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Introduction

The various anatomical structures of the head are inter-
related. Among these, the masticatory muscles, mandible, 
temporomandibular joint (TMJ), teeth, and soft tissues 
in the mouth have coordinated structures and functions. 
Certain factors interfering with this coordination can re-

sult in certain changes [1]. Masticatory muscles move the 
mandible to finely chew foods through the teeth occlusions. 
This muscle group includes the masseter muscle, temporalis 
muscle, and medial and lateral pterygoid muscles, which are 
important structures that affect swallowing and digestion 
[2]. The square masseter muscle is the thickest masticatory 
muscle, originates in the zygomatic arch, and inserts into the 
masseteric tuberosity of the mandible. The fan-shaped tem-
poralis muscle originates in the inferior temporal line, tem-
poral fossa, and internal aspect of the deep temporal fascia, 
and inserts into the coronoid process and anterior border of 
the mandibular ramus [3]. Each masticatory muscle elevates, 
depresses, protrudes, retrudes, or laterally translates the 
mandible according to its position and function. 

Original Article
https://doi.org/10.5115/acb.21.107
pISSN 2093-3665   eISSN 2093-3673

Corresponding author: 
Da-Hye Kim 
Department of Dental Hygiene, Division of Health Sciences, Dongseo 
University, Busan 47011, Korea
E-mail: dahye1124@dongseo.ac.kr

Association between masticatory muscle 
activity and oral conditions in young female 
college students
Cha-Young Pyo1, Tae-Hoon Kim2, Da-Hye Kim3

1Gimhae Jeil Dental Clinic, Gimhae, 2Department of Occupational Therapy, Division of Health Sciences, Dongseo University, Busan, 3Department of 
Dental Hygiene, Division of Health Sciences, Dongseo University, Busan, Korea

Abstract: The purpose of this study was to determine the characteristics of masticatory muscle activity and various oral 
condition factors, and to analyze their associations in order to improve the prevention and diagnosis of masticatory muscle-
related diseases. This study included 30 Korean females (mean age of 20 years, age range of 19–21 years). Participants were 
instructed to complete a self-written questionnaire on factors that may affect their muscle activity. Surface electromyography 
was used to measure the activity of the masseter and temporalis muscles. We also observed the buccal mucosa ridge, tongue 
indentation, tooth cracks and fractures, and mandibular tori in the oral cavity. Spearman correlation analysis and the 
nonparametric Mann–Whitney U test were applied to the data. When subjects had temporomandibular disorder, the right 
temporalis muscle exhibited significantly lower activity (P<0.05). Those who had received orthodontic treatment within the 
previous 2 years showed significantly lower activity of the left masseter muscle (P<0.05). Those who had a left buccal mucosa 
ridge exhibited lower activity of the left masseter muscle and higher activity of the right temporalis muscle compared with 
those without such a ridge (P<0.05). Participants with no tongue indentation showed significantly higher activity in the left 
masseter muscle (P<0.05). These results indicate that there are relationships between masticatory muscle activity and various 
factors related to the oral condition.

Key words: Masticatory muscles, Buccal mucosa ridge, Tongue indentation, Tooth cracks, Mandibular torus

Received May 25, 2021; Revised July 12, 2021; Accepted July 26, 2021

http://crossmark.crossref.org/dialog/?doi=10.5115/acb.21.107&domain=pdf&date_stamp=2021-12-31
https://orcid.org/0000-0002-6684-7023


Anat Cell Biol 2021;54:479-488  Cha-Young Pyo, et al480

www.acbjournal.orghttps://doi.org/10.5115/acb.21.107

Electrical activity occurs in the muscle fiber during 
masticatory muscle contraction, and the associated electri-
cal signal generated canbe recorded on electrodes using 
electromyography. Electromyography is commonly used to 
measure muscle activities of the upper and lower limbs [4]. 
In addition, electromyograms are widely used to observe 
masticatory muscle activity, with bite forces increasing in 
proportion with the activity of the masticatory muscles [5]. 
The masseter muscle, which is the most active masticatory 
muscle, becomes thicker as occlusal forces increase [6]. Ex-
cessive development of the masseter muscle creates a square 
jaw [7]. Takeuchi-Sato et al. [8] suggested that head and face 
shape are related to the activity of the masticatory muscles. 
Custodio et al. [9] suggested that the vertical type of the face 
can affect the maximum occlusal force and activity of the 
masticatory muscles. Previous studies have analyzed the re-
lationships between activity of the masticatory muscles and 
other variables based on the above phenomena. However, the 
associations between activity of the masticatory muscles and 
oral conditions such as the buccal mucosa ridge, tongue in-
dentation, tooth cracks and fractures, and mandibular torus 
have not been comprehensively analyzed.

Functional changes in the masticatory muscles can cause 
various problems. The buccal mucosa ridge is a structure 
along the position where the upper and lower teeth occlude 
on the buccal mucosa where they contact the posterior teeth. 
This is considered to occur due to mechanical stimulation 
that causes the compression and thickening of the mucosal 
epithelium [10]. It is a structure associated with bruxism and 
clenching, and it has been reported as relating to the number 
and crowding of teeth [11]. Tongue indentation, also known 
as tongue scalloping, is a structure at the edge of the tongue. 
Bruxism and clenching have also been reported to influence 
its development [12]. Mandibular torus occur in proportion 
to the number of teeth [13], and have been reported to be 
more prevalent in dentulous than edentulous patients [14]. 
Mechanical stress (occlusal force) appears to be the main 
factor in bad oral habits and temporomandibular disorder 
(TMD), which are considered factors that contribute to the 
occurrence of mandibular tori [15, 16]. Bone remodeling is 
promoted and strengthened when external force is applied 
[17], and the mandibular torus area is continuously exposed 
to occlusal stimuli and has sensitive reactions [18]. The pres-
ence of a mandibular torus makes forming a suitable inner 
surface for dentures difficult, and obtaining sufficient mar-
ginal closure from the dentures is unlikely.

In addition, excessive contraction of the masticatory 
muscles can cause problems such as cracked tooth syndrome 
or TMD, which occurs due to abnormalities in the mastica-
tory muscles [19, 20]. Cracked tooth syndrome involves the 
formation of thin cracks on the teeth due to the bite force 
between the two sets of teeth. It especially occurs when large 
fillings are present on the teeth, and can be aggravated by 
bruxism [21]. If it is left untreated, tooth fracture or inflam-
mation can occur, possibly leading to the need for tooth 
crowning or dental implants after extraction. TMD is a 
complex disease involving the TMJ, masticatory muscles, 
musculoskeletal system of the head and neck, and occlusion. 
It is one of the four main diseases of dentistry, along with 
dental caries, periodontal disease, and malocclusion [22, 23]. 
Symptoms that may appear include pain in the TMJ and re-
lated muscles, articular sounds during mandible movements, 
and restricted range of motion [24]. Pain and functional 
problems in TMD patients are associated not only with ab-
normalities in the joints themselves, but also with excessive 
activity of the masticatory muscles. Systematic research on 
the masticatory muscles is needed to improve the quality of 
life for affected individuals and to reduce the medical costs 
of these diseases. The purpose of this study was therefore to 
determine the characteristics of masticatory muscle activ-
ity and various factors related to the oral condition, and to 
analyze their association and provide basic data with the aim 
of improving the prevention and diagnosis of masticatory 
muscle-related diseases.

Materials and Methods

This study included 30 Korean females (mean age of 20 
years, age range of 19–21 years). Approval for this study was 
obtained from the Institutional Review Board of Dongseo 
University (No. 1041493-A-2020-011). We explained the 
anatomical structure of the masticatory muscles, basic prin-
ciples of surface electromyograms, and our experimental 
procedures to those who agreed to participate. After this 
briefing session, the final subjects selected were those who 
volunteered to participate in the study. Before measuring 
the surface electromyogram, participants were instructed to 
complete a self-written questionnaire on factors (e.g., TMD, 
oral parafunctions, and food habits) that may affect their 
muscle activity. We then examined their dentition, and only 
included participants with healthy dentition. 

A surface electromyogram device (2EM-4D-MT; ReLive, 
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Gimhae, Korea) was used to measure the masseter and tem-
poralis muscles (Fig. 1). Two Ag/AgCl electrodes (Monitoring 
Electrode; 3M, Seoul, Korea) (diameter, 11.4 mm; electrode 
frame diameter, 20 mm) were placed on each muscle paral-
lel to the direction of the muscle fibers, with the electrode 
centers separated by 2 cm. ReLive 4D-MT software (version 
3.3) was used to bandpass filter the signals between 25 and 
500 Hz, with a notch filter also applied to reduce power-
line interference. Resting-state muscle activity, which was 
defined as reference voluntary contraction (RVC), was 
measured with the mandible in a resting position with the 
shoulders and waist straightened, lips lightly closed, and the 
tip of the tongue contacting the incisive papilla. Participants 
were instructed not to speak or swallow during this time. To 
measure the muscle activity during maximal biting, subjects 
were instructed to bite strongly in the centric occlusal posi-
tion with the mouth closed. The examiner placed one hand 
on the subject’s head and the other holding the subject’s chin 
while applying a downward force to help measure muscle ac-
tivity (Fig. 2). Normalized values of electromyogram signals 
were calculated by dividing the value of the maximal bite 
force by the value in the resting state for the same muscle, 
which we defined as percentage of RVC (%RVC). Muscle 
activity was measured during the resting state and maximal 
biting three times for 5 seconds during each trial. The values 
for the middle 3 seconds were used. 

In addition to surface electromyogram, we also observed 
the presence of the buccal mucosa ridge, tongue indentation, 
tooth cracks and fractures, and mandibular torus in the oral 
cavity. If a buccal mucosa ridge and tongue indentation were 
identified, the case was classified based on length in the mo-
lar region, extended to the premolar region, or throughout 
the buccal mucosa and the side of the tongue. Qraycam (Aio-
bio, Seoul, Korea) and Qraypen C (Aiobio) diagnostic equip-
ment based on quantitative light-induced fluorescence were 
used to identify tooth cracks. The shape of the mandibular 

torus was first classified as bulging or lobulated, with the 
bulging shape being subdivided into a wide or narrow type 
according to the length of the base of the mandibular torus 
to the sum of the mesiodistal lengths of the mandibular first 
and second premolar. The lobulated shape was subdivided 
based on the number of lobules into single, double, and mul-
tiple types [25]. Next, a diagnostic model was produced to 
analyze the details of the mandibular torus structure, with 
the length and height measured using a digital caliper (Abso-
lute Digimatic No. CD-20CPX; Mitutoyo, Kawasaki, Japan). 
All statistical analyses were conductedusing the software 
package SPSS (version 24.0; IBM Corp., Armonk, NY, USA). 
After testing for the normality of the activity values of the 
masseter and temporalis muscles, we further analyzed these 
values using Spearman’s correlation coefficient and the non-
parametric Mann–Whitney U test. Statistical significance 
was considered to be present at P<0.05.

Fig. 2. Measurements of muscle activity during maximal biting.

A B

Fig. 1. (A) Surface electromyography 
equipment. (B) ReLive 4D-MT soft-
ware (version 3.3).
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Results

General characteristics 
Ten participants (33.3%) experienced TMD and seven 

(23.3%) experienced oral parafunction (bruxism or clench-
ing), with mean durations of 1.2 and 0.9 years, respectively. 
Regarding eating habits, 18 (60.0%) answered ‘neutral’ for 
preferring hard and chewy food, and 14 (46.7%) chewed to 

the right while eating. Ten subjects (33.3%) had received 
orthodontic treatment (Table 1).

Activity of the masseter and temporalis muscles, and 
oral conditions

The %RVC values of the masticatory muscles were 
10.39±4.31 (mean±SD), 7.11±4.97, 4.57±3.02, and 2.83±1.34 
in the left masseter, left temporalis, right temporalis, and 
right masseter, respectively. A buccal mucosa ridge was ob-
served in approximately half of all subjects, with 15 (50.0%) 
and 14 (46.7%) on the left and right, respectively, and on the 

Table 1. General characteristics of the subjects
Classification Item No. (%)

TMD Presence 10 (33.3)
Absence 20 (66.7)

TMD symptoms (n=10)
   Pain in TMJ or muscles Presence 3 (30.0)

Absence 7 (70.0)
   Articular sound during mandible movement Presence 9 (90.0)

Absence 1 (10.0)
   Limit of mandible movement Presence 4 (40.0)

Absence 6 (60.0)
Oral parafunctions Presence 7 (23.3)

Absence 23 (76.7)
Oral parafunctions sequela (headache or muscle fatigue) (n=7) Presence 3 (42.9)

Absence 4 (57.1)
Preference for hard and chewy food Never 1 (3.3)

Rarely 5 (16.7)
Neutral 18 (60.0)
Sometimes 6 (20.0)
Always -

Direction when eating Left 7 (23.3)
Right 14 (46.7)
Both 9 (30.0)

Orthodontic treatment within the previous 2 years Yes 10 (33.3)
No 20 (66.7)

TMD, temporomandibular disorder; TMJ, temporomandibular joint.

Table 2. Buccal mucosa ridge and tongue indentation shape 
Classification No. (%)

Length of the left buccal mucosa ridge (n=15)
   Short 12 (80.0)
   Medium 1 (6.7)
   Long 2 (13.3)
Length of the right buccal mucosa ridge (n=14)
   Short 11 (78.6)
   Medium 1 (7.1)
   Long 2 (14.3)
Length of the left tongue indentation (n=4)
   Short -
   Medium 1 (25.0)
   Long 3 (75.0)
Length of the right tongue indentation (n=4)
   Short -
   Medium 1 (25.0)
   Long 3 (75.0)

A B

Fig. 3. Buccal mucosa ridge and tongue indentation (arrows). (A) 
Short-shape buccal mucosa ridge. (B) Long-shape tongue indentation. 
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left (n=12, 80.0%) and right (n=11, 78.6%) of the molar area 
only, which were the highest frequencies. Tongue indentation 
was observed in four subjects (13.3%) on both sides, with 
three of them (75.0%) having a long indentation along the 
side of the tongue (Table 2, Fig. 3). Tooth cracks and fractures 
were observed at 26 sites among 15 participants (50.0%). Of 
the total sites, 15 sites (57.7%) and 11 sites (42.3%) were ob-
served on the left and right sides, respectively. Furthermore, 
17 of these sites (65.3%) were observed in the mandibular 
first molar. Mandibular tori were observed in 17 (56.7%) and 
18 (60.0%) subjects on the left and right sides, respectively. A 
narrow bulging shape of the mandibular torus was the most 

common, with eight (47.1%) and nine (50.0%) cases on the 
left and right sides, respectively (Table 3, Fig. 4).

Correlations among duration of TMD, duration of 
oral parafunctions, size of the mandibular torus, and 
activity of the masseter and temporalis muscles

The length of the left mandibular torus showed strong 
positive correlations with the length of the right mandibular 
torus and the heights of the left and right mandibular torus 
(P<0.01). Significant positive correlations were also found 
between the length of the right mandibular torus, the heights 
of the left and right mandibular torus, the activity of the 

Table 3. Mandibular torus shape
Classification Item No. Value

Mandibular torus length (mm) Left 17 7.58±7.18
Right 18 8.86±8.04

Mandibular torus height (mm) Left 17 2.01±2.04
Right 18 2.59±2.34

Left mandibular torus shape (n=17) Wide bulging 4 23.5
Narrow bulging 8 47.1
Single lobulation - -
Double lobulation 5 29.4
Multiple lobulations - -

Right mandibular torus shape (n=18) Wide bulging 4 22.2
Narrow bulging 9 50.0
Single lobulation 2 11.1
Double lobulation 1 5.6
Multiple lobulations 2 11.1

Values are presented as mean±SD or %.

A B C

D E

Fig. 4. Mandibular torus shape. (A) Wide bulging. (B) Narrow bulging. (C) Single lobulation. (D) Double lobulation. (E) Multiple lobulations.
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left masseter muscle, and the activity of the left temporalis 
muscle (P<0.05). The height of the left mandibular torus had 
a strong positive correlation with that of the right mandibu-
lar torus (P<0.01), and the height of the right mandibular 
torus had a significant correlation with the activity of the left 
masseter muscle (P<0.05). Among the masticatory muscles, 
significant correlations were found between the activities of 
the left and right masseter muscles (P<0.01), the right masse-
ter muscle and both temporalis muscles (P<0.01), and the left 
and right temporalis muscles (P<0.05; Table 4).

Comparison of the activity of the masseter and 
temporalis muscles according to the oral conditions 

The activity of the right temporalis muscle was higher in 
those without TMD than in those with this disorder (P<0.05). 
There were differences in the activity of the left tempora-
lis muscle in those with TMD who experienced restricted 
movement of the mandible (P<0.05). The activity of the left 
masseter muscle was significantly higher in those who had 
not received orthodontic treatment (P<0.05; Table 5). The 
group who did not have left buccal mucosa ridges exhibited 
more activity in the left masseter and less activity in the right 
temporalis muscle (P<0.05). The activity of the left masseter 
muscle was significantly higher in those with no tongue in-
dentation (P<0.05; Table 6).

Discussion

The aim of this study was to obtain data for use in the 
dental field, which was achieved by analyzing masticatory 
muscle activity and oral conditions, and determining the 
relationships between these factors. Our study indicated that 
the muscle activity of the masticatory muscles was highest in 
the left masseter, followed by the left temporalis, right tem-
poralis, and right masseter. The results of previous studies on 
the activity of the temporalis and masseter muscles are in-
consistent [26]. The activity of the masticatory muscles may 
be inconsistent depending on the electromyogram electrode 
shape, age, or physical condition [27]. Bilateral observations 
were made for most of the buccal mucosa ridges, tongue in-
dentations, and mandibular tori. Regardless of masticatory 
muscle activity, a short buccal mucosa ridge in the molar re-
gion, a long tongue indentation, and mandibular tori with a 
narrow bulging shape were the most common. Tooth cracks 
were often found in the mandibular first molar region. It can 
be predicted that this is because the mandibular first molar 
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Table 5. Comparison of masseter and temporalis muscle activity according to TMD and related symptoms, oral parafunctions and related symptoms, and 
orthodontic treatment 

Item
Masseter (%RVC) Temporalis (%RVC)

Left Right Left Right
Median Z P Median Z P Median Z P Median Z P

TMD
   Presence (n=10) 16.10 –0.264 0.792 12.50 –1.320 0.187 13.70 –0.792 0.428 11.00 –1.980 0.048*
   Absence (n=20) 15.20 17.00 16.40 17.75
TMD symptoms
   Pain of TMJ or muscles
     Presence (n=3) 14.67 –0.173 0.863 7.00 –1.763 0.078 8.00 –1.555 0.120 11.00 –0.933 0.351
     Absence (n=27) 15.59 16.44 16.33 16.00
   Articular sound during mandible movement
     Presence (n=9) 17.11 –0.656 0.512 13.00 –1.018 0.309 13.33 –0.882 0.378 11.11 –1.788 0.074
     Absence (n=21) 14.81 16.57 16.43 17.38
   Limit of mandible movement
      Presence (n=4) 13.75 –0.427 0.669 8.25 –1.769 0.077 6.50 –2.196 0.028* 11.75 –0.915 0.360
      Absence (n=26) 15.77 16.62 16.88 16.08
Oral parafunctions
   Presence (n=7) 12.86 –0.907 0.364 16.71 –0.417 0.677 15.14 –0.123 0.902 17.43 –0.662 0.508
   Absence (n=23) 16.30 15.13 15.61 14.91
Oral parafunctions sequela
   Presence (n=3) 13.67 –0.380 0.704 9.33 –1.279 0.201 10.33 –1.072 0.284 9.00 –1.348 0.178
   Absence (n=27) 15.70 16.19 16.07 16.22
Orthodontic treatment
   Presence (n=10) 9.90 –2.464 0.014* 14.70 –0.352 0.725 16.40 –0.396 0.692 16.20 –0.308 0.758
   Absence (n=20) 18.3 15.90 15.05 15.15
TMD, temporomandibular disorder; TMJ, temporomandibular joint; RVC, reference voluntary contraction. Statistically significant (*P<0.05).

Table 6. Comparison of masseter and temporalis muscle activity according to the buccal mucosa ridge, tongue indentation, tooth cracks and fractures, and 
mandibular torus

 Item
Masseter (%RVC) Temporalis (%RVC)

Left Right Left Right
Median Z P Median Z P Median Z P Median Z P

Buccal mucosa ridge
   Left
      Presence (n=15) 12.27 –2.012 0.044* 15.20 –0.187 0.852 15.27 –0.145 0.885 19.00 –2.178 0.029*
      Absence (n=15) 18.73 15.80 15.73 12.00
   Right
      Presence (n=14) 13.00 –1.455 0.146 15.21 –0.166 0.868 14.36 –0.665 0.506 18.36 –1.663 0.096
      Absence (n=16) 17.69 15.75 16.50 13.00
Tongue indentation
   Left
      Presence (n=4) 6.50 –2.196 0.028* 12.25 –0.793 0.428 11.00 –1.098 0.272 14.00 –0.366 0.714
      Absence (n=26) 16.88 16.00 16.19 15.73
   Right
      Presence (n=4) 6.50 –2.196 0.028* 12.25 –0.793 0.428 11.00 –1.098 0.272 14.00 –0.366 0.714
      Absence (n=26) 16.88 16.00 16.19 15.73
Tooth cracks and fractures
   Presence (n=15) 17.13 –1.016 0.310 17.00 –0.933 0.351 16.60 –0.684 0.494 15.80 –0.187 0.852
   Absence (n=15) 13.87 14.00 14.40 15.20
Mandibular torus
   Left
      Presence (n=17) 16.41 –0.649 0.517 17.24 –1.235 0.217 16.53 –0.732 0.464 14.35 –0.816 0.414
      Absence (n=13) 14.31 13.23 14.15 17.00
   Right
      Presence (n=18) 17.56 –1.566 0.117 16.89 –1.058 0.290 18.06 –1.947 0.051 14.56 –0.720 0.472
      Absence (n=12) 12.42 13.42 11.67 16.92
RVC, reference voluntary contraction. Statistically significant (*P<0.05).
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erupts at an early stage, and a problem such as dental caries 
increase the probability of restorative and prosthetic treat-
ment. Furthermore, a relatively large force is applied to the 
corresponding tooth. However, to validate this conclusion it 
is still necessary to measure the occlusal force of each tooth 
area and perform additional investigations into the presence 
and type of restorations or prostheses.

In our study the average activity of the masticatory 
muscles was relatively low for those with TMD. In particu-
lar, when mandible movements were restricted, the average 
difference in the activity of the left temporalis muscle was 
larger. We observed that the activity of the left masseter 
muscle differed significantly according to whether or not 
orthodontic treatment had been performed within the previ-
ous 2 years. Our results also indicated a significant differ-
ence between the activities of the left masseter and the right 
temporalis muscles according to the presence or absence of 
a left buccal mucosa ridge: when this condition was present, 
the activity of the left masseter muscle was relatively low, and 
that of the right temporalis muscle was higher. We can infer 
that the activity of the agonist masticatory muscles decreased 
due to excessive activity over a long period. 

The momentary force generated by a muscle increases 
when the muscle is properly rested [28]. Subjects who con-
stantly chew the buccal mucosa or who eat over long periods 
develop buccal mucosa ridges, and they tend to exhibit lower 
activity in the masticatory muscles than those who do not 
have these ridges. In a previous study, after measuring the 
differences in pressure applied to the buccal mucosa surface 
of the posterior teeth area according to the presence or ab-
sence of the ridge, it was suggested that the pressure during 
biting and swallowing was significantly higher in the group 
with buccal mucosa ridges [29]. A study that analyzed the 
differences in pressure applied to the buccal mucosa and the 
lip mucosa in subjects with normal occlusion and malocclu-
sion found that in the case of malocclusion, the pressure ap-
plied to the buccal mucosa also assists in inducing the forma-
tion of a buccal mucosa ridge [30]. It was also reported that 
appropriate positioning of the maxilla and mandible—rather 
than the number of teeth contacted during occlusion—is the 
most important factor for generating normal muscle activity 
during maximal biting [31]. To more accurately compare our 
results with previous studies, it is necessary to determine the 
presence and classification of malocclusion and also make 
pressure measurements of the buccal mucosa. 

Previous studies on tongue indentation have indicated 

that the pressure exerted by the teeth on the surface of the 
tongue while resting, clenching, or swallowing does not in-
duce tongue indentation. They also suggested that the resting 
width of the tongue plays an important role [30, 32]. In our 
study there were few cases of tongue indentation, but when it 
was present the activity of all masticatory muscles including 
the left masseter muscle was low. There was no difference in 
masticatory muscle activity based on the presence or absence 
of tooth cracks and fractures. We further found a correlation 
between the size of the right mandibular torus and the activ-
ity of the left masticatory muscles, whereas no significant 
difference was found in the activity of the masticatory mus-
cles based on the presence or absence of a mandibular torus. 

Our results cannot be generalized since the study was con-
ducted on individuals in specific sex and age groups. There 
is a need to conduct an experiment with a large number of 
participants with more diverse characteristics. However, this 
study is valuable because it selected the number of subjects, 
sex, and age based on the results of relevant previous stud-
ies. One previous study analyzed the difference between 
masticatory muscle activity and bite force according to head 
posture and clenching level analyzed in 24 subjects [33]. An-
other study analyzed the relationship between craniofacial 
morphology and masticatory muscle activity in 40 partici-
pants [7], while the optimal signal bandwidth for recording 
the superficial electromyogram activities of the facial, jaw, 
oral, and neck muscles has been analyzed in 24 subjects [34]. 
Takagi and Sakurai [29] analyzed the factors related to the 
formation of the buccal mucosa ridge in 21 subjects. There-
fore, the number of subjects in the present study was close to 
the average in previous studies.

Schmid-Schwap et al. [35] reported that females com-
plained of TMD four times more often than did males, and 
that bruxism was more common in females. Many previous 
studies have obtained meaningful results from experiments 
only involving females, with most of these studies analyzing 
the associations between TMD, bruxism, and masticatory 
muscle activity under various conditions [36-40]. Other 
studies found that TMD symptoms and mandibular tori 
were much more common in young adults [41, 42]. There-
fore, young female adults were selected as the subjects in 
the present study. If a comprehensive study is conducted by 
adding other factors related to oral conditions such as oc-
clusal force and intraoral pressure, the relationship between 
masticatory muscle activity and oral conditions could be 
more clearly confirmed. The results of this study can provide 
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basic data for improving the ability to prevent and diagnose 
diseases related to the masticatory muscles.
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