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Introduction

Sleep bruxism （SB） is believed to be a masseter 
muscle activity caused by the central nervous system1）, 
thus distinguishing it from diurnal bruxism, which is 
thought to be an acquired behavior. According to Kato 
et al.2）, surveys conducted in the USA, Europe, and 
Asia show that the incidence of SB based on subjective 
awareness of tooth-grinding sounds declines with age, 
from 10-20% in children to 5-8% in adults and 2-3% in 
the elderly. However, a study by Attanasio claims that 
85-90% of the population has SB3）, but only a minority 
is aware of it, and most cases do not involve grinding 
sounds.

Depending on its severity, SB with these onset 
characteristics can cause various disorders in the 
organs of the stomatognathic system4） and has also 
been identified as an important contributing factor 
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to temporomandibular joint disorder （TMJD）5）. An 
epidemiological study by Agerberg et al.6） found that 
people who experienced SB often had functional pain 
in the temporomandibular joint （TMJ） and muscles, 
while a study of patients complaining of TMJ and 
craniofacial pain by Fricton et al.7） reported a strong 
link between clenching and grinding.

Various local factors have been associated with the 
onset of SB, but a direct relationship with occlusion 
has been ruled out8）, whereas psychological stress is 
typically believed to be closely involved. In any case, 
the prevailing view is that SB is not independently 
caused by these factors, but rather by the complex 
interrelation of a variety of determinants9）. A 
physiological role in the form of stress release has 
also been ascribed to SB10）, and there is currently no 
means to eradicate this. As such, our facility provides 
a range of symptomatic therapies to prevent and 
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mitigate damage to the stomatognathic system when 
SB is suspected, and it has garnered considerable 
recognition for the effects of fitting stabilization 
splints. Recently, however, a study by Minagi et al.11） 
described the effects of a plate-type oral appliance 
designed to fi ll the entire palatal concavity without 
involving occlusion. Nevertheless, the SB-inhibiting 
eff ect of these oral appliances has yet to be properly 
clarifi ed11-15）.

The present study monitored both bruxist and non-
bruxist subjects to observe their SB profi les and then 
compare and investigate the SB-inhibiting eff ects of 
several removable oral appliances.

Methods

1. Subjects
The subjects were teachers, undergraduate

students, and postgraduate students from the Asahi 
University School of Dentistry who had no missing 
teeth or mental disorders and who did not take 
medication on a regular basis. The bruxist group 
consisted of 8 men who were aware of their SB or 

who met at least one of the following inclusion criteria; 
（1） had been made aware of tooth-grinding sounds 
by another person; （2） had abnormal dental attrition 
or shiny spots on restorations; （3） experienced TMJ 
pain or discomfort upon waking; （4） felt fatigue or 
pain in the masseter muscles; or （5） had masseteric 
hypertrophy16, 17）. The non-bruxist group, on the other 
hand, consisted of 3 men who did not meet any of the 
above criteria （1）-（5）.

Informed consent was obtained from all subjects 
after carefully explaining the study aims and details. 
This study was conducted with the approval of the 
Asahi University School of Dentistry’s Ethical Review 
Board （approval no. 22095）.

2. Data monitoring equipment & collection
Vital signs during sleep were monitored and

recorded using the method described in Fig. 1 below. 
Since bruxism occurs due to occlusal muscle activity, 
muscle activity in the central portion of the masseter 
muscle was measured. Body movements were also 
measured to distinguish between brain waves used 

Fig. 1 Vital sign measurement and data collection
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to determine sleep onset （hypnagogia） and masseter 
muscle activity indicating SB onset. Although there 
was a risk of misinterpreting masseter activity during 
swallowing as a bruxism event （herein ‘event’）, a 
preliminary experiment confirmed that masseter 
activity during swallowing did not exceed 20% of the 
maximum voluntary contraction （MVC） level in any 
of the subjects. Masseter activity was determined with 
electromyography （EMG） by placing an electrode on 
the central part of the left masseter muscle so as to 
be parallel to the muscle fi bers18）. Brain wave activity 
was determined with electroencephalography （EEG） 
by attaching the indiff erent electrode to the forehead 
and the reference electrodes to both earlobes （A1）, as 
well as the frontal pole （Fp1）, and using a 2-channel 
brainwave sensor （DL-160）. Body movements 
were detected as acceleration signals converted to 
voltage using a piezoelectric element attached to the 
manubrium. Vital signs were converted from analog 
to digital （A/D） signals using a data collection system 

（UAS-108S, Unique Medical Co., Ltd., Tokyo, Japan） 
at a sampling frequency of 1 kHz and then recorded 
and analyzed using a personal computer.

Data collection was performed in the homes of 
each subject. Subjects were instructed to measure 
muscle activity on the measurement days by placing 
the designated electrodes on the same part of the 
body19）. The subjects received an explanation on how 
to place the electrodes and operate the measurement 
device and were required to practice until they were 
proficient. They were also instructed to perform 
the measurements on days when their physical and 
mental state was close to normal, rather than during 
times of anxiety, stress, or frustration. Furthermore, to 
prevent sleep interference by the attached electrodes 
and leads connected to the device for recording vital 
signs during events20）, the subjects were required to 
familiarize themselves with the device by practicing 
how to use it 3 days prior to measurement for a period 
of at least 2 days.

3. Oral appliances
The maxillary oral appliances worn by the subjects 

during sleep are shown in Fig. 2.
（1）  Thin palatal plate （thin plate）: Made of a quick-

cure resin covering the entire palate at a thickness 
of 1.5 mm, the thin plate was anteriorly and 

laterally aligned with the palatal cervical margin 
of the subjects’ teeth, and its posterior part was 
made consistent with the line connecting the distal 
region of the rear-most molar crowns.

（2）  Thick palatal plate （thick plate）: Based on the 
appliance described by Minagi et al.11）, the thick 
plate was made of a quick-cure resin covering the 
entire area from the deepest part of the palate to 
the cervical region and using the same positions as 
that of the thin plate.

（3）  Splint （SP）: This appliance was a stabilization 
splint covering the edge-to-edge bite with a 1.5-
2.0-mm resin that brought the mandibular buccal 
cusp into occlusal contact with a 0.5-0.7-mm-
diameter contact area so as to be guided by the 
front teeth and canines and to separate the molar 
region during anterior and lateral movement 
of the mandible. In addition, the three types of 
oral appearances were randomly attached to the 
subjects.

4. Analysis parameters
1） Identifying bruxism events

The root mean square （RMS） of the EMG’s source 
waveform was calculated using a time constant of 
60 msec. Each subject was instructed to perform a 
maximum voluntary bite for 2 seconds 5 times prior 
to measurement, and the mean of the maximum EMG 
amplitude was regarded as 100% MVC21）. A bruxism 
event was defi ned as muscle activity that exceeded 
20% of this MVC muscle activity level and continued 
for at least 0.25 seconds. Artifacts deemed to be 
obvious body movements and noise based on the EMG 
source waveform were excluded from the data.
2） Event measurement variables

Events identifi ed based on the above criteria were 
measured in terms of the following variables:

（1） Event incidence per hour of sleep （events/hour）;
（2） EMG level during each event onset ;
（3） Duration of each event （sec）.

5. Experimental procedure & tasks
Experiment 1 investigated the event profi les of 3 

bruxism and 3 non-bruxism subjects. The selected 
subjects were required to collect the data at their 
homes for 3 nights, and the masseter EMG results 

（event incidence, EMG level at event onset, and 
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bruxist and non-bruxist groups using Welch’s t-test. 
Intergroup comparison of EMG levels at event onset 
and duration was done using the Mann-Whitney 
U-test, and interday comparison of individual subjects 
was performed using the Kruskal-Wallis test followed 
by multiple comparison testing using the Steel-Dwass 
method. The correlation between the EMG level 
and duration was analyzed using Spearman’s rank 
correlation test.

In experiment 3, event incidence was analyzed 
using ‘between-subjects’ and ‘among-3-appliance-
conditions’ （i.e. no appliance, thick plate, SP） 2-way 
repeated measures ANOVA. This was followed by 
Bonferroni multiple comparison testing. The EMG 
levels at event onset and duration were analyzed 
using the Kruskal-Wallis test followed by multiple 
comparison testing using the Steel-Dwass method. 
Furthermore, the correlation between the EMG level 
and duration was analyzed using Spearman’s rank 
correlation test.

duration）, as well as the correlation between EMG 
level and duration, were compared between the 2 
groups.

Experiment 2 compared the SB-inhibiting effects 
of the 3 oral appliances （thick plate, thin plate, and 
SP） based on event incidences when the appliances 
were worn and when they were removed. This 
experiment selected 2 of the bruxist group subjects 
from experiment 1 who had the highest bruxism event 
incidence. The event incidence data from each device 
were collected for each subject on 2 diff erent days at 
least 2 weeks apart.

Experiment 3 gathered data on the thick plate and 
SP appliances （which had a signifi cant SB-inhibiting 
eff ect in experiment 2） from 5 bruxists on 2 diff erent 
days and compared them according to event incidence, 
EMG level at event onset, and correlation between 
EMG level and duration.

6. Analytical procedure
Experiment 1 analyzed the event incidences of the 

Thin plate

Thick plate

SP

Resin-based palatal plate covering the entire area 
from the deepest part of the palate to the cervical 
region using the same positions as the thin plate.

Resin-based maxillary stabilization splint

Resin-based palatal plate with 1.5-mm 
palatal thickness anteriorly and laterally 
aligned with the teeth and posteriorly 
consistent with the line connecting the distal 
region of the rearmost teeth

Fig. 2 Oral appliances
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Results

1. Experiment 1
1） Event incidence

The average event incidence per hour of sleep （3 
days） was 7.2-9.7 times in the non-bruxist group and 
7.6-28.0 times in the bruxist group （Fig. 3）.

Analysis of event incidence using Welch’s t-test 
revealed that the bruxist group had signifi cantly more 
events （20.5 ± 11） than the non-bruxist group （8.2 ± 
3.1） （p < 0.05）.
2） Muscle activity during event onset

（1） EMG level
The EMG muscle activity level of each subject during 

event incidence is shown in histograms prepared based 
on a class-interval of 10% MVC （Fig. 4）.
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Events in both the non-bruxist group and bruxist 
group occurred most often at 20-30%MVC, with the 
number of events tending to decline as the EMG level 
increased. While 1 subject in the non-bruxist group 
0（N-1） showed a high level of muscle activity on 
day 1 at 90-100% MVC, even subjects in the bruxist 
group, such as B-1 on day 1, had a relatively low level 
of muscle activity at  50% MVC. The results of the 
Mann-Whitney U test did not indicate any signifi cant 
intergroup diff erence in EMG levels at event onset. 
Kruskal-Wallis testing of between-day variation of 
individual subjects revealed a signifi cant diff erence in 
2 bruxist subjects （B-1 and B-2） （p < 0.05）.

（2） Duration
The duration of muscle activity of each subject 

during event incidence is shown in histograms prepared 

based on a class-interval of 0.5 seconds （Fig. 5）.
The most common duration of muscle activity in 

both the non-bruxist group and bruxist group was 
0.25-0.75 seconds, with muscle activity subsequently 
declining as duration increased. The Mann-Whitney 
test results showed no signifi cant intergroup diff erence. 
Kruskal-Wallis testing of between-day variation of 
individual subjects showed a signifi cant diff erence in 2 
bruxists （B-1 and B-2）, as for the EMG levels （p < 0.05）.
3） Correlation between duration of muscle activity 
during event onset and EMG levels. The correlation 
between duration of muscle activity during event 
onset and EMG level is shown for each subject in Fig. 6.

The results of Spearman’s rank correlation test 
demonstrated that the correlation coefficient r was 
distributed between 0.32 and 0.45 in the non-bruxist 
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group and between 0.31 and 0.59 in the bruxist group, 
all of which were signifi cant.

2. Experiment 2
1） Event incidence

The event incidences （events/hour） when not 
wearing any oral appliance and when wearing the 3 
types of appliances are shown for each subject in Fig. 7.

The average event incidence was greatest when no 
appliance was worn （30 events/hour）, followed by the 
thin plate （22.1 events/hour）, SP （18.9 events/hour）, 
and thick plate （10.1 events/hour）.

3. Experiment 3
The findings of experiment 2 demonstrated that 

wearing the thick plate or SP significantly reduced 
event incidence compared to when no appliance was 
worn and had a considerable SB-inhibiting eff ect; this 
was further examined.
1） Event incidence

The average event incidence （events/hour） of the 3 
measured instances is shown for each subject in Fig. 8. 
The event incidence was 18.9-46 events/hour when 

not wearing any appliance, 4.8-13.9 events/hour for 
the thick plate, and 11.4-29.5 events/hour for the SP. 
The results of 2-way ANOVA using the subjects and 
appliance conditions as factors revealed significant 
differences for both factors （p < 0.01）. Meanwhile, 
multiple comparison testing between appliances 
showed that thick plate and SP event incidences were 
signifi cantly lower than that of no plate, and that the 
event incidence was signifi cantly lower with the thick 
plate than with the SP （p < 0.05）.
2） EMG level

The EMG muscle activity level of each subject 
during event incidence is shown for each appliance 
condition （no appliance, thick plate, SP） in histograms 
prepared based on a class-interval of 10% MVC 

（Fig. 9）. Event incidence was greatest for all 3 
appliance conditions at 20-30% MVC, with the 
number of events tending to decline as the EMG level 
increased. The Kruskal-Wallis test results failed 
to reveal any significant differences among the 3 
appliance conditions.
3） Duration

Duration of muscle activity during bruxism 
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event onset is shown for each subject in histograms 
prepared based on a class-interval of 0.5 seconds （Fig. 
10）. Bruxism events occurred most frequently for all 3 
appliance conditions at a duration of 0.25-0.75 seconds, 
with the number of events subsequently decreasing as 
the duration increased.

The Kruskal-Wallis test results revealed signifi cant 
diff erences in event duration among the 3 appliance 
conditions （p < 0.01）, while the Steel-Dwass multiple 
comparison test results indicated that event duration 
was signifi cantly shorter when wearing the thick plate 
or SP compared to when not wearing any appliance 

（p < 0.01）.
4） Correlation between duration of muscle activity 
during event onset and EMG levels. The correlation 
between duration of muscle activity during event 
onset and EMG level is shown for each appliance in 

Fig. 11. The correlation coeffi  cients of each appliance 
condition were similar at r = 0.539 for no appliance, r = 
0.530 for the SP, and r = 0.507 for the thick plate.

Discussion

The results of experiment 1 showed that event 
incidence was significantly higher in the bruxist 
group than in the non-bruxist group, but the fact 
that many bruxists in the present study experienced 
fewer events than those reported by Mikami et al.22） 
can be attributed to the diff erent criteria used by the 
respective studies to determine bruxism, and the 
current lack of clear-cut criteria for diagnosing the 
disorder. There was also a considerable variation 
in SB incidence even in the bruxist group, with the 
low-incidence bruxists experiencing virtually the 
same number of events as their non-bruxist group 

Fig. 9 EMG muscle activity level during event onset
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counterparts. This fi nding supports the assertion of 
Rugh et al.23） that bruxists do not necessarily exhibit 
constant SB behavior every night but are instead 
prone to intermittent bouts of severe bruxism; 
this suggests that the measurements were likely 
conducted at a time when the subjects’ SB incidence 
happened to be low.

The absence of intergroup （i.e. bruxist group 
versus non-bruxist group） differences in bruxism 
EMG levels and duration in the present study diff ered 
from the fi ndings of a study by Ichiki et al.24） wherein 
the duration and amount of muscle activity varied 
between the bruxist group and the non-bruxist group 
without any observed difference in the number of 
bruxism events.

As already stated, this can also be ascribed to 
differences between the studies in terms of their 

respective event definitions, assessment criteria, 
and diagnostic standards25）. Meanwhile, a look at the 
individual subjects reveals that some had very high 
EMG muscle activity levels during event onset （80-
90% MVC） despite belonging to the non-bruxist 
group, while some had relatively low levels of muscle 
activity despite belonging to the bruxist group. This 
suggests that the non-bruxists may have engaged in 
frequent bruxism characterized by clenching of the 
jaw in the vicinity of the intercuspal position despite 
not being aware of it or exhibiting any other signs of 
the disorder26）. On the other hand, the fact that bruxist 
subjects had masseter muscle fatigue upon waking 
despite low bruxism frequency and EMG levels 
suggests that bruxers with low muscle contraction 
frequency are more likely to complain of masseter 
muscle pain and fatigue than those with high muscle 
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Fig. 10 Duration of muscle activity during event onset **: p < 0.01
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contraction frequency, as reported by Rompre et al.27）.
Next, the study fi ndings showed that the EMG level 

during event onset and duration of muscle activity 
diff ered between measurement days for some bruxist 
group subjects but not for others. A study by Clark 
et al.28） also discovered day-to-day fluctuations in 
the EMG levels of bruxism patients monitored for 
10 consecutive days, while a study by Reding et al.29） 

found day-to-day fluctuations in bruxism muscle 
activity and described the need for daily monitoring. 
Furthermore, a study by Baba et al.30） that measured 
forceful tooth-to-splint contacts of bruxers for 5 
consecutive nights found that the average duration of 
bruxism events per hour varied from day to day by 
200% or more.

On the other hand, if we extrapolate Rugh et al.’s31） 

fi nding that bruxism is strongly infl uenced by daily 

mental stress, the lack of day-to-day fl uctuations in 
muscle activity among some patients may have been 
due to them having performed the measurements on 
days when their physical and mental state was close 
to normal and free of anxiety, stress, or frustration.

Moreover, the correlation between EMG level and 
duration of muscle activity during event onset was 
significantly positive for all subjects. Okura et al.32） 

also reported a correlation between bruxism event 
duration and peak %MVC, and that absolute muscle 
activity increased in conjunction with prolonged 
bruxism events. Ware et al.33） asserted that defensive 
reactions to harmful stimuli generally decline 
during REM-stage sleep, so that although muscle 
contractions should not occur, bruxism also happens 
during REM sleep and is likely to exert a destructive 
effect on the body. Taking all of these points into 
account, we can surmise that an increase in prolonged 
REM-stage events or high EMG level events has a 
major impact on stomatognathic tissues, given the 
correlation between the two.

In experiment 2, although only 2 subjects were 
monitored, the oral appliance with the greatest SB-
inhibiting effect was the thick plate, followed by 
the SP, while the thin plate was the least eff ective. 
Similarly, a study by Minagi et al.11） on the therapeutic 
eff ects of palatal appliances of varying thicknesses on 
patients with myofascial pain reported that a thick 
palatal appliance corresponding to the thick plate of 
the present study was the most eff ective.

As in experiment 1, the incidence of SB events 
for the 5 bruxist subjects in experiment 3 when 
not wearing any oral appliance （18.9-46.0 events/
hour） was often lower than the bruxist group 
incidences reported by Lavigne et al.25） and Mikami 
et al.22） Although this is conceivably due to the above-
mentioned reasons, there is a need to clarify the 
criteria for evaluating bruxism, as well as the 
defi nition of bruxers.

In any case, bruxers clearly have a higher incidence 
of bruxism events than their non-bruxer counterparts, 
and the resulting impact on their stomatognathic 
system cannot be overlooked.

Clinical treatment of bruxism typically involves 
splint therapy of the occlusal surfaces. However, while 
a stabilization splint that inhibits SB15） reportedly 
reduces nocturnal muscle activity, it is not necessarily 
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eff ective in all patients12）. A separate study by Harada 
et al. found that stabilization splints are effective 
in treating bruxism, but the effects decreased 
over time34）. A systematic review by Fricton on 
the types of symptoms that intraoral splints are 
effective in treating confirmed that stabilization 
splints were particularly effective in remedying 
strong temporomandibular disorder （TMD） pain35）. 
In addition, a study by Baba et al.36） reported that 
stabilization splint therapy cannot eliminate bruxism 
but can at least protect the teeth from attrition and 
reduce TMJ pressure, which suggests that it is 
currently the first-line treatment for SB in TMD 
patients.

Accordingly, the effects of stabilization splints in 
treating TMD have generally been acknowledged in 
recent years.

On the other hand, a study by Greene et al.14） found 
that wearing a palatal splint with no occlusal contact 
elicited a complete response in 40% of myofascial 
pain syndrome patients, while a study by Minagi et 
al.11） reported that a palatal splint that fi lled the entire 
palate was very effective in inhibiting nocturnal 
occlusal muscle activity. However, there are also 
studies that reject these purported effects13）, and 
although some previous studies deny the benefi ts of 
both stabilization and palatal splints, the results of the 
present study imply that both the thick plate and SP 
are eff ective in inhibiting bruxism.

Ichiki et al.37） investigated the eff ects of a stabilization 
splint and a control splint that does not cover the 
occlusal surfaces on bruxism and found that wearing 
either splint was eff ective in reducing bruxism in all 
patients, regardless of their shape.

The present study did not find any significant 
diff erences between the thick plate and SP in terms of 
EMG levels and duration of muscle activity, but event 
incidence was clearly lower when wearing the thick 
plate than when wearing the SP, suggesting that the 
thick plate had a greater SB-inhibiting eff ect than the 
SP appliance.

Incidentally, the fitted SP inhibits bruxism by 
stretching the occluded muscle spindles during biting 
compared to when no appliance is worn. Even if the 
contraction force of occluded muscles is equal, the 
amount of muscle information transmitted to the brain 
presumably increases, making it possible to acquire 

the same amount of kinesthetic information that 
would be expected from a weaker bite38）. Moreover, it 
is conceivable that the thick plate reduced bruxism by 
inhibiting the mandibular movements accompanying 
the disorder as a result of diminished tongue activity 
owing to stimulation of the back of the tongue by 
the plate’s base portion, which is in turn caused by 
narrowing of the tongue space39）.

Conclusions

The following 5 conclusions can be drawn as a result 
of examining the eff ects of 3 types of oral appliances in 
inhibiting sleep bruxism.

The incidence of bruxism events （events/hour） was 
higher in the bruxist group than in the non-bruxist 
group, but there was no signifi cant diff erence between 
the 2 groups in terms of EMG level and duration of 
muscle activity during event onset.

A comparison of the incidence of bruxism events 
when not wearing an oral appliance and when wearing 
the 3 types of appliances （thin plate, thick plate, SP） 
showed that the incidence decreased when wearing 
any of the 3 appliances relative to when no appliance 
was worn. Furthermore, a comparison of the event 
incidences of the 3 appliances demonstrated that the 
thin plate had the highest event incidence.

Comparing the incidence of bruxism events when 
not wearing an oral appliance and when wearing an 
oral appliance （thick plate, SP） revealed a decline in 
the event incidence with both appliances relative to 
when no appliance was worn. Furthermore, comparing 
the event incidences of the 2 appliances indicated that 
the thick plate had a lower event incidence than the 
SP. There was no diff erence between the appliance 
conditions in terms of EMG levels during event onset, 
and the duration of muscle activity was shorter when 
wearing the thick plate or SP than when not wearing 
any appliance.

Significant correlations between EMG level and 
duration of muscle activity during bruxism event 
onset approaching 0.5 were observed for all oral 
appliance conditions （i.e. no appliance, thick plate, SP）.
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