-

(c
| C

e

o

o[n)
:'.\|

DOI: 10.5937/bjdm24010560

BALKAN JOURNAL OF DENTAL MEDICINE

"t socrs

BaSs

;~"§’*:~‘
t% ; ISSN 2335-0245
AN ‘0\&

Association Between Skeletal Malocclusion, Masseter
Muscle Volume, and Bite Force: CBCT Study

SUMMARY

Background/Aim: This study aimed to evaluate the masseter muscle
volume and maximum bite force in individuals with different types skeletal
malocclusion. The researchers conducted a comparative analysis to assess
the relationship between skeletal malocclusion groups and masseter muscle
volume, as well as maximum bite force. By examining these variables,
the study aimed to provide insights into the underlying mechanisms of
craniofacial deformities. Materials and Methods: The study was conducted
on a sample of 60 young adult patients (18-30) years. These patients were
referred to the clinic for Cone Beam Computed Tomography (CBCT)
imaging. Radiological measurements were taken using CBCT images, and
bite force was measured using a force measurement sensor. Results: The
results of the study indicated a statistically significant relationship in both
muscle volume and bite force among the different skeletal malocclusion
groups. However, no correlation was observed between muscle volume and
other variables. The statistically significant relationship between vertical
groups and muscle volume/bite force suggests that these measures could
potentially serve as supplementary diagnostic tools. However, the uneven
distribution of vertical directional groups indicates that they may not be
entirely reliable as diagnostic tools. Therefore, further investigation using
larger sample sizes is necessary to better understand the relationship
between skeletal malocclusion, bite force, muscle volume. Conclusions:
The absence of correlation between muscle volume and bite force suggests
that CBCT may not be reliable method for soft tissue imaging. This implies
inadequacy of CBCT in capturing soft tissue details.
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Introduction

The relationship between masticatory muscles and
skeletal malocclusion has not been extensively studied in
the past. However, recent advancements in dental imaging
techniques have allowed for non-invasive investigations
into the relationship between masticatory muscles and
skeletal malocclusion and craniofacial morphology!. The
masticatory muscles play a crucial role in jaw growth,
both in terms of bone formation at the muscle attachment
site and as a major component of the soft tissue matrix
that facilitates jaw movement during growth?.

Reduced muscle activity can lead to increased
anterior facial height, distortion of facial-mandibular
form, and anterior open bite.> Animal studies have
also demonstrated that interference with masticatory
muscle development can result in changes in jaw bone
shape*. Various methods have been described in recent
studies to evaluate muscle size, including measuring
masseter muscle volume, cross-sectional area, and
length using techniques such as CT, CBCT, MRI, and
ultrasonography> ©.

The use of 3D cone beam computed tomography
(CBCT) and advanced visualization capabilities have
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made it possible to define the orientation of the masseter
muscle from the zygomatic process to the mandible. This
allows for an understanding of the role of the masseter
muscle in craniofacial morphology, particularly in
different types of skeletal malocclusion. The literature
describes different indicators of jaw muscle function,
including maximum bite force (MBF), electromyography
(EMGQG), cross-sectional area (CSA), muscle thickness, and
muscle voliime”™.

Maximum bite force is an indicator of masticatory
system health and can vary based on factors such as
gender, general physical structure (BMI; body mass
index), tooth condition, facial morphology, and age.
The relationship between these variables has shown
contradictions in the literature. Some studies have
found significant correlations between bite force
and muscle thickness, as well as between masseter-
temporal muscle thickness and facial morphology.
Subjects with malocclusion generally exhibit decreased
masticatory performance compared to those with normal
occlusion!®-12,

Most studies in the literature have focused on
evaluating the size and volume of the masseter muscle
and drawing conclusions about individuals’ facial
patterns. Few studies have specifically investigated
modern imaging techniques and the role of craniofacial
morphology. The objective of this study was to
assess masseter muscle volume and molar bite force
measurements in different types of malocclusions.
We hypothesize that volume and bite forces will vary
significantly among different types of malocclusion.

Materials and Methods

The study included a total of 60 young adult patients,
with 30 females and 30 males, ranging in age from
18 to 30 years. The sample consisted of patients who
sought treatment at the Oral and Maxillofacial Surgery
Department and Orthodontics Department of Kirikkale
University Faculty of Dentistry, as well as those referred
to the clinic for Cone Beam computed tomography
(CBCT) imaging. The study was approved by the
Kirikkale University Clinical Research Ethics Committee.

Exclusion criteria were applied to eliminate patients
with syndromes or other developmental deformities, a
history of head and neck trauma, previous orthodontic
treatment or orthognathic surgery, cervical spine surgery,
fixed prostheses or large occlusal restorations, periodontal
disease or temporomandibular disorders.

Lateral cephalometric images were obtained from the
CBCT scans using the ray sum technique with the I-Cat
Invision program. All cephalometric radiographs were
saved in JPEG format and analyzed using the VistaDent
OC 1.1 software (GAC International Inc. Bohemia, NY,

USA) to determine the types of skeletal malocclusion
present in each patient.

Based on the sagittal skeletal pattern determined by
the ANB angle range analysis on lateral cephalograms, the
participants were categorized into three groups. The Class
I group included subjects with an ANB angle range of 0
to 5 degrees, the Class II group comprised subjects with
an ANB angle greater than 5 degrees, and the Class III
group consisted of subjects with an ANB angle less than
0 degrees.

Furthermore, based on the vertical skeletal pattern
estimated using the Frankfurt-mandibular plane angle
(FMA) through the Tweed cephalometric analysis on
lateral cephalograms, the participants were divided into
three groups. The hypodivergent group had an FMA angle
below 20°, the normodivergent group had an FMA angle
ranging from 21° to 28°, and the hyperdivergent group
had an FMA angle greater than 29°.

The CBCT images of each patient, in DICOM
format, were transferred to 3D-Doctor software (Able
Software Corp. Lexington, MA, USA) for analysis.
Since the densities of the masticatory muscles were
similar on CBCT images, the automatic segmentation
method was not utilized. Manual segmentation was
performed on the sagittal images, with the border of the
masticatory muscle marked in each section (Figure 1). An
independent observer who was blinded to the patients’
clinical conditions performed the measurements. To
ensure reliability, measurements were carried out by the
observer once per day to minimize fatigue-related errors.
Intraobserver reliability was assessed by repeating the
measurements on CBCT images of 10 patients one week
after the initial measurements. The collected data were
recorded in an Excel worksheet for further analysis.
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Figure 1.

The
using a portable bite force sensor designed for medical
purposes (Viste, Hong Kong, China). The sensor consists
of stainless steel plates covered with rubber on the outer

bite force measurements were conducted

surface, which facilitates comfortable biting for patients.
Disposable plastic covers were used for hygiene purposes
for each patient (Figure 2). The device displays force
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values in Newtons (N) after converting the measurements
from kilograms. To ensure that the modified bite surface
did not affect the recorded bite force values, weights with
known masses were measured using both surfaces. The
analysis confirmed that the bite surfaces did not have any
impact on the weight measurements.

Figure 2.

Bite force measurements were taken between the
maxillary and mandibular first molars on both the right
and left sides (Figure 3).

Figure 3.

Prior to the measurements, the patients were seated
in a dental chair with their heads in a comfortable upright
position, maintaining the Frankfort plane nearly parallel
to the floor. Patients were instructed to bite the sensor
with maximum force without moving their heads. The
process was concluded when the bite force reached its
maximum value as displayed on the digital screen. Bite
force measurements were performed three times on
each side (right and left), and the average value of each
measurement was recorded. The analysis of the data
showed that the bite surfaces do not affect the weight
measurements.

The collected data were analyzed using the Statistical
Package for Social Sciences (SPSS Inc. Chicago, Illinois,
USA) version 18. The normality of the data distribution
was assessed using the Kolmogorov-Smirnov test. Since
the data did not follow a normal distribution (p < 0.05),
the non-parametric Kruskal-Wallis test was utilized for

statistical comparisons between groups. However, when
the data showed a normal distribution, parametric tests
such as one-way ANOVA were employed for the analysis.

Results

Age distribution did not differ significantly between
genders (p > 0.05). However, there was a statistically
significant difference in BMI distribution between
men and women (p < 0.05) (Table 1). No significant
differences were observed in the average age and BMI
values among subjects based on skeletal sagittal and
vertical classifications (p > 0.05).

Table 1: Comparison of age and BMI of subjects by

gender
Female Male P
Mean+SD Mean+SD
Age 22.2+1.09 22.7+1.29 0.11
BMI 21.63+£2.12 2493 +£4.07 0.00*

*p<0.05: Statistically significant difference

Regarding bite force measurements based on skeletal
sagittal classification, no significant differences were found
between the groups for both the right and left sides (p >
0.05). However, Class I subjects exhibited higher bite force
measurements compared to the other groups (Table 2).

Table 2: Comparison of bite force and muscle volume
measurements according to skeletal sagittal direction
classification of subjects

Skeletal Class Skeletal Class Skeletal Class

I I 1 P
Mean+SD Mean+SD Mean+SD

Bite Force (N)

Rightside 471.60+51.58 455.02+33.93 451.41+40.89 0.939
Left Side  755.89+273.89 435.61+£33.73 405.99+48.73 0.223
Mean 613.79+144.64 445.31429.32 428.64+42.95 0.252
Masseter Volume (cm3)

Rightside 27.266+1.319 32.227+2.108 30.547+2.034 0.178
Left Side  26.550+1.454 30.566+1.756 28.041+1.412 0.191
Mean 26.908+1.218 31.396+1.697 29.294+1.581 0.126

One-way Anova Test
*p<0.05: Statistically significant difference

When evaluated based on vertical classification, the
hyperdivergent group demonstrated significantly lower
bite force compared to the other groups (p < 0.05). Within
the Class I subjects, the normodivergent group exhibited
slightly higher bite force than the hypodivergent group
(Figure 4).
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; Distribution of Bite Force measurements by groups
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Figure 4.

Analysis of masseter muscle volume measurements
based on skeletal sagittal classification revealed no
significant differences between the groups. However,
there was a significant difference among the groups
based on vertical classification. Class II subjects had
the highest masseter muscle volume measurements,
followed by Class III subjects, and Class I subjects had
the lowest measurements (Table 2). According to the
vertical classification, the masseter muscle volume was
34.12 £ 1.61 cm3 in hypodivergent subjects, 27.81 +
1.00 cm3 in normodivergent subjects, and 24.37 + 1.28
cm3 in hyperdivergent subjects (Table 3). Bite force and
masseter muscle volume measurements on the right and
left sides were related to each other. However, there was
no significant correlation between bite force and masseter
muscle volume measurements (Table 4).

Table 3: Comparison of bite force and muscle volume
measurements according to the vertical direction classification

of the subjects
Hypodivergent Normodivergent Hyperdivergent
Mean+SD Mean+SD Mean+SD
Bite Force (N)
Right side  527.69+45.79 470.81+£30.59 324.40+36.18 0.005%*
Left Side  538.09+50.70 612.52+201.91 338.91+42.26 0.032*
Mean 532.86+44.81 541.71+105.02 331.66+34.42 0.010*

Masseter Volume (cm3)

Right side 35.39+2.26  28.49+1.04  24.73+1.59 0.003*
Left Side 32.85+1.61  27.12+1.13  24.00+1.39 0.002*
Mean 34.12+1.61  27.81£1.00  24.37£1.28 0.000*
Kruskal Wallis Test

*p<0.05: Statistically significant difference

Table 4: Correlation between right and left side measurements

p Right Left  Right Left
Bite Bite masseter masseter
force force voliime  volume
Right Bite force 0.354 1 0.261 0.185 0.147
Left Bite Force  0.190 0.261 1 0.051 0.033
Right masseter -0.160 0.185  0.051 1 0.598
voliime
Left masseter ~ -0.042 0.147  0.033 0.598 1

volume

** significant correlation at the 0.01 level.

These findings suggest that there are differences in
bite force and masseter muscle volume among different
skeletal malocclusion groups, particularly in relation to
vertical classification. However, further research with
larger sample sizes is needed to provide more conclusive
evidence and to explore the relationship between skeletal
malocclusion, bite force, and masseter muscle volume in
greater detail.

Distribution of masseter muscle volume measurements
showed higher values in Class II subjects and the
hypodivergent group within the vertical classification.
This suggests that Class II subjects and those with a
hypodivergent skeletal pattern may have larger masseter
muscle volumes compared to other groups. It would
be beneficial to include the actual data or a visual
representation of for more comprehensive understanding of
the results (Figure 5).

Distribution of Muscle Volume measurements by groups
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Figure 5.

Discussion

The findings of our study regarding bite force
are consistent with previous research that suggests a
relationship between malocclusion and maximum bite
force. Specifically, we found that Class I individuals
had higher bite force compared to other groups based on
sagittal classification. In terms of vertical classification,
normodivergent and hypodivergent individuals had higher
bite forces than hyperdivergent individuals. These results
indicate that bite force can be influenced by vertical
skeletal patterns.

The association between bite force and craniofacial
morphology has been utilized as an auxiliary diagnostic
tool for identifying craniofacial disorders. Our study adds
to the existing literature by providing evidence of the
relationship between bite force and skeletal malocclusion
patterns. These findings highlight the potential utility
of bite force measurements in diagnosing and assessing
craniofacial morphology.

It is worth noting that the relationship between BMI
and bite force remains a subject of debate in the literature.
While Roldan et al. have suggested a correlation between
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BMI and bite force'?, Our study did not find a significant
relationship between BMI and sagittal groups regarding
Takaki et al.'* To minimize the potential impact of BMI
on bite force measurements, we maintained an equal
distribution of males and females within the sagittal
classification groups.

Studies clearly demonstrate that bite force is
strongest when the anterior opening is measured between
14 and 20 mm and the posterior opening is measured
between 8 and 12 mm in different populations. In terms
of methodology, our study utilized a bite block made of
silicone material that is gentle on the teeth to measure
bite force. The height of the bite block was adjusted to
create a 10 mm gap between the teeth, which aligns with
the optimal range for anterior and posterior openings
based on previous research!® 1°, Moreno et al. found that
the left side had a higher bite force when evaluating the
relationship between both sides of the jaw, but Melo et
al. stated that the right and left bite forces were consistent
with each other!”- '8, Additionally, we found consistency
between the bite forces measured on the right and left
sides, supporting the reliability of our measurements.

Previous studies have shown that malocclusion are
associated with maximum bite force'> !°. Roldan et al.
found higher bite force in Class I individuals compared to
other groups in patients classified according to a sagittal
direction'®. Regarding bite force, Proffit and Fields as
well as Proffit ef al. reported no difference in bite force
levels among children with different vertical growth
patterns®% 2!,

On the other hand, Sathyanarayana et al. found no
significant difference in bite force according to sagittal
direction groups, but they noted a significant relationship
between bite force and vertical direction groups, indicating
that bite force is higher in hypodivergent individuals
compared to hyperdivergent individuals®?. The relationship
between bite force and craniofacial morphology is used
as an auxiliary method in diagnosing disorders occur in
craniofacial morphology. Regarding masseter muscle
volume, our results did not show a significant difference
between the sagittal groups but demonstrated a significant
difference among the vertical groups.

The hypodivergent group had the highest masseter
muscle volume, followed by the normodivergent group,
and the hyperdivergent group had the lowest volume.
There was no significant relationship between bite force
and sagittal direction classification, but a higher bite force
was observed in Class I individuals compared to with
others. This suggests a relationship between masseter
muscle volume and vertical skeletal patterns, with larger
volumes observed in hypodivergent individuals.

In our study, we examined the relationship between
masseter muscle volume, bite force, and craniofacial
morphology. Kitai ef al. have shown that specific
masticatory muscle activity and volume can exert
mechanical stress on neighboring skeletal regions?.

Antonarakis et al. found a correlation between muscle
thickness and bite force, suggesting that individuals
with lower muscle thickness may exhibit lower bite
force®*. Bakke et al. and Raadsheer et al. also reported a
significant relationship between bite force magnitude and
masseter muscle thickness measured using ultrasound®
23,25 They all have found correlations between muscle
thickness/volume and bite force magnitude, suggesting
that variations in craniofacial morphology may impact
these relationships.

Our study contributes to the understanding of the
relationship between skeletal malocclusion, bite force, and
masseter muscle volume. The findings suggest that bite
force measurements can be influenced by both sagittal and
vertical skeletal patterns, while masseter muscle volume
is primarily associated with vertical skeletal patterns?®?7,
These findings highlight the potential of bite force and
masseter muscle volume as diagnostic tools for assessing
craniofacial morphology. Further research with larger
sample sizes is needed to confirm and expand upon these
findings.

However, recent technological advancements have
improved soft tissue visualization in CBCT images,
allowing for more precise measurements. Studies by
Fourie et al,. Januario et al. and Gupta et al. have
demonstrated the reliability and superiority of CBCT
in measuring soft tissues, including facial soft tissues
and masseter muscle volume. These studies have
utilized CBCT with a slice thickness of 0,3 mm and
high-resolution computer screens to enhance soft tissue
visualization and obtain more accurate measurements?3-30,

It is important to note that despite following the
recommendations of previous studies and using CBCT
with optimized settings, our study yielded different results
compared to the aforementioned studies. This discrepancy
may be attributed to various factors, including sample
characteristics, measurement techniques, and potential
confounding variables that were not accounted for in our
study.

Overall, while the relationship between masseter
muscle volume and bite force has been established in
previous research, our study’s findings may be influenced
by the limitations of CBCT in visualizing soft tissues.
Further studies with larger sample sizes and more
advanced imaging techniques are needed to provide a
clearer understanding of the relationship between masseter
muscle volume and bite force in different craniofacial
morphologies.

CBCT (Cone Beam Computed Tomography) is
indeed a promising technology for measuring masseter
muscle volume. While our study did not find a correlation
between muscle volume and bite force, it is important to
note that CBCT has shown reliability in measuring the
morphology and volume of various masticatory muscles
in previous studies. While CBCT holds potential for
measuring masseter muscle volume, our study suggests
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that there may be limitations in its ability to correlate
muscle volume with bite force accurately. Nonetheless,
3D software programs like 3D-Doctor offer valuable
tools for visualizing and measuring structures in 3D
using original DICOM data, enabling reliable volume
measurements3!. These software programs have been
utilized in studies examining masseter muscle volume.
In our study, we employed the 3D-Doctor software in
combination with CBCT data to measure the volume
of the masseter muscles, allowing for non-invasive
examination. Our findings demonstrated a positive
correlation between the volumes of the masseter muscles
on both sides, aligning with previous studies’ 3.

Comparisons between conventional cephalometric
films and those obtained from CBCT have also been
conducted. Studies by Van Vlijmen et al.*3 and Moshiri
et al3* have shown that cephalometric images obtained
from CBCT are comparable or even more reliable than
conventional cephalometric imaging methods. Lateral
cephalometric films can be created from vertical MPR
images of full thickness (130-150 mm).The ray-sum
technique used in CBCT images allows for the creation
of lateral cephalometric films without magnification
and distortion, enhancing the reliability of skeletal
measurements34 33,

It is important to recognize that skeletal
malocclusions in the craniofacial system can have a
cascading effect on surrounding tissues, leading to
functional changes and biomechanical stresses and strains.
CBCT provides valuable insights into these complex
interactions and allows for a comprehensive assessment of
craniofacial morphology and related structures.

Further research is warranted to explore the potential
applications and refine the accuracy and reliability of
CBCT in measuring masseter muscle volume, as well
as its relationship with bite force. By advancing our
understanding of these relationships, CBCT can contribute
to the diagnosis and treatment planning of craniofacial
disorders.

Conclusions

Malocclusions are prevalent and understanding
the role of the masseter muscle in detail can enhance
the success of orthodontic treatments. However, our
study, which had a small patient population, revealed
limitations in using masseter muscle volume and bite
force measurements as diagnostic tools for skeletal
sagittal classification in malocclusion. On the other
hand, significant findings between the vertical direction
groups and muscle volume and bite force suggest
that these measurements can be valuable as auxiliary
diagnostic tools for determining the vertical dimension in
malocclusion cases.

Although our study yielded results in line with
other studies regarding masseter muscle volume
measurements using CBCT, the lack of correlation with
other measurements highlights potential limitations in the
reliability of these measurements. This discrepancy may
be attributed to the limited soft tissue imaging capability
of CBCT. Future research comparing the reliability
of CBCT with other imaging modalities such as MRI,
ultrasound, and cadaveric studies for muscle volume
measurements is warranted.

Overall, further investigation is needed to refine
the use of masseter muscle volume and bite force
measurements in diagnosing malocclusion and to explore
alternative imaging techniques for accurate assessment
of muscle volume. Advancements in imaging technology
will contribute to a better understanding of the complex
relationship between muscle function and craniofacial
morphology, ultimately improving orthodontic treatment
outcomes.
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