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Abstract

BACKGROUND

Bruxism is a rhythmic masticatory muscle activity that occurs involuntarily in a
non-physiologically functional state. There is a lack of research classifying the
functional status of masticatory muscles in patients with different mandibular
movement types (centric clenching or eccentric grinding) of bruxism.

AIM

To assess the differences of the masticatory muscle activity in patients with
different types of bruxism.

METHODS

A total of 21 subjects with centric bruxism (CB) and 21 subjects with eccentric
bruxism (ECB) were screened from college students according to a questionnaire
and their tooth wear features. Sixteen subjects with no bruxism were also
recruited. The surface electromyography (EMG) signals of the temporalis anterior
(TA) and superficial masseter muscle (MM) were measured in different
mandibular positions and during the chewing task. The EMG amplitude and
chewing cycle duration parameters were then analyzed.

RESULTS

The CB group showed fewer muscle maximal motor units, with the MM being
more pronounced, a higher proportion of muscle contractions to be recruited for
the same load of chewing activity, and a longer chewing cycle. The ECB group
showed more TA maximal motor units and higher MM activity on the non-
working side in unilateral chewing.

CONCLUSION
CB mainly affects the MM, and patients with CB show reduced masticatory

Bainnidenge WICC | https://www.wjgnet.com 6876 July 16,2022 | Volume10 | Issue20 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i20.6876
mailto:yanying2@mail.sysu.edu.cn

Jaishideng®

Lan KW et al. Electromyographic study of bruxism

muscle contraction efficiency and chewing cycle efficiency. ECB mainly affects the TA, and
patients with ECB show enhanced contraction of non-functional lateral muscle bundles.

Key Words: Bruxism; Electromyography; Masticatory muscles; Mastication; Tooth wear; Classification

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Bruxism can be divided into types by the nature of the mandibular movement: Centric bruxism is
dominated by centric clenching movements and eccentric bruxism by eccentric grinding movements. This
study found that eccentric bruxism mainly involved the temporalis anterior on the working side and the
masseter muscle on the non-working side, with the temporalis anterior predominating, and the patients
showed enhanced contraction of non-functional lateral muscles; centric bruxism mainly involved the
temporalis anterior and the masseter muscle bilaterally, of which the masseter muscle was predominant,
and the patients showed reduced masticatory muscle contraction efficiency and chewing cycle efficiency.
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INTRODUCTION

Bruxism is a rhythmic masticatory muscle activity that occurs involuntarily in a non-physiologically
functional state, causing rhythmic, intermittent teeth grinding or clenching[1]. According to the type of
mandibular movement, bruxism can be divided into centric bruxism (CB), which is dominated by
centric clenching movements, and eccentric bruxism (ECB), which is dominated by eccentric grinding
movements[2]. Patients with CB can experience it both while they are awake and while they are asleep,
but those with ECB experience one or the other but never both.

Tooth wear is an important sign of bruxism. Patients with different types of bruxism have different
tooth contact patterns. The resulting different tooth wear characteristics can be used as a basis for the
diagnostic classification of bruxism[3]. CB shows tooth wear in the corresponding tooth contact areas
during intercuspal position and ECB reflects tooth wear in the corresponding tooth contact areas during
eccentric movement of the mandible. Okura et al[4] found that tooth grinding in bruxism patients may
lead to severe wear of the canine, and that there is a close relationship between mandibular movements,
masticatory electromyographic activity patterns, and tooth wear. Tooth clenching may also lead to
crown deformation and minor movement with small localized wear surfaces in the cusp-fossa contact
region[5].

Previous works did not distinguish between types of mandibular movement in bruxism, which has
made it impossible to develop suitable treatments for different types of bruxism[1]. The pattern of
mandibular movement is directly related to the temporalis anterior (TA) and masseter muscle (MM). TA
muscle fibers start from the temporal fossa and end vertically downward at the coronal eminence, and
their main role is to lift the mandible upward, maintain the stability of the mandibular postural position,
and control mandibular movements in the lateral plane[6,7]. MM superficial muscle fibers start from the
maxillary eminence and zygomatic arch and end posteriorly downward at the mandibular angle, and
their main role is to make the mandible move forward and upward. The lateral grinding movement is
dominated by the contraction of the working side TA and the non-working side MM, but the TA is more
active[7]. Bilateral TA and MM play a role in lifting the jaw upward during clenching, but the MM is the
primary muscle that generates the occlusal force[8]. We hypothesized that ECB may affect non-axial
muscle fibers, such as the temporalis, while CB may affect axial muscle fibers (masseter muscle).

Masticatory muscle contraction is accompanied by myocyte bioelectric activity. Electromyography is
commonly used to evaluate muscle fiber action potential activity. It helps researchers analyze
neuromuscular activation patterns, evaluate the functional state of the muscle, and monitor changes in
the muscle patterns of the stomatognathic system[9,10]. The electromyographic amplitude is positively
correlated with the number of motor units recruited by muscle contraction and with the motor unit
firing rate[10]. The contractile activity of the TA and MM is closely related to masticatory function.
Surface electromyography (sEMG) of the TA and MM can be used to assess the masticatory muscle
function status[11].

The aim of this study was to investigate the effect of early bruxism on masticatory muscle function by
analyzing the characteristics of TA and MM contraction electromyographic signals during different
mandibular positions and chewing activities in young adult patients with different types of bruxism,
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and to provide a physiological basis for the diagnostic classification and the selection of appropriate
treatment options for early bruxism patients with different types of mandibular movements.

MATERIALS AND METHODS

Subjects and food samples

Subjects: The inclusion criteria for bruxism in this study were as follows: (1) Being informed by others
of the presence of bruxism (teeth grinding or clenching) within the last 6 mo; and (2) One or more of the
following symptoms or signs: Abnormal tooth wear, masticatory muscle fatigue, or pain on rising in the
morning. A total of 158 students from Sun Yat-sen University who self-reported the presence of bruxism
were screened and divided into CB and ECB groups based on tooth wear characteristics. In addition,
non-bruxism subjects were recruited as a non-bruxism group (NB). The grouping criteria were as
follows: Subjects who showed teeth wear associated with the contact area between the lower anterior
teeth and the lingual surface of the upper anterior teeth, and/or the wear of the support cusp of the
posterior teeth and the "cup"-shaped wear surface at the central fossa were included in the CB group
(Figure 1A); those who had horizontal tooth wear associated with the canine and the guide cusp of the
posterior teeth were included in the ECB group (Figure 1B); and subjects who did not have self-reported
or clinical signs/symptoms associated with bruxism were included in the NB group.

The exclusion criteria for all of the subjects were as follows: (1) History of systemic disease; (2)
Anxiety or long-term use of psychotropic medication; (3) Obstructive sleep apnea hypoventilation
syndrome; (4) Abnormal maxillofacial skeletal morphology, severe malocclusion, and history of
orthodontics; (5) Temporomandibular joint related disorders; (6) Active caries, periodontal disease, and
oral mucosal disease; (7) History of occlusal splint treatment, maxillofacial trauma or surgery, or
prosthetic treatment within the last 6 mo; (8) More than two missing teeth (except the third molar); (9)
The presence of other non-bruxism factors that may lead to tooth defects; (10) Unilateral chewing habit;
and (11) Some chewing habits that may affect the masticatory muscles (e.g., habitual gum chewing).

A total of 42 subjects (21 females) with bruxism were finally included. These included 21 subjects (15
females) in the CB group with a mean age of 22.86 + 1.98 years and 21 subjects (6 females) in the ECB
group with a mean age of 21.29 + 1.90 years. A total of 16 subjects (5 females) were recruited in the NB
group with a mean age of 21.94 + 2.41 years. None of the subjects had teeth that exceeded grade 2 with
respect to tooth wear as classified in the Tooth Wear Evaluation System 2.0[12].

Food samples: Food samples were selected from commercial products of gelatinous candy and
almonds. Samples of similar shape, volume, and weight were selected. The candies were cylindrical in
shape, each with a volume of 1.5 cm® and weight of 2 g. The almonds had a volume of 1 cm® and weight
of 1 g each.

SEMG test method

sEMG system operation protocol: The BioEMG III system (Bioresearch Associates, Inc., Milwaukee, WI,
United States) was used for the sEMG testing. When the subject clenches, the most obvious muscle
contraction on the skin will be found by palpation as the TA and MM electrode localization points.
Electrodes were applied to the point parallel to the direction of the muscle fiber alignment[13], while the
reference electrode was applied to the skin surface of the spinous process of the seventh cervical
vertebra. Bilateral TA and MM sEMG signals were recorded at a sampling rate of 1000 Hz as the subject
completed the assigned movements.

Subject movement requirements: All tests were completed during the same period during the day.
Subjects were tested in the same quiet room. The subject was asked to remain in a seated position with
the head upright and the Frankfurt plane parallel to the ground. Subjects were instructed to practice
until they mastered the specified movements, and then completed the following procedures:

Mandibular postural position (MPP): The subject relaxed the jaw without any mandibular movement
or occlusion.

Intercuspal position maximal voluntary clenching (ICP-MVC): The subject rapidly clenched from
MPP to ICP, maintained the maximal clenching for 5 s, and then relaxed to MPP. The subject was
allowed to rest for 3 min before repeating the clenching again, for a total of three repetitions.

Free chewing preparation: Subjects were given candy/almonds to chew freely to familiarize them
with the chewing process and food texture, and they were asked to chew freely for at least 20 s (> 21
cycles) at the frequency that they were habituated to without recording EMG data.

Free chewing: Two trials, one with candy and one with almond, were conducted. Subjects were given
one candy or almond to chew freely and were asked not to swallow it until the experimenter told them
to stop chewing. This chewing task was repeated five times (one candy/almond for each chewing task),
and EMG data were recorded with 3-min interval between each chewing task and 5-min interval
between each trial (i.e., each type of food).
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Figure 1 Tooth wear characteristics of patients with different types of bruxism. A: "Cup"-shaped tooth wear in the central fossa of the posterior teeth
in a patient with centric bruxism; B: Horizontal tooth wear associated with the canine and guide cusps of the posterior teeth in a patient with eccentric bruxism. White
arrows indicate sites of wear.

Unilateral chewing preparation: Subjects were given candy/almonds to chew unilaterally on the left
and right side for at least 20 s (> 21 chews) at the frequency they were habituated to without recording
EMG data.

Unilateral chewing: Subjects were given one candy/almond to repeat the unilateral chewing
preparation process three times on each side with 3 min intervals, and the EMG data was recorded with
5 min intervals for each chewing side and type of food. Subjects were asked not to swallow food, like in
the free chewing task.

Data analysis
The analysis of the experimental data was done by one experimenter. To avoid bias, the experimenter
analyzed the data without knowing the inclusion group of the subjects.

EMG data: The mean EMG values (4 s) of the bilateral TA and MM of the MPP and ICP-MVC were
analyzed. The normalized muscle activity ratio (NMA ratio) of the MPP for each muscle was calculated
as (EMG recorded during MPP/EMG recorded during ICP-MVC)%. The mean EMG value of the ICP-
MVC was used as a reference value to calculate the percentage of the MPP EMG amplitude against the
reference value[6].

Referring to the analysis of masticatory EMG by Benjamin et al[14], a chewing cycle was manually
marked between the onset of the chewing potential pulse and the next pulse. The first chewing cycle
duration was analyzed individually, and then every five chewing cycles in the following 20 chews were
defined as one STEP. A total of five chewing stages (the first chewing cycle and four STEPs) are
included in a chewing task. The average duration of each stage, as well as the total duration of four
STEPs, was analyzed. This analysis method was applied to all the chewing tasks in this study.

The studies of Martinez-Gomis et al[15] and Fuentes et al[6] were referred to for the judgment of the
chewing preferred side (PS). Subjects were asked to recall their chewing PS and then required to eat five
candies/almonds (one piece/one chewing for a total of five chewing tasks) freely. During each chewing,
after excluding the first chewing cycle, the side on which the subject chewed more than 10 times out of
the following 20 chews was selected as the chewing PS. In the five chewing tasks, the side that was
selected (left/right) more than two times was the chewing PS of this food (candy/almond) in the
subject. If the PS that the subject recalled was different from the one observed in free chewing, the latter
result prevailed.

For the EMG recordings (16 s) of the unilateral chewing task, the root-mean-square (RMS) values of
the EMG amplitudes of the bilateral TA and MM were evaluated with a mean value of 50 ms[16,17]. In
unilateral chewing, the side of chewing is the working side (WS) and the side without chewing is the
non-working side (NWS). The RMS values of EMG amplitudes for each muscle in each unilateral
chewing task were normalized according to the following formula[17]:

Normal muscle activity (NMA) ratio = (RMS values of EMG during each chewing task/EMG
recorded during ICP-MVC)%.

The ICP activity index (ICP Ac) was calculated using the bilateral EMG values in the ICP MVCJ[18].
The relevant formula is as follows:

ICP Ac = (left MM + right MM - left TA - right TA)/(left TA + right TA + left MM + right MM) x
100%.

Guieidenge WICC | https://www.wjgnet.com 6879 July 16,2022 | Volume10 | Issue20 |



Lan KW et al. Electromyographic study of bruxism

Jaishideng®

Statistical analysis

The EMG amplitude of ICP-MVC was used as the main indicator. The sample size was determined
using the sample size estimation formula of the multiple-sample one-way ANOVA design with a
statistical power of 80%.

Statistical analyses were performed using the statistical software SPSS (version 25.0, IBM, United
States), and data are described the mean * standard deviation. The significance level (o) was set at 0.05.
The Shapiro-Wilk test for normality and the Levene test for homogeneity of variance were applied.

ANOVA with a factorial design (three groups and two genders) was used for indicators that were
normally distributed, and if the interaction effects were not significant, the primary effects of the
different groups were tested and further compared using the Fisher's least significant difference (for
homogeneity of variance) or the Bonferroni test (for heterogeneity of variance). If the interaction effects
were significant, the individual effects of each group were compared under the same gender (unless
otherwise specified in the results section, and the interaction effects were insignificant by default). The
Kruskal-Wallis test was used to test for differences between groups for indicators that did not have
normal distributions.

A paired-samples t-test was used to compare the difference between the mean duration of the first
chewing cycle and the subsequent total 20 cycles within the same group.

The mean chewing cycle duration at each chewing stage was statistically tested using three-way
repeated measures ANOVA (three groups, two genders, and five stages). If the Mauchly's sphericity test
was significant, the Greenhouse-Geisser correction was applied.

RESULTS
Comparison of muscle activity in the MPP and the ICP MVC

In the MPP, there was no significant difference in the average EMG amplitude between the groups (P >
0.05). In the ICP MVC, the average EMG amplitudes in the CB group (TA: 94.15 + 44.13 nV; MM: 107.27
* 64.83 nV) were significantly lower than those in the NB group (TA: 141.98 + 58.48 nV; MM: 218.32 +
81.41 pV) and ECB group (TA: 153.65 + 44.19 nV; MM: 215.21 + 80.05 pV) (P < 0.05) (Figure 2A).

The TA NMA ratio of MPP in the ECB group (0.74 £ 0.26%) was significantly lower than that in the
NB group (1.25 £ 0.75%) and CB group (1.35 £ 0.68%) (P < 0.05), while the MM NMA ratio of MPP in the
CB group (1.42 + 0.91%) was significantly higher than that in the NB group (0.67 + 0.31%) and ECB
group (0.61 + 0.29%) (P < 0.05) (Figure 2B).

The interaction effect of group and gender on the ICP Ac was statistically significant (Figure 2C). The
Ac of the CB group was significantly lower than that of the NB group in females (P < 0.05), while there
was no significant difference between all groups in males (P > 0.05).

Comparison of the average duration of chewing cycles

In all of the chewing tests (Figure 3A-C), the duration of the first chewing cycle was significantly longer
than that of the subsequent total 20 chewing cycles (P < 0.05). In the free-chewing candies test, the
duration of the first chewing cycle was significantly longer in the CB and ECB groups than in the NB
group (P < 0.05) (Figure 3A). In the unilateral chewing candies test, the duration of the chewing cycle
was significantly longer in the CB group than in the ECB and NB groups (P < 0.05) (Figure 3B). In the PS
unilateral chewing almond test, the duration of the first chewing cycle was significantly longer in the CB
group than in the ECB and NB groups (P < 0.05) (Figure 3C).

Statistical tests of the duration of the chewing cycle at each stage of the chewing process showed that
the three-factor interaction effect and the two-factor interaction effect were not statistically significant.
There was a significant difference in the duration of the chewing cycle at different stages of chewing (P
< 0.05), but there was no significant difference between the different groups (P > 0.05) (Figure 3D-I).

Comparison of the muscle activity during unilateral chewing

The root mean square values of MM and TA EMG amplitudes in the CB group were always
significantly lower than those in the ECB and NB groups (P < 0.05). During PS chewing, the root mean
square values of MM EMG amplitude on the NWS in the ECB group was always higher than that in the
NB group (P < 0.05). The effect of the interaction effect between the group and gender on the root mean
square values of NWS TA EMG amplitude during NPS chewing almond was statistically significant, but
there was no significant difference between the groups under the same gender (P > 0.05) (Figure 4).

The NMA ratio of the WS TA in the CB group was always significantly higher than that in the ECB
and NB groups (P < 0.05). The NMA ratio of the NWS MM in the CB group was significantly higher
than that in the NB group (P < 0.05) (Figure 5A-D). The effect of the interaction between the group and
gender on the NMA ratio of the WS MM in NPS chewing almond was statistically significant, and the
NMA ratio in the CB group was significantly higher than that in the NB and ECB groups in females (P <
0.05), while there was no significant difference between all groups in males (P > 0.05) (Figure 5E).
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Figure 2 Comparison of the electromyography activity (mean * SD) of the temporalis anterior and masseter muscle in the mandibular
postural position and the intercuspal position maximal voluntary clenching. A: Comparison of the average electromyography amplitudes in the
mandibular postural position and intercuspal position maximal voluntary clenching; B: Comparison of the normalized muscle activity ratio in the mandibular postural
position; C: Comparison of the intercuspal position activity index. *Comparison to the NB group, P < 0.05; ®Comparison to the CB group, P < 0.05. CB: Centric
bruxism; ECB: Eccentric bruxism; NB: Non-bruxism; TA: Temporalis anterior; MM: Masseter muscle; NMA: Normalized muscle activity.

DISCUSSION

Screening of experimental subjects
Diagnosis of bruxism is based on self-reports, clinical examination, and instrumentation[1,3,19].
Although polysomnography (PSG) testing is believed to provide critical evidence for the diagnosis of
bruxism, PSG testing only focuses on the frequency of electromyographic episodes or bursts and does
not take into account the amplitude of electromyographic activity[1]. The electromyographic signal from
PSG only indicates that the subject is experiencing mandibular movements and does not demonstrate
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Figure 3 Comparison of the average duration (mean * SD) of the chewing cycle. A: Comparison of the duration of the chewing cycle for free chewing
of food; B: Comparison of the duration of the chewing cycle for unilateral chewing of candy; C: Comparison of the duration of the chewing cycle for unilateral chewing
of almond; D: Free chewing candy process; E: Unilateral chewing candy process on the preferred side (PS); F: Unilateral chewing candy process on the non-
preferred side (NPS); G: Free chewing almond process; H: Unilateral chewing almond process on the PS; I: Unilateral chewing almond process on the NPS. 2
Comparison to the non-bruxism group, P < 0.05; ®Comparison to the centric bruxism group, P <0.05; “Comparison of the duration of the first chewing cycle and the
subsequent total 20 chewing cycles within each group, P < 0.05. CB: Centric bruxism; ECB: Eccentric bruxism; NB: Non-bruxism; CY: Chewing cycle.
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Figure 4 Comparison of the electromyography activity (mean * SD) during unilateral chewing. A: Comparison of the root mean square (RMS) of
electromyography amplitudes of unilateral chewing of candy on the preferred side (PS); B: Comparison of the RMS of electromyography amplitudes of unilateral
chewing of candy on the non-PS (NPS); C: Comparison of the RMS of electromyography (EMG) amplitudes of unilateral chewing of almond on the PS; D:
Comparison of the RMS of EMG amplitudes of unilateral chewing of almond on the NPS. 2Comparison to the non-bruxism group, P < 0.05; ®Comparison to centric
bruxism group, P < 0.05. WS: Working side; NWS: Non-working side; TA: Temporalis anterior; MM: Masseter muscle.

Jaishideng®

that teeth contact is occurring, which may lead to mandibular movements being mistaken for bruxism.
This study used the most commonly used clinical diagnostic methods for bruxism (self-reporting and
clinical examination)[19], in which subjects with bruxism included in the study must have teeth
grinding/clenching informed by others, so the diagnostic method used in this study is more objective

and accurate than the PSG test.
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Figure 5 Comparison of the normalized muscle activity ratio (mean * SD) during unilateral chewing. A: Comparison of the normalized muscle
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activity (NMA) ratio during unilateral chewing of candy on the preferred side (PS); B: Comparison of the NMA ratio during unilateral chewing of candy on the non-PS
(NPS); C: Comparison of the NMA ratio during unilateral chewing of almond on the PS; D: Comparison of the NMA ratio during unilateral chewing of almond on the
NPS; E: Comparison of the masseter muscle NMA ratio on the working side of NPS unilateral chewing of almond. 2Comparison to the non-bruxism group, P < 0.05; ®
Comparison to the centric bruxism group, P < 0.05. CB: Centric bruxism; ECB: Eccentric bruxism; NB: Non-bruxism; WS: Working side; NWS: Non-working side; TA:
Temporalis anterior; MM: Masseter muscle.
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Tooth wear characteristics were an important basis for the grouping of bruxism in this study.
However, tooth wear may be the result of the cumulative effect of multiple factors (mechanical/
chemical)[20]. Tooth wear may also be the result of previous bruxism and may not be a valid predictor
of current bruxism activity, so a comprehensive analysis of the relationship between tooth wear and
bruxism in conjunction with self-reports, other clinical examinations, and instrumental findings is
warranted[1,4]. The subjects included in this study were informed by others of the presence of teeth
grinding/ clenching within the last 6 mo, which ensured the inclusion of subjects with active bruxism. A
combination of self-reports and clinical examination also excluded the subjects who had tooth defects
caused by issues other than bruxism.

Muscle activity status in the MPP and ICP MVC

The EMG results of our study supported the hypothesis. The main muscles involved in ECB are the TA
on the working side and MM on the non-working side, with the TA predominating; the muscles
involved in CB patients are bilateral TA and MM, with the MM predominating. Compared with the NB
group, the ECB group exhibited an increased number of TA maximal motor units during ICP MVC,
prolonged neuromuscular activity, reduced firing frequency of TA motor neurons, and significantly
reducing TA NMA ratio in the MPP. While in the CB group, the number of muscle maximal motor units
was reduced, but the MM was reduced to a greater extent, resulting in a significant increased MM NMA
ratio in the MPP. In previous studies, there were no significant differences in the TA and MM EMG
amplitudes between bruxism and non-bruxism subjects in the MPP and ICP MV(J[16,21]. These studies
did not differentiate the mandibular movement types of bruxism subjects, resulting in findings that did
not reflect the true situation.

In our study, the degree of MM contribution to clenching was weakest in the females of the CB group.
ICP Ac can be used to compare the relative contribution of the MM and TA to the bite force[18].
Previous studies showed that men have higher tolerance to muscle fatigue than women[22]. There are
differences in muscle anatomy between the sexes. It has been reported that, in young adults, TA and
MM are thinner in women than in men[23]. CB resulted in MM fatigue, which further reduced the
extent of the MM contribution to clenching in women. We found a significantly reduced MM contri-
bution to clenching in only the females of the CB group, suggesting pronounced involvement of MM in
these individuals.

Muscle activity status during unilateral chewing

This study suggests that masticatory muscle contraction efficiency was significantly less pronounced in
the CB group. There were fewer muscle maximal motor units in both the TA and MM during chewing,
and the proportion of myofiber motor unit activation (NMA ratio) was greater than in the other two
groups, while the ECB and NB groups had similar EMG activity. This suggests that the masticatory
muscles were more significantly involved in the CB patients. Palinkas et al[21] suggested that the reason
for the low EMG signal during mastication in a bruxism patient is that the masticatory muscles are in a
fatigued state with fewer motor units recruited by muscle contraction. Compared to mild bruxism
patients, patients with severe bruxism have lower masticatory muscle contraction efficiency and show a
higher NMA ratio during food chewing[24].

Compared with the NB group, the degree of EMG activity of both the WS TA and the NWS MM were
enhanced in the ECB group. Under normal conditions, unilateral contraction of the MM can move the
mandible toward the contracted side[8]. The presence of an abnormal increase in MM activity on the
non-working side indicates that ECB can reinforce non-functional lateral muscle bundle contraction.

Compared to one previous study[24], this study was progressive in that a combination of questioning
and free-chewing observations was used to differentiate and confirm the chewing PS. Although subjects
who chewed unilaterally were excluded, subjects still chewed on a preferred side[8]. The comparative
analysis based on the chewing preferred side/non-preferred side was superior to the comparative
analysis based on the left side/right side, so the former was chosen in this study to improve the compar-
ability of the results.

Duration of chewing cycle

EMG activity can be used to assess the efficiency of the chewing cycle[25]. In this study, the CB showed
inefficient chewing cycle. The CB group always had a longer chewing cycle duration than the other two
groups, and the CB group showed significant differences during unilateral candy chewing. An analysis
of each stage of the chewing process showed that the CB group always had the longest chewing cycle
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duration throughout mastication. One possible reason for this is that the masticatory muscles of CB
patients become fatigued, and the muscle contraction capacity is diminished. Another possible reason is
that clenching increases the depth of the central fossa of the posterior teeth and lengthens chewing
trajectory, leading to longer chewing cycle duration.

It has been reported that the duration of the first chewing cycle is always longer than that of the
subsequent chewing cycles[14]. Therefore, it was reasonable to separate out the first chewing cycle as a
separate analysis in this study. Quantifying the chewing cycle duration at different chewing stages can
reflect changes in the masticatory process. A similar change trend of chewing cycle duration in the
different groups in this study indicated that there was no significant effect of the different types of
bruxism on changes in the mastication process.

Clinical implications of this study

This study showed that masticatory muscle function is more significantly adversely affected in CB
patients. It has been established that long-term motor loading can affect muscle capillary supply[26] or
lead to muscle fiber damage[27]. The weaker muscle functional status in the CB group compared to the
ECB group may be explained by the fact that bruxism behaviors may last longer in the CB group, i.e.,
clenching may occur both during the day and night. Compared to the tooth grinding in ECB patients,
the sound of clenching in CB patients is more insidious and easily ignored by patients. Patients do not
usually realize that they are clenching until painful symptoms appear in the masticatory muscles.
Bruxism may lead to adverse consequences such as changes in occlusion and temporomandibular joint
disorders in the long term[1,28]. However, it is not clear whether bruxism causes painful symptoms in
the masticatory muscles[29]. Because previous studies did not classify bruxism based on the type of
mandibular movement, in which the majority of bruxism patients included may have been ECB patients
and CB was disregarded, no strong evidence of painful fatigue of the masticatory muscles due to
bruxism was found. Clinicians should pay attention to the early diagnosis and intervention of CB to
avoid the aggravation of its damage to the function of the stomatognathic system.

Previous studies mostly recommended occlusal splints (especially stabilization occlusal splint) as the
primary treatment for bruxism. The occlusal splint is an appliance that reestablishes and maintains
intermaxillary distance, which is often used to prevent the adverse effects of bruxism on the function of
the stomatognathic system - to reduce excessive muscle activity, to evenly distribute occlusal forces, to
relieve TM] symptoms, and to prevent increased tooth wear[30-32]. However, due to the uncertainty of
the cause of bruxism, previous treatments have not been able to eliminate bruxism[33]. The temporary
occlusion provided by the occlusal splint should help to reorganize neuromuscular reflex activity,
reduce the occurrence of bruxism, and restore the function of the masticatory muscles[34]. The
appropriate type of occlusal splint should be selected depending on the mandibular movement charac-
teristics of different types of bruxism.

Clenching behavior in CB patients is mainly involved in the bilateral TA and MM (predominantly
MM). The axial force is increased because the direction of the muscle fiber alignment approximates the
line of occlusal force, and patients show cup-shaped tooth wear and axial muscle impairment.
Therefore, the muscle balance occlusal splint[35] should be used to release the tension of masticatory
muscles caused by clenching, bring the mandible nearly into the postural position, reduce the
contraction tension of the vertical muscle bundle, and maintain the coordination and stability of
masticatory muscle function.

ECB is caused by the enhancement of non-functional lateral muscle bundles, which should be
restricted. The buccal-pterygoid occlusal splint can be used to restrict the lateral mandibular movement,
reduce the abnormal excitability of the muscle bundle, reorganize the neuromuscular reflex activity, and
reduce the occurrence of teeth grinding to prevent the aggravation of tooth wear[36].

The subjects in this study were university students, so the study only reflects the characteristics of a
single population in one age group and of a specific educational background. Although the high degree
of homogeneity and compliance of the subjects made the results more objective, it also showed the
limitations of the subject, such as the relatively short duration of bruxism. The study results mainly
reflected the effect of early bruxism on the function of the masticatory muscles. Further studies should
be extended to other types of populations in order to fully reflect the effects of bruxism on the function
of the stomatognathic system.

CONCLUSION

The following conclusion can be drawn from the present experimental population: ECB mainly involves
the temporalis anterior on the working side and the masseter muscle on the non-working side, with the
temporalis anterior predominating, and the patients show enhanced contraction of non-functional
lateral muscles; CB mainly involves the temporalis anterior and the masseter muscle bilaterally, of
which the masseter muscle was predominant, and the patients show reduced masticatory muscle
contraction efficiency and chewing cycle efficiency.
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ARTICLE HIGHLIGHTS

Research background

Bruxism is a rhythmic masticatory muscle activity that occurs involuntarily in a non-physiologically
functional state. Previous studies have classified bruxism mainly according to its phase of occurrence.
However, this classification does not provide targeted guidance for the treatment of bruxism. Bruxism
can also be classified according to the type of mandibular movement: Centric bruxism (CB), which is
dominated by centric clenching movements, and eccentric bruxism (ECB), which is dominated by
eccentric grinding movements. There is a dearth of research classifying the functional status of
masticatory muscles in patients with different mandibular movement types of bruxism.

Research motivation

This study analyzed the differences in the functional status of the masticatory muscles affected by
different types of bruxism (CB and ECB), thus illustrating the need for diagnostic classification and
corresponding treatment for patients with different types of bruxism.

Research objectives
To reflect the mainly involved types of masticatory muscle and the functional status of the masticatory
muscle in patients with different types of bruxism.

Research methods

A total of 21 CB subjects and 21 ECB subjects were screened from college students according to a
questionnaire and their tooth wear features. Sixteen non-bruxism subjects were also recruited. The
surface electromyography signals of the temporalis anterior (TA) and superficial masseter muscle (MM)
were measured in different mandibular positions and during the chewing task. The electromyography
amplitude and chewing cycle duration parameters were then analyzed.

Research results

The CB group showed a reduced number of muscle maximal motor units, with the MM being more
pronounced, a higher proportion of muscle contractions to be recruited for the same load of chewing
activity, and the longer chewing cycle duration. The ECB group showed an increased number of TA
maximal motor units, and higher MM activity on the non-working side the in unilateral chewing. This
study provides a myoelectrophysiological basis for the diagnostic classification of bruxism based on the
type of mandibular movement. Since the subjects selected for this study were college students, the effect
of bruxism on populations containing people at other age levels is not clear.

Research conclusions

CB mainly affects the MM, and the patients show reduced masticatory muscle contraction efficiency and
chewing cycle efficiency. ECB mainly affects the TA, and the patients show enhanced contraction of
non-functional lateral muscle bundles.

Research perspectives
The effects of different types of bruxism on people of other ages should be explored in further study to
provide a comprehensive picture of the effects of bruxism on masticatory muscle function.
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