandibular angle) were compared between the study and control groups.
In this study, Shapiro–Wilk test was used to test the normality of the data.
The data of mandible, condylar process, alveolar process and mandibular
body were normally distributed; so, the independent t-test was con-
ducted for them. The data of mandibular ramus, mandibular angle,
coronoid process and chin were not normally distributed; therefore, the
Mann-Whitney U test was used for them. In order to assess the method-
ological error, measurements were repeated for ten randomly selected
CBCT images 8 weeks after the first examination by the same specialized
rt of the research.
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operator. The intraclass correlation coefficient (ICC) was used to assess
the consistency and reproducibility. The magnitude of the random error

was assessed using the Dahlberg formula [18, 19] (D ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPN
i¼1

di2=2N

s
,

where di is the difference between the first and the second measurement,
and N is the sample size which was re-measured). The measurements
were considered highly reliable. The intraclass correlation coefficient
value was 0.945 (95% CI, 0.915–0.964). The random error ranged from
0.9% to 4.2%. P values less than 0.05 were considered statistically
significant.
3. Results

The matching percentages of the mandibles were recorded in Table 3.
Firstly, study groups and control groups were compared. As for teenagers,
the mandible matching percentage of the study group (55.31 � 7.24%)
was lower than that of the control group (60.87 � 6.38%) (P <0.01). For
adults, the matching percentage of the study group (48.88 � 9.77%) was
also lower than that of the control group (59.28 � 5.49%) (P <0.01).
What is more, compared with that of the teenager study group, lower
matching percentages of the adult study group were found (P < 0.05).
However, there was no difference between the teenager control group
and the adult control group (P >0.05).

According to the 3D color maps, it was revealed that somemandibular
anatomic areas appeared more remarkable asymmetrical morphology.
The mandible was divided into seven mandibular functional units,
including the alveolar process, mandibular body, condylar process, chin,
coronoid process, mandibular ramus, and mandibular angle. Matching
percentages of the mandibular functional units were calculated and
compared (Figure 6). For the teenagers, the matching percentages of the
mandibular body (69.04� 9.22%) (P<0.05) and condylar process (65.19
� 10.67%) (P <0.05) of the study group were lower than the control
samples. No statistically significant difference was found at other units,
including the alveolar process, chin, coronoid process, mandibular
ramus, and mandibular angle (P >0.05). However, in the adult study
group, the results highlighted that more areas were suffered, and more
significant mismatches mainly localized at the alveolar process (65.83 �
Figure 2. (a) CBCT data was imported to the Mimics software. (b) The initial segm
model was developed. (e) The mirrored mandible model was developed. (f) Best Fit
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11.21%), mandibular body (64.43 � 12.03%), chin units (79.17 �
10.29%), mandibular ramus (64.11 � 9.84%) and condylar process
(61.08 � 11.64%) (P <0.05). No significance was found in the coronoid
process and mandibular angle (P >0.05).

4. Discussion

In our study, the surface-to-surface matching technique was intro-
duced to evaluate the symmetry and morphology of the mandible with
unilateral second molar scissor bite. According to the results, unilateral
second molar scissors bite was found associated with mandibular asym-
metry. Moreover, both teenagers and adults can be affected. In particular,
asymmetry was more frequently observed in adults, especially at the
alveolar process, mandibular body, chin units, mandibular ramus, and
condylar process. However, teenagers with unilateral second molar
scissor bite appeared to affect less asymmetric mandibular units than
adults. Only the mandibular body unit and condylar process were
affected.

Nowadays, the emerging sophisticated engineering software provides
new opportunities to comprehensively evaluate craniofacial anatomical
characteristics and morphological changes. The “surface-to-surface”
mappingmethod is used to evaluate the distances between the twomodel
surfaces [20]. The distance length is displayed in different colors and
formed in a 3D color map to analyze the morphological difference
visually [16]. What is more, the mirroring method provides an important
method for analyzing craniofacial asymmetry. Via comparing the original
model and mirrored model, the difference between the left and right can
be evaluated [21]. Quantitative analysis can be performed by best fit
alignment and calculating the matching percentage [22]. The informa-
tion obtained via this new measurement method can facilitate compre-
hensive diagnosis and treatment planning.

Studies have shown the association between mandibular muscle
contraction and malocclusion. Masticatory muscle strength was neces-
sary for the growth and development of the mandible [23, 24]. A scissor
bite in the area of the second molars is often a therapy-resistant problem
in everyday clinical practice [25]. The position of the second molar is
very close to the attachment area of the masticatory muscles. As a result,
its buccal and lingual structures seem to be influenced by masticatory. A
entation mask. (c) The mandible part was calculated. (d) The original mandible
Alignment.



Figure 3. 3D Surface deviation analysis of mandibles. (a) teenager study group. (b) adult study group.

Table 2. The landmarks to delimitate the mandible.

Landmark Definition

Sg Deepest point on the sigmoid notch

B Supramental, the most concave point on mandibular symphysis

Ri Ramus inflexion, the transition between the front edge of mandibular
ramus and the mandibular body

Ag Antegonion, the most concave point of the anterior notch of the
mandibular angle

MP Mandibular plane, tangent to the lower edge of the mandible

RP Ramal plane, tangent to the condylar process and mandibular ramus
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previous study found that patients with unilateral scissor bite preferred to
use the normal side to exercise their chewing function. This experiment
then evaluated the mandibular movement, masseter, and temporal
muscle activities during mastication. The abnormal mandibular move-
ment mode was exhibited during the mastication process. The mastica-
tion pattern on the scissor bite side was narrower, the closing time was
longer, the closing speed was slower, and the masseter and temporal
muscle activity were lower [26]. The change in muscle function is an
essential factor influencing the growth and development of craniofacial
Figure 4. Mandibular functional units construction. Co, condylar process; Cr, coron
Mb, mandibular body; Ch, chin process.
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bones remodeling. Moss [27] proposed the theory of functional units.
The mandible can be divided into different units, and each unit will be
affected by the surrounding functional matrix. The development of the
entire mandible resulted from the joint growth and development of these
functional units. Moreover, these skeletal units were affected by the
surrounding tissues and muscular structures attached to them [28]. The
muscle fibers and the force generated during muscle movement can be
transmitted to the bones [24]. A better understanding of the relationship
between craniofacial deformities and muscles will help clinical diagnosis
and treatment [23]. One study has found that unilateral atrophy of the
masseter muscle affected the local morphology of the bones. In the
experiment, botulinum toxin A (BTXA) was injected into a specific site to
induce muscle function decline, and bone changes were observed,
thereby discovering the interaction between masticatory muscles and
craniofacial bones [29]. Mandibular remodeling was a complex process.
Many of the mechanisms have not yet been fully elucidated. But what can
be observed was that the biomechanical response of the “functional
matrix” of surrounding tissues can indeed affect bones. In addition,
changes in bone remodeling during development were also manifesta-
tions of adaptive functional activities [27, 30].

Although scissor bite adversely affects facial symmetry, mastication,
and mandible growth, it is usually unnoticed by patients [31]. As
oid process; Ra, mandibular ramus; Ma, mandibular angle; Ap, alveolar process;



Figure 5. 3D Surface deviation analysis of mandibular functional units. Co, condylar process; Cr, coronoid process; Ra, mandibular ramus; Ma, mandibular angle; Ap,
alveolar process; Mb, mandibular body; Ch, chin process.

Table 3. Mandible matching percentage of the study group and control group.

Total Matching
percentages
(mean; %)

SD Significance

Teenagers study group 30 55.31 7.24 **

control group 30 60.87 6.38

Adults study group 43 48.88 9.77 **

control group 43 59.28 5.49

The results were normally distributed. P values were based on the independent t-
test. The level of significance was set at 0.05. ** ¼ p <0.01.
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mentioned above, various factors can lead to scissor bite malocclusion.
And in turn, malocclusion can also have a series of effects on the
mandible growth, masticatory system, and joints. Unilateral scissor bite
is not self-correcting, and according to an investigation about the
worldwide prevalence of dental malocclusion, scissor bite increase from
primary to permanent dentition [32]. Besides, mandibular asymmetry
correlated to mandibular body length and mandibular rotation [33]. The
continuous periosteal ossification with bone resorption led to bone
remodeling [34]. Therefore, it was supposed that if the unilateral second
molar scissor bite remains untreated for years, the mandible's asymmetry
will worsen as time goes on. When the scissor bite persists, the posterior
teeth of the lower jaw will be subjected to the force of the lingual tilt, and
6

the posterior teeth of the upper jawwill elongate in the vertical direction.
If this situation continues in this way, the alveolar bone may be severely
affected, resulting in skeletal compensation, and leading to inclined
occlusal surfaces and asymmetric mandibular growth [15]. Muscles ex-
press different sarcomeric proteins that determine different contractile
properties. These may vary with age and activity patterns. Muscle plas-
ticity impacts pathology and physiology [35]. Therefore, correcting the
scissor bite at a young age makes sense.

The challenges of correcting a scissor bite include the buccal tilt of the
maxillary molars and the lingual tilt of the mandibular molars. For the
early treatment of young patients, when the inclination of the dentition
mainly manifests the scissor bite side, and there is no apparent vertical
growth of the maxillary alveolar bone, fixed and detachable appliances
can be selected for treatment. Nojima et al. reported a case concerning
correcting a patient with a scissor bite. The patient was a child with
mixed dentition. By bonding and shrinking the quad-helix appliance on
the upper jaw, the bite was opened, and the width of the upper jaw arch
was reduced, independent of the child's cooperation [36]. Shyagali used
TAS appliance (T-Tarulatha, A-Akashdeep, and S-Shyagali) for the
correction of expanded maxillary arch and the scissor bite [37].

For adult patients with scissor bite, the main challenges lie in pro-
tecting the anchorage during the treatment of tilted dentition and alve-
olar bone deformities. Micro-screws have been widely used in the field of
orthodontics in recent years. They play an important role by being
implanted in the bones as anchors [38]. Wang et al. used micro-screws



Figure 6. Matching percentages of the mandibular functional units. The level of significance was set at 0.05. * ¼ p <0.05; ** ¼ p <0.01.
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combined with traditional sliding MBT™ straight wire technology to
achieve vertical control. Wang et al. treated a patient with high-angle
bone type II malocclusion with a scissor bite. Micro-screws were placed
in the anterior and posterior segments of the upper jaw. This method
reduced deep overbite, corrected the scissor bite, and helped the
mandibular plane's counterclockwise rotation, thereby improving facial
profile [39]. For severe scissor bite, multiple teeth are involved. Espe-
cially in older patients, the vertical growth of the upper alveolar bone
collapsed mandibular arch, and a significant degree of overlap of the
upper and lower teeth are more likely to appear. Simply using ortho-
dontic appliances or anchored micro-implants will be challenging to
correct severe scissor bite. For such severe cases of bone asymmetry, a
combination of orthodontics and orthognathic surgery can be a better
treatment option [40, 41].

The surface-to-surface matching technique was considered as a user-
friendly tool. Via this methodology, the symmetry and morphology in-
formation can be converted into maps with different colors. This method
may be applied in daily practice, bringing convenience to the clinical
diagnosis and treatment. This study mainly focused on the characteristics
of the mandible with unilateral second molar scissor bite before treat-
ment. The after-treatment cases have not been evaluated. If these patients
can be followed up for further longitudinal researches in the future, it
will be helpful to study the effect of orthodontic interventions. In addi-
tion, surface-to-surface matching techniques are expected to find wider
7

application in other medical fields, such as computer-aided orthognathic
surgery design and orthopedics.

5. Conclusion

Unilateral second molar scissors bite was associated with mandibular
asymmetry, and both teenagers and adults can be affected. However,
adults with unilateral second molar scissor bite appeared to affect more
asymmetric mandibular units than teenagers. Adults presented more
asymmetric alveolar, mandibular body, condylar process, mandibular
ramus, and chin units. The coronoid process and mandibular angle
showed no significance compared with the adult control group. Teen-
agers with unilateral second molar scissor bite showed much less asym-
metry. The mandibular body and condylar process played a more
dominant role in the asymmetry of the mandible than the alveolar pro-
cess, chin units, mandibular ramus, coronoid process, and mandibular
angle.
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