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Ⅰ. Abstract 

[Objective] 

The aims of the present study were threefold: first, to compare the bite force and 

masticatory muscle activity between anterior and posterior teeth during first jaw motor 

performance, second to compare the motor evoked potential (MEPs) as a measure of 

corticomotor control of jaw-closing muscles between healthy participants and 

participants with sleep bruxism (SB), and third to compare the effect of a repeated tooth 

clenching task (TCT) on the excitability of the corticomotor representation of the human 

jaw musculature between the two groups using transcranial magnetic stimulation 

(TMS). 

[Materials and methods]  

Research 1: Twenty-six participants participated in two tooth bite tasks (a tooth bite 

task at the anterior teeth (ATB) and a tooth bite task at the right first molar (PTB)) and 

three target force levels (20%, 40% and 60% MVC). Before the measurement, 

participants performed a maximum tooth bite on a force meter to determine the 100% 

MVC at anterior teeth and posterior tooth. During all task, electromyography (EMG) 

activities were recorded from left (LM) and right masseter muscle (RM), left (LT) and 

right temporalis muscle (RT) and bite force were recorded. The variability at each target 

force level and in each jaw motor task was determined as the coefficient of variation 

(CV) of the actual bite force activity and EMG activities. 

Research 2: This study was consisted two experimental sessions (a screening session 

and a lab session) in 38 participants. In a screening session, all participants were 

divided into SB and control according to screening, clinical assessment, and 

instrumental evaluation. Finally, in total, 19 individuals with definite SB (9 men and 10 
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women, average age: 24 ± 3 years old) and 19 individuals with no consistent reports of 

SB (control group) (13 men and 6 women, average age: 27 ± 10 years old) participated 

in this study. In a lab session, participants performed tooth clenching task (TCT) at right 

first molar tooth for 58 minutes at 3 force level (10%, 20%, and 40% maximum voluntary 

contraction (MVC)) in a randomized order. TMS was performed immediately before TCT 

(pre-TCT session) and 5 minutes after TCT (post-TCT session). 

[Result] 

Research 1: Actual bite force values and EMG RMS amplitude in each muscle were 

significantly dependent on target force level during ATB and PTB (P < 0.01). CV values 

of actual bite force level in each jaw motor task were not significantly dependent on 

target force level or biting task. EMG RMS amplitude during ATB and PTB were 

significantly dependent on force level (P < 0.01). 

Research 2: The masseter MEP in the control group at 120% and 160% were 

significantly higher than the SB group in the pre-TCT session (P < 0.05). The masseter 

MEP in the control group in the post-TCT session were significantly higher than pre-TCT 

session (P < 0.05). However there were no significant difference between pre- and 

post-TCT session in the SB group (P > 0.05). FDI were only dependent on stimulus 

intensity (P < 0.001). 

[Conclusion] 

These results suggest that the mechanism of force control with regard to jaw 

movements contributes masticatory muscle activity and periodontal receptors, and SB 

may be associated with a significant reduction in the excitability of corticomotor 

pathways related to the masseter muscle, impaired training-induced cortical 

neuroplasticity with some impact on force control mechanisms and masseter muscle 
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performance. 

 

Ⅱ. Introduction 

 In daily life, humans unconsciously perform functional jaw movements 

(mastication, etc.). To elucidate the performance of jaw movements related to functional 

oral motor tasks, it is essential to investigate the coordination of jaw movements. Our 

previous study investigated the effects of repeated jaw-motor tasks on masseter muscle 

performance and demonstrated that repeated tooth clenching improves the 

performance of masseter muscles in terms of accuracy, but not maximum voluntary 

contraction [1]. Hellmann et al. suggested that the masticatory muscles are remarkably 

prone to motor adaptation [2]. In addition, some studies also demonstrated motor 

learning with regard to jaw movements at anterior teeth during biting [3,4]. However, no 

studies have compared bite force and masticatory muscles between anterior teeth and 

posterior teeth when humans perform simple jaw motor tasks. 

 On the other hand, some studies have demonstrated that when humans 

perform motor tasks on the first attempt, the muscle activation used to achieve the 

objective of the action does not typically use the muscles available in the most effective 

manner [5]. In jaw motor tasks, although some studies investigated the effects of 

repeated jaw motor tasks for bite force or masticatory muscle activity, no studies have 

investigated the first performance of a jaw motor task. To clarify the mechanisms of jaw 

movements, it is essential to investigate the first performance of a jaw motor task. The 

aim of this study was to compare the bite force and masticatory muscle activity between 

anterior and posterior teeth during first jaw motor performance. 

 Sleep bruxism (SB) is defined as a repetitive jaw-muscle activity characterized 
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by clenching or grinding of the teeth and/or by bracing or thrusting of the mandible 

during sleep [6]. To elucidate central processing mechanisms underlying SB in humans, 

identifying neuroplasticity in corticomotor control of the human jaw movements may be 

important. Some functional magnetic resonance imaging (fMRI) studies demonstrated 

the effect of self-reported bruxism and tooth-grinding behavior for brain activity during 

tooth-clenching or -grinding tasks [7,8]. These studies suggested a potential difference 

of central nervous system function between a group of individuals with self-reports of 

bruxism and a non-bruxism group. Our previous transcranial magnetic stimulation 

(TMS) study on healthy participants demonstrated that the performance of repeated 

standardized tooth clenching tasks (TCT) for 58 min on each of five consecutive days 

can trigger neuroplastic changes in the corticomotor control of jaw-closing muscles [9]. 

In addition, Zhang et al. suggested that the sensorimotor training of the jaw muscles 

induced signs of neuroplastic changes in the corticomotor pathways related to the 

masseter muscle in healthy participants [10]. These studies suggested that repeated 

jaw movements can trigger neuroplastic changes in the corticomotor control of 

jaw-closing muscles. However, to the best of our knowledge there has been no studies 

on cortical plasticity in individuals with self-reports, clinical findings as well as 

electromyography (EMG)-based screening consistent with SB.  

 In behavioral studies in humans it has previously been shown that force control 

mechanisms appear to be different between spinal and trigeminal muscle activity [1]. 

For trigeminal muscle activity, some studies have investigated the effect of repeated jaw 

motor tasks on performance in terms of accuracy and precision related to jaw force 

control mechanisms [11,12]. However, no studies so far have investigated the effect of 

SB on performance in terms of accuracy and precision related to force control 
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mechanisms during jaw movements. For a better understanding of SB behavior, it may 

be important to clarify corticomotor pathways and force control mechanisms. 

 The aims of the present study were threefold: first, to compare the bite force 

and masticatory muscle activity between anterior and posterior teeth during first jaw 

motor performance, second to compare the motor evoked potential (MEPs) as a 

measure of corticomotor control of jaw-closing muscles between healthy participants 

and participants with SB, and third to compare the effect of a repeated TCT on the 

excitability of the corticomotor representation of the human jaw musculature between 

the two groups using TMS. 

 

Ⅲ. Materials and methods 

Research 1: Comparison of first jaw motor performance between bite task at  

anterior and posterior teeth 

 This study was carried out in 26 participants [8 women and 18 men; mean age 

± standard error of the mean = 28.6 ± 3.0 years]. Abnormal stomatognathic function or 

anterior open bite was excluded from this experiment. There were no participants with 

any medical, physical, or psychological problems. Informed consent was obtained from 

all participants before the experiment. The Institutional Ethics Committee approved the 

study (EC16-012), and the guidelines set out by the Declaration of Helsinki were 

followed. 

 This study consisted of two tooth bite tasks (a tooth bite task at the anterior 

teeth (ATB) and a tooth bite task at the right first molar (PTB)) and three target force 

levels (20%, 40% and 60% maximum voluntary contraction (MVC)). All participants sat 

upright and relaxed on a dental chair with their head supported by a headrest, and 
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performed each jaw motor task.  

 Before measurement, participants performed a maximum tooth bite on a force 

meter to determine the 100% MVC at the anterior teeth and posterior tooth. During all 

measurements, participants alternated between a 5-s rest-block and a 5-s task-block 

over a period of 30 s at a given auditory signal for each jaw motor task, which consisted 

of two jaw motor tasks and three target force levels (Fig.1 A). Three target force levels 

at 20%, 40%, and 60% MVC on ATB and PTB in randomized order were performed 3 

times. To avoid masticatory muscle fatigue, a 30-s rest period was allowed between 

each jaw motor task.  

 A bite force meter (Unipulse F325 Digital Indicator, UNIPULSE, Tokyo, Japan) 

was used to measure bite force in each jaw motor task during all measurements. The 

design of the bite force meter (Fig. 1B) ensured that the force measurement was 

insensitive to the point of force applied onto the plate. A bite force meter was placed on 

the right side between the first molars or anterior teeth and supported by the participant 

during the jaw motor task. In this data analysis, initially, actual bite force value during 

each jaw motor task was quantified by calculation of the target force level in 5-s 

intervals from all participants. Second, the variability at each target force level and in 

each jaw motor task was determined as the coefficient of variation (CV) of the actual 

bite force activity.  

 In all measurements, electromyographic (EMG) activities were recorded during 

each jaw motor task. EMG activities were recorded from the left masseter (LM), right 

masseter (RM), left temporalis (LT), and right temporalis (RT) during ATB and PTB, 

using disposable bipolar surface electrodes (NM31; Nihon Kohden, Tokyo, Japan). 

EMG signals were amplified 2000 times (PL3508 Power Lab 8/35, Bio research center, 
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Japan), filtered in the bandwidth 20 Hz to 1 kHz, sampled at 4 kHz and stored for off-line 

analysis.  

 In EMG data analysis, EMG activities during each jaw motor task were 

quantified by calculation of root mean square (RMS) EMG amplitude in each of the 5-s 

intervals from each EMG channel in all participants. Second, the variability at each 

target force level was determined as the CV of the EMG activity in each EMG channel. 

 All data were presented as mean values and standard error of the mean. The 

actual bite force value in each tooth bite task were analyzed using one-way ANOVA with 

target force level (20%, 40%, 60%, and 100% MVC). The CV value of actual bite force 

level between target force level and actual bite force values were analyzed using 

two-way ANOVA with target force level (20%, 40%, and 60% MVC) and tooth bite task 

(ATB and PTB).  

  The RMS EMG amplitudes in each muscle (masseter muscle and temporalis 

muscles) for each tooth bite task (ATB and PTB) were analyzed using two-way ANOVA 

with each target force level (20%, 40%, 60%, and 100% MVC) and side (left and right). 

CV values of EMG RMS amplitude in each muscle (masseter muscle and temporalis 

muscle) in each tooth bite task (ATB and PTB) were analyzed using two-way ANOVA 

with each target force level (20%, 40%, and 60%) and side (left and right). When 

appropriate, ANOVA was followed by Bonferroni test to compensate for multiple 

comparisons. P values of less than 0.05 were considered to be significant.  

 

Research 2: Impact of sleep bruxism on training-induced cortical plasticity 

 A total of 38 participants with normal stomatognathic function were recruited. 

Exclusion criteria were any medical or psychological disorders, epilepsy, metal implants 
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in the head, a pacemaker, an implanted medicinal pump and pregnancy. Inclusion 

criteria were natural dentition in the first molar region and no ongoing pain in the face or 

any other reported chronic pain in the last 6 months. Informed consent was obtained 

from all participants before the experiment. The study was approved by the local ethics 

committee (approval No.1-10-72-417-17 Aarhus County, Denmark) and conducted in 

accordance with the Helsinki Declaration II. 

 The present study followed a three step procedure to offer the best 

characterization of individuals with SB [6] 1) Screening (Probable SB): self-reported SB 

or reported by sleep-partner of tooth-grinding noises, 2) Clinical assessment by a 

trained dentist: at least one or more of the following clinical signs: a) wear facets (grade 

> 1), b) hypertrophy of the masseter muscle, c) evidence of wear on oral splint, d) 

hyperkeratosis of the cheek mucosa, e) teeth impressions on the tongue, lips or tooth, 

or tooth restorations fractures due to the bite forces, or sign or symptoms of traumatic 

occlusal contacts (Possible SB), 3) Instrumental evaluation: All the individuals were 

evaluated for seven nights via an ambulatory single-channel EMG device measuring 

temporal muscle activity (Grindcare3+, Sunstar Suisse, Etoy, Switzerland). If any 

participant had more than 4 recordings showing more than half of the sleeping hours 

with over 20 EMG events/hour, they were considered to be definite SB in this study [13]. 

Finally, in total, 19 individuals with definite SB (9 men and 10 women, average age: 24 ± 

3 years old) and 19 individuals with no consistent reports of SB (control group) (13 men 

and 6 women, average age: 27 ± 10 years old) participated in this study.  

 All participants performed a standardized TCT consisting of three series for a 

total of 58 minutes according to our previous studies [9,11]. During TCT, participants 

were instructed to clench at their right first molar teeth on a force meter. A U-shaped 
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force meter (Aalborg University, Aalborg, Denmark) was used to measure actual force 

value. Before the TCT, participants performed a maximum tooth clench at their right first 

molar teeth on the force meter to determine the 100% maximum voluntary contraction 

(MVC). In the first and third series, participants were simply instructed to target different 

force levels without visual feedback. In the second series, visual feedback of the muscle 

activity level via a force meter was displayed to the participants on a monitor. One series 

consisted of three measurements (10%, 20% and 40% of the MVC), and one 

measurements consisted of one force level in a randomized order. During all 

measurements, participants alternated between a 30 s rest block and a 30 s task block 

for 360 s. In the task block, participants alternated between a 5 s rest block and a 5 s 

task block. For the data analysis, relative error between actual force value and target 

force level was calculated from the actual force value at each force level in each series 

to evaluate the accuracy of the performance. Second, the coefficient of variation (CV) 

was calculated from actual force value at each force level in each series to evaluate the 

precision at each target force level [14]. 

 This study consisted of two sessions of MEP measurements by TMS: before 

the TCTs (pre-TCT session) and 5 min after the TCTs (post-TCT session). EMG activity 

from right first dorsal interosseous (FDI) muscles and the right masseter muscles were 

recorded with disposable bipolar surface electrodes (Neuroline 720, Ambu, 

Copenhagen, Denmark). The EMG signals were amplified 5000 times (Disa 15C01, DK), 

filtered in the bandwidth 10 Hz to 5 kHz for off-line analysis. During the recording of 

masseter MEPs, participants kept a special device between the anterior teeth [9,11] in 

order to secure constant pre-activation background of masseter, which is required for 

TMS to elicit a MEP [9,15,16]. The TMS was performed using a Magstim 200 stimulator 
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(Magstim Co., Whitland, Dyfed, UK) and a focal figure-of-eight stimulating coil. A flexible 

cap was placed over the head in a standardized way that was based on anatomical 

markers and in accordance with the International 10-20 electrode placement system. A 

coordinate system with a 1-cm location was drawn on the cap. The coil of the stimulator 

was oriented 45 degrees obliquely to the sagittal midline, so that the induced current 

flowed in a plane perpendicular to the scalp sites [9,17,18]. The scalp sites at which 

EMG responses were evoked in the FDI or masseter at the lowest stimulus strength 

were determined. The motor threshold (MT) of masseter and FDI muscles was 

measured and defined as the minimum stimulus intensity that produced 5 out of 10 

discrete MEPs clearly discernible from the background EMG activity in each muscle 

[9,10]. Onset latency was measured on the non-rectified, averaged MEPs [9,17,19]. 

 The MEPs were assessed by two methods: stimulus-response curves and 

motor cortex mapping as previously described [9,10,19]. Stimulus-response curves 

were constructed at 90% MT, 100% MT, 120% MT, and 160% MT. Twelve stimuli were 

presented at each stimulus level with an interstimulus interval of 10–15 s. For motor 

cortex mapping, TMS stimuli were delivered at the sites over the scalp identified by the 

snugly fitting, flexible cap marked with the 1 × 1 cm2 grid in an anterior-posterior and 

lateral-medial coordinate system [20]. The anterior-posterior grid lines relate to the 

vertex (Cz) in accordance with the 10-20 electroencephalographic (EEG) electrode 

placement system. The stimulator output was set at 120% MT, and eight stimuli were 

delivered to each site. The grid was stimulated in a regular pattern, beginning at the 

center of the “hot spot” and then moving anteriorly then posteriorly at increasing and 

decreasing latitudes; the sites typically covered 5 cm from the vertex and 5 cm anterior 

and posterior to the interaural line, corresponding to 25 grids. The motor cortex areas 



                    12 
 

(cm2) from which TMS evoked FDI and masseter MEPs having amplitudes greater than 

10 µV (masseter), and 50 µV (FDI) were determined on the 1 × 1 cm2 grid. The 

coefficient of gravity (COG) was calculated in accordance with Ridding et al. [21]. 

 All data are presented as mean values and standard deviation (SD). Number of 

EMG events during sleep, age and sex between the SB and control group were 

analyzed with a t-test. Relative error (accuracy) and CVs (precision) of the actual force 

values were analyzed with three-way ANOVA with target force level, series and group. 

The motor thresholds of the masseter and FDI MEPs and onset latencies of the 

masseter and FDI MEPs at pre-TCT in both groups were analyzed with paired t-test. 

The MEP amplitudes of the masseter and FDI MEPs were analyzed using three-way 

ANOVA with group, stimulus intensity and sessions as factors. The COG measures and 

MEP areas were analyzed using one-way analysis of variance (ANOVA). When 

appropriate, the ANOVAs were followed by post hoc Tukey tests to compensate for 

multiple comparisons. P values less than 0.05 were considered significant. 

 

Ⅳ. Results 

Research 1: Comparison of first jaw motor performance between bite task at  

anterior and posterior teeth  

1. Bite force value  

 Fig.2 shows the actual bite force values for each force level during ATB and 

PTB. Actual bite force values were significantly dependent on target force levels during 

ATB and PTB (P < 0.001). Post-hoc tests demonstrated that actual bite force during 

100% MVC was significantly higher than during 20%, 40%, and 60% MVC for each 

tooth bite task (P < 0.05), and that actual bite force during 60% MVC was significantly 
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higher than during 20% MVC for each tooth bite task (P < 0.05). Fig.3 shows CV values 

of actual bite force level for each jaw motor task. CV values of actual bite force level in 

each jaw motor task were not significantly dependent on target force level (P = 0.657) or 

tooth bite task (P = 0.506).  

  

2. EMG RMS amplitude   

 Fig. 4 shows EMG RMS amplitude for each target force level at LM and RM (A) 

and LT and RT (B) during ATB, and PTB at LM and RM (C) and LT and RT (D) during 

PTB. EMG RMS amplitude during ATB and PTB were significantly dependent on target 

force level (P < 0.01). In ATB, post-hoc tests demonstrated that EMG RMS amplitude 

during 100% MVC was significantly higher than during 20%, 40%, and 60% MVC in LM 

and RM (P < 0.05) and EMG RMS amplitude during 100% MVC was significantly higher 

than during 20%, and 40% MVC in LT and RT (P < 0.05). In PTB, post-hoc tests 

demonstrated that EMG RMS amplitude during 100% MVC was significantly higher than 

during 20%, 40%, and 60% MVC in LM, RM, LT, and RT (P < 0.05). 

 

3. CV value of EMG RMS amplitude 

 Fig.5 shows CV values of EMG RMS amplitude for each target force level at 

LM and RM (A) and LT and RT (B) during ATB and, PTB at LM and RM (C) and LT and 

RT (D) during PTB. CV values of EMG RMS amplitude at LM and RM were significantly 

dependent on target force level during PTB (P < 0.05). In PTB, CV values of EMG RMS 

amplitude during 40% MVC at LM and RM were significantly higher than during 20% 

and 60% MVC (P < 0.05).  
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Research 2: Impact of sleep bruxism on training-induced cortical plasticity 

1. Screening of bruxism  

 There was a significant difference in EMG events during sleep between SB 

(38.7 ± 15.1 EMG events/hour) and control group (13.6 ± 4.1; P < 0.001). There were 

no significant differences in age and sex between the SB and control group (P = 0.253, 

P = 0.199 respectively). 

 

2. MEP recordings  

 For MEP recordings, the MTs of the masseter MEPs in the control group (38.4 

± 2.9%) were significantly lower than in the SB group (41.1 ± 3.6%; P < 0.05). The MTs 

of the FDI MEPs in the SB group and control group were 39.2 ± 4.5%, 38.4 ± 4.7% (P = 

0.601). The onset latencies of the masseter MEPs in the SB group and control group 

were 7.4 ± 0.2 ms and 7.4 ± 0.2 ms, respectively (P = 0.379). The onset latencies of the 

FDI MEPs in the SB group and control group were 26.9 ± 1.2 ms and 27.3 ± 0.8 ms, 

respectively (P = 0.512).  For the stimulus-response curves, the masseter MEPs were 

significantly dependent on group (P < 0.01), stimulus intensity (P < 0.001) and session 

(P < 0.05). The masseter MEPs in the control group at 120% and 160% MT were 

significantly higher than in the SB group in the pre-TCT session (P < 0.05). The 

masseter MEPs of the control group in the post-TCT session were significantly higher 

than the pre-TCT session (P < 0.05), however, there were no differences in the 

amplitude of the masseter MEPs between pre- and post-TCT session in the SB group (P 

> 0.05) (Fig. 6A).  

 The FDI MEPs were dependent on stimulus intensity (P < 0.001) but not group 

or task session (P = 0.788 and P = 0.133 respectively) (Fig. 6B). For motor cortex 
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maps, there were significantly larger masseter MEP motor cortex map areas in the 

pre-TCT session in control group (20.8 ± 2.7 mm2) than in the SB group (17.4 ± 4.8 

mm2) (P < 0.05). The masseter MEP motor cortex maps in the post-TCT session were 

also significantly larger in the control group (21.7 ± 3.1 mm2) than in the SB group (17.2 

± 4.1 mm2) (P < 0.05). There were no significant differences in FDI MEP areas between 

the pre- and –post TCT session in any groups (Fig. 7 and Table 1). There were no 

significant changes amongst task sessions and groups for any of the COG outcomes 

(Table 2). 

 

3. Tooth clenching task (TCT)  

 Accuracy between actual force value and target force level was significantly 

dependent on the series and target force level (P < 0.001, P < 0.001 respectively) but 

not group (P = 0.333). Accuracy in the second series was significantly higher (i.e., 

relative error was smaller) than in the first series at 10% and 20% MVC in both groups 

(P < 0.05). Although accuracy in the second series were significantly higher than in the 

third series at 10% and 20% MVC in the control group (P < 0.05), accuracy in the 

second series were significantly higher than in the third series only at 10% MVC in the 

SB group (P < 0.05). Accuracy in the third series were significantly higher than in the 

first series at 10 % MVC in the control group (P < 0.001) (Fig. 8A). Precision was 

significantly dependent on the series and target force level (P < 0.001, P < 0.05 

respectively) but not group (P = 0.986). Precision in the second series were significantly 

higher (i.e., coefficient of variation was lower) than in the first and third series in both 

groups (P < 0.001) (Fig. 8D).   
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Ⅴ. Discussion 

Research 1: Comparison of first jaw motor performance between bite task at 

anterior and posterior teeth  

 This study compared the bite force and masticatory muscle activities between 

anterior teeth and posterior tooth during first jaw motor performance. Actual force values, 

EMG RMS amplitude, and CV values of actual bite force were significantly dependent 

on target force level in ATB and PTB. Although CV values of EMG RMS amplitude in 

masseter muscles during PTB were significantly dependent on target force level, CV 

values of EMG RMS amplitude in masseter muscles during PTB and masseter and 

temporalis muscles during ATB were not. 

 Our previous studies investigated the effects of repeated tooth bite tasks on the 

first molars with device or tooth clenching tasks without device on masseter muscle 

accuracy performance and demonstrated that repeated tooth clenching tasks improve 

the performance of masseter muscles in terms of accuracy but not MVC [2]. On the 

other hand, some studies demonstrated motor learning in the tooth bite task at anterior 

teeth [3,4]. These studies suggested that repeated jaw motor tasks lead to motor 

learning in jaw motor performance, regardless of anterior or posterior teeth. The present 

study demonstrated that actual force values, EMG RMS amplitude, and CV values of 

actual bite force did not differ between ATB and PTB during the first jaw motor 

performance. The present study suggests that the mechanism of control in the jaw 

motor task was similar between ATB and PTB. 

 Our previous study showed that repeated tooth clenching can trigger 

neuroplastic changes in the central nervous system [9]. This finding suggests that if 

humans perform jaw motor tasks in their daily lives, the central nervous system 
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undergoes neuroplastic changes. Further studies are needed to investigate the effects 

of oral behavior (e.g., waking or sleep-related bruxism) for the first jaw motor 

performance during ATB and PTB. 

 In comparison of the occlusal contact area in individual teeth, the occlusal 

contact area at the first molar was higher than at the front tooth [22]. However, the 

present study showed that force values, EMG RMS amplitude, and CV values of actual 

bite force during jaw motor performance was not different between ATB and PTB. On 

the other hand, periodontal receptors contribute positive feedback to the jaw-closing 

muscles during mastication [23]. Although a force meter was placed on the right side 

between the first molars or anterior teeth during jaw motor task in the present study, it 

suggested that force control of jaw movements was regulated by periodontal receptors, 

not occlusal receptors.   

 Interestingly, CV values of EMG RMS amplitude in masseter muscle during 

PTB were significantly dependent on target force levels, but not the temporalis muscle 

during PTB, or the masseter muscle and temporalis muscle during ATB. However, CV 

values of actual bite force levels in each jaw motor task were not significantly dependent 

on target force levels. Although our previous study showed that CVs of RMS EMG 

amplitude from masticatory muscles were significantly influenced by visual feedback [1], 

the present study did not apply visual feedback during jaw motor tasks. The present 

study suggests that the mechanism of force control of jaw movements contributes 

between masticatory muscle activities and periodontal receptors. To clarify the force 

control of jaw movements, further studies are needed to investigate the contribution of 

periodontal receptors and masticatory muscle activity to the force control of jaw 

movements. 
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 In clinical settings, several studies have demonstrated the usefulness of 

contingent electrical stimulation based on EMG activities on a portable device for 

patients with sleep bruxism [24]. To evaluate the number of sleep bruxism events from 

temporalis EMG activities using this portable device, participants perform 60% MVC 

tooth clenching without feedback, and the threshold value of sleep bruxism set at 20% 

MVC. As the present study demonstrates that actual force values and EMG RMS 

amplitude are significantly dependent on target force levels in ATB and PTB at first 

performance, our results suggest that 60% MVC tooth clenching without feedback is 

reliable when participants use this portable device.  

 

Research 2: Impact of sleep bruxism on training-induced cortical plasticity

 This TMS study for the first time demonstrated that definite SB was associated 

with significant changes in the excitability of corticomotor control of jaw closing muscles, 

but not of a hand muscle. In addition, repeated and standardized TCTs triggered 

significant changes in the excitability of corticomotor control of jaw closing muscles in 

the control group, but not in the SB group. In terms of the behavioral data for the TCT, 

only the control group demonstrated a significant decrease in the relative error (i.e., 

improved accuracy) at the lowest TCT level (10% MVC). 

 Byrd et al. showed that the overall extent of activated cortical areas during 

tooth-clenching and –grinding was reduced in participants with self-reported bruxism 

compared with a control group [7]. Wong et al. also showed that the participants without 

a tooth-grinding behavior showed a more extensive activity in the supplementary motor 

area during tooth-clenching than those with a tooth-grinding behavior [8]. These studies 

suggest that unconscious jaw motor behavior in patients with sleep or awake bruxism is 
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associated with specific alterations in the central nervous system. Our present study 

compared the MEPs in the corticomotor control of jaw-closing muscles between a 

control group and participants with definite SB, and demonstrated that the masseter 

MEPs in the control group at 120% and 160% MT were significantly higher than in SB 

group in the pre-TCT session. Moreover, there were significantly larger masseter MEP 

motor cortex map areas at the pre-TCT session in the control group than in SB group. In 

addition, the MTs of the masseter MEP in the control group were significantly lower than 

in SB group. Our present findings suggest that SB is associated with significant 

decreases in the excitability of corticomotor control of jaw closing muscles but not of a 

hand muscle. Although our results demonstrated that there was a significant difference 

in EMG events during sleep between groups, EMG events during sleep in the control 

group was not zero in accordance with the view that some degree of low level jaw 

muscle activity during sleep is a normal physiological finding [25]. Further investigations 

may examine if the frequency or intensity of jaw muscle activity during sleep will have 

an impact on cortical plasticity and underlying mechanism of sleep bruxism. For jaw 

movements, our previous studies showed that repeated jaw motor tasks on 5 

consecutive days or within 1 hour can trigger neuroplastic changes related to jaw 

closing muscle in the central nervous system [9,10]. Although our previous study did not 

divide into two groups according to SB, the present study clearly demonstrates the need 

in future studies to distinguish between the clinical phenotypes of bruxism. The present 

results showed that the masseter MEPs in control group at the post-TCT session were 

significantly higher than the pre-TCT session, however, the masseter MEPs in the SB 

group demonstrated a remarkable lack of effect of the TCT. The present findings may 

therefore indicate that SB performed in daily life may be associated with a reduced 
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propensity to undergo neuroplastic changes in response to specific tooth-clenching 

tasks, perhaps because neuroplastic changes may already have occurred and there is 

no functional need for the central nervous system to react to the task.   

 Our previous study suggested that repeated jaw motor tasks on 5 consecutive 

days improves the accuracy of the performance of masseter muscles [11]. On the other 

hand, the previous study investigated the effects of repeated jaw motor tasks on 

masseter muscle performance within 1 day, and demonstrated that the accuracy of 

actual force values were not significantly influenced by the training task [1]. However, 

these previous studies did not apply specific criteria for SB. In the present study, there 

were no significant differences in accuracy between the groups. However, post-hoc 

comparisons showed that although accuracy in the second series were significantly 

lower than in the third series at 10% and 20% MVC in the control group, and accuracy in 

the second series were significantly lower than in the third series only at 10% MVC in 

the SB group. Importantly, accuracy in the third series was significantly lower than in the 

first series at 10% MVC in the control group indicating an improvement accuracy 

following the TCT. Additionally, there was a no significant difference in accuracy at 40% 

MVC between each series. Our present results may suggest that SB is associated with 

not only significant neuroplasticity changes but also motor learning of jaw movements 

and force control during low level contractions.  

 The present TMS study investigated the masseter and FDI MEPs by TMS as a 

measure of the corticomotor control. Recently, some studies applied combined 

structural MRI by voxel-based morphometry (VBM) and TMS related to a hand motor 

task and eye blinks [26]. In the dental literature, Kobayashi et al. investigated the effect 

of tooth loss on brain structures using MRI by VBM [27]. Brain structure analysis using 
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MRI by VBM may be useful to further clarify the effect of specific oral conditions for 

central nervous system function. Further studies are needed to investigate the effect of 

SB on brain structures using MRI by VBM to better understand the mechanisms of SB in 

the central nervous system.  

 

Ⅵ. Conclusion  

 These results suggest that the mechanism of force control with regard to jaw 

movements contributes masticatory muscle activity and periodontal receptors, and SB 

may be associated with a significant reduction in the excitability of corticomotor 

pathways related to the masseter muscle and impaired training-induced cortical 

neuroplasticity with some impact on force control mechanisms and masseter muscle 

performance. 
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Ⅷ. Table and Figures 

Table 1 Motor cortex map area from the masseter muscle and the FDI muscle 

cortical motor maps 

 

Measurement point Motor cortex map area (㎠) 

Pre-TCT session Post-TCT session 

Masseter in SB 17.4 ± 4.8 17.2 ± 4.1 
Masseter in control 20.8 ± 2.7 21.7 ± 3.1 

FDI in SB 17.9 ± 5.2 16.8 ± 5.5 
FDI in control 18.4 ± 6.1 20.1 ± 4.5 

Means ± SD 

FDI, first dorsal interosseous; TCT, tooth clenching task; SB, sleep bruxism 
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Table 2 Center of gravity (COG) measures from the masseter muscle and the FDI 

muscle cortical motor maps 

 

Measurement point COG measure (cm) 

Ant-Post Lat-Med 

Masseter 
Pre-TCT session in SB 4.1 ± 0.2 9.1 ± 0.1 
Post-TCT session in SB 4.1 ± 0.2 9.0 ± 0.2 

Pre-TCT session in 
control  

4.1 ± 0.2 9.1 ± 0.2 

Post-TCT session in 
control  

4.1 ± 0.2 9.1 ± 0.2 

FDI 
Pre-TCT session in SB 1.8 ± 1.2 6.0 ± 0.2 
Post-TCT session in SB 1.6 ± 0.3 6.1 ± 0.2 

Pre-TCT session in 
control  

1.6 ± 0.3 6.0 ± 0.3 

Post-TCT session in 
control 

  1.6 ± 0.3 6.0 ± 0.3 

 

Means ± SD 

COG, center of gravity; FDI, first dorsal interosseous; TCT, tooth clenching task; SB, 

sleep bruxism; Ant- Post, anterior-posterior; Lat-Med, lateral-medial. 
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Fig. 1 Overview of study design (A) and bite force meter (B). 

Abbreviations: MVC, maximum voluntary contraction; ATB, anterior teeth bite task; PTB, 

posterior tooth bite task. 
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Fig. 2 Comparison of actual bite force values in each target force level during ATB 

and PTB. 

Abbreviations: ATB, anterior teeth bite task; PTB, posterior tooth bite task 

* P < 0.05 
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Fig. 3 Comparison of CV values of actual bite force level in each target force level 

during ATB and PTB. 

Abbreviations: CV, coefficient of variation; ATB, anterior teeth bite task; PTB, posterior tooth 

bite task. 
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Fig 4. Comparison of EMG RMS amplitude in each target force level in masseter 

muscles during ATB (A), temporalis muscles during ATB (B), masseter  muscles 

during PTB (C), and temporalis muscles during PTB (D). 

Abbreviations: EMG, electromyography; RMS, root mean square; ATB, anterior teeth bite 

task; PTB, posterior tooth bite task; LM, left masseter muscle; RM, right masseter muscle; 

LT left temporalis muscle; RT, right temporalis muscle. 
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Fig. 5 Comparison of CV values of EMG RMS amplitude in each target force level 

in masseter muscle during ATB (A), temporalis muscle during ATB (B), masseter 

muscle during PTB (C), and temporalis muscle during PTB (D). 

Abbreviations: CV, coefficient of variation; EMG, electromyography; RMS, root mean 

square; ATB, anterior teeth bite task; PTB, posterior tooth bite task; LM, left masseter 

muscle; RM, right masseter muscle; LT left temporalis muscle; RT, right temporalis muscle. 

* P < 0.05. 
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Fig. 6 Stimulus–response curves obtained by TMS of the masseter motor cortex 

(A) and FDI motor cortex (B) (means ± SD) in individuals with sleep bruxism (SB) 

and a control group. 

* Significantly higher masseter MEPs at post-TCT session compared with pre-TCT session 

in control group (P < 0.05, Tukey). 

# Significantly higher masseter MEPs at pre-TCT session in control group compared with 

pre-TCT session in SB (P < 0.05, Tukey). 
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Fig. 7 Masseter (A) and FDI (B) motor cortex maps by TMS at multiple scalp sites 

arranged in a 1×1 cm grid.  

Arrows indicate directions (A anterior, P posterior, M medial, L lateral). Zero on the Y-axis 

corresponds to the Cz line (interaural line). 

Cz, vertex; FDI, first dorsal interosseos; SB, sleep bruxism; TCT, tooth clenching task; TMS, 

transcranial magnetic stimulation. 
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Fig. 8 Accuracy between actual force value and target force level at 10% 

maximum voluntary contraction (MVC) (A), 20% MVC (B) and 40% MVC (C) in 

individuals with sleep bruxism (SB) and a control group.  

Precision expressed as coefficient of variation (CV) of actual force value at each 

force level in each series is displayed in (D). 

* P < 0.05, Tukey 

SB, sleep bruxism group; CO, control group. 


