
INTRODUCTION

SLEEP BRUXISM IS DEFINED AS A STEREOTYPED MOVEMENT
DISORDER CHARACTERIZED BY TOOTH GRINDING DURING
SLEEP AND HAS BEEN PLACED IN THE PARASOMNIA SEC-
TION ACCORDING TO THE INTERNATIONAL CLASSIFICATION
OF SLEEP DISORDERS.1 Bruxism has also been considered to be a
parafunction2 because it afflicts approximately 10% of the general pop-
ulation, causing abnormal tooth wear, fracture, and hypersensitivity;
masticatory muscle discomfort; and pain or temporomandibular disor-
ders.3,4 However, the mechanism that generates bruxism remains
unknown. 

In order to study sleep bruxism, Lavigne et al5-7 focused their atten-
tion on rhythmic masticatory muscle activity (RMMA) during sleep. In
patients with bruxism, approximately 90% or more of sleep bruxism
episodes are RMMA episodes.5-7 Rhythmic masticatory muscle activity
is also commonly observed in normal healthy subjects, but its frequen-
cy in normal subjects is significantly lower than in patients with brux-
ism.5-7 In addition, it has been recently reported that RMMA is sec-
ondary to micro-arousal6,8,9; RMMA often occurs in the supine position
and is often associated with swallowing during sleep.7

Interestingly, among various phenomena occurring during sleep in
humans, nocturnal gastroesophageal reflux (GER) has been found to be
closely associated with sleep arousal such as micro-arousal,10,11 supine
position,12 and swallowing for esophageal lubrication (ie, acid clear-
ance).11,13-15 Furthermore, sleep bruxism and GER are known to have
several common features. For example, sleep bruxism and GER have
been separately reported to be more prevalent in children than in
adults3,16; bruxism and GER disease (GERD) also have separately been
reported to be associated with obstructive sleep apnea,17,18 smoking,18,19

drinking of coffee18,20 and alcohol,18,21 and psychologic stress.18, 22 In
addition, the concordance rate for sleep bruxism in monozygotic twins
has been reported to be higher than in dizygotic ones,23 and a similar
finding has also been reported for GERD. 24

The purpose of this study was to test the hypothesis that nocturnal
bruxism is associated with nocturnal GER by examining the relationship
between RMMA and GER episodes and by performing a double-blind,
placebo-controlled, clinical trial with a gastric–acid-inhibiting drug (ie,
a drug commonly used for the treatment of GERD). 

METHODS

Subjects

Ten patients with bruxism (Bruxism group: mean age, 27.0 years ± 7.0
years; 5 men and 5 women; mean height, 168.0 cm; mean weight, 59.1
kg) were recruited based on the following conditions: a history of tooth-
grinding occurring more than 3 times a week for at least 6 months, jaw
muscle fatigue or discomfort in the morning, and the presence of tooth
wear.1 They were then examined by use of an electromyogram (EMG)
recording system along with a video recorder in their home. They were
diagnosed as having bruxism according to 3 criteria: more than 4 brux-
ism episodes per hour, more than 25 EMG bursts per hour, and more
than 2 tooth-grinding sounds per night.25 The diagnosis remained con-
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stant over time for all subjects.26

Ten healthy volunteers (Control group: mean age, 26.4 years ± 4.7
years; 6 men and 4 women; mean height, 165.0 cm; mean weight, 60.4
kg), without any of the aforementioned clinical findings, were also
recruited as controls to be matched with the bruxism patients. They were
also examined and found not to have bruxism, according to the same cri-
teria.25

None of the above subjects had any history or signs of sleep or medi-
cal disorders. None were taking any medication influencing sleep, motor
activity, gastric acid secretion, or salivary secretion nor did any have
GERD symptoms such as heartburn. All subjects participated after pro-
viding informed written consent according to a protocol that had been
reviewed and approved by the Institutional Review Board.

Equipment

For assessment of the nocturnal RMMA episodes, a portable teleme-
ter EMG recording system (PC Card Recorder DR-C2, TEAC
Instruments Corporation, Kawasaki, Japan) and disposable bipolar sur-
face electrodes (12-mm diameter, blue sensor N-00-S, GE Market,
Tokyo, Japan) were used. It is already known that both anterior tempo-
ral and masseter muscles show higher EMG bursts on each side during
bruxism or RMMA episodes and that many electrodes and cables may
restrict the sleeping position,27 which is closely associated with the fre-
quency of RMMA episodes.7 In addition, it has been reported that a 1-
channel portable EMG recorder allows full detection of RMMA
episodes if the sampling frequency is equal to or more than 128 Hz or if
the threshold is more than 10%.28 Therefore, the EMG from the unilat-
eral anterior temporal muscle, which is mostly responsible for the move-
ment of the mandible,29 was recorded at a sampling frequency of 1 kHz.
The recording of the EMG was conducted on the side opposite to that on
which facial contact with the pillow was more frequent in each subject.
Audio-video recording of jaw movement was made for scoring RMMA
episodes.7,25

To assess the nocturnal GER episodes, we adopted a conventional
reliable method.30,31 In terms of equipment, we used a standard 24-hour
ambulatory portable esophageal pH-metric and manometric system,
equipped with a disposable pH probe with a 2-mm external diameter and
a manometric probe with a 4-mm external diameter (Micro Digitrapper
4Mb Flisuh Series, Zinetics 24 pH Catheter, and Konigsberg Solid State
Catheter, respectively, Medtronic Functional Diagnostic A/S,
Skovlunde, Denmark). Firstly, the position of the upper limit of the
lower esophageal sphincter was manometrically defined. The position
was then pH-metrically confirmed.30 Finally, the pH electrode was
passed through a nostril and placed 5 cm above the upper limit of the
lower esophageal sphincter.31 The sampling frequency was 4 Hz. 

Data Recording

Each subject ate the same designated food and drank a 500-ml bottle
of water 4 hours before going to bed. Smoking and drinking of alcohol
and coffee were prohibited during the day of the experiment. The tem-
poral muscle activity, pH in the lower esophagus, and audio-video data
were recorded simultaneously in the home of each subject from approx-
imately 11:00 PM until 7:00 AM or until the time when the subject
awoke, on 2 successive nights. The first night was used for adaptation to
the aforementioned equipment. Data from the second night were used
for the diagnosis of bruxism and for study analysis. In order to discrim-
inate RMMA episodes from other orofacial activities, we recorded base-
line values prior to sleeping in the supine position for the following mea-
surements: maximum voluntary clenching of the teeth for 1 second,
tooth tapping, coughing, lateral and vertical head movements, and sali-
va swallowing.7,25 All of these activities were repeated 3 times. 

Next, these subjects participated in a double-blind, placebo-con-
trolled, clinical trial to examine the effect of 1 tablet (10 mg) of rabepra-
zole (sodium rabeprazole, Esai Co., Ltd, Tokyo, Japan) on nocturnal
RMMA. This gastric–acid-inhibiting drug is a relatively new proton

pump inhibitor (PPI). Simultaneous recording of temporal muscle activ-
ity and audio-video data was performed in the home of each subject on
2 separate nights from 11:00 PM until 7:00 AM, or until the time when
the subject awoke. Smoking and drinking of alcohol and coffee were
prohibited during the day of the experiment. Each subject ate the same
designated food and drank a 500-ml bottle of water 4 hours before going
to bed. On 1 of the nights, a PPI tablet was given to each subject 2 hours
before sleep. On the other night, a placebo tablet was given to each sub-
ject. The order of administering the PPI and placebo was randomly
determined. The washout period was 1 week. Both subjects and experi-
menters were blind to the contents of the tablets of inactive and active
medication, which were identical in appearance. Prior to sleeping, base-
line values were also recorded. In this study, a single dose of medication
at night was adopted because all subjects were healthy adults without
GERD symptoms and because the administration of a single dose of
rabeprazole before sleep is known to significantly increase the intragas-
tric pH.32 The time medication schedule was determined based upon the
pharmacokinetics of the drug (ie, the concentration of this drug in the
blood reaches its highest value approximately 2 hours after the medica-
tion is ingested).33 In fact, according to a preliminary study, the frequen-
cy and percentage of time of GER episodes decreases after the adminis-
tration of such a single dose. 

Data Analysis

The first and last hour of data were excluded from the analysis
because, according to audio-video data and interviewing of the subjects,
there was a possibility that subjects were awake during this time. The
EMG data were full-wave rectified and averaged with a moving interval
of 1 millisecond and a window time of 19 milliseconds.34 The muscle
activity during sleep was normalized by the amplitude during the maxi-
mum voluntary clenching of teeth in each subject. The RMMA episodes
were scored based on research criteria that have been previously report-
ed.25 The research criteria were as follows: EMG bursts with amplitudes
that were more than 10% of the amplitude during maximum voluntary
clenching of the teeth were selected.5 The phasic type of bruxism
episode corresponded to at least 3 bursts of 0.25- to 2.0-seconds duration
with less than 3.0-seconds separation, and the tonic type of bruxism
episode corresponded to a single burst lasting more than 2.0 seconds.
The mixed type of bruxism episode consisted of both phasic and tonic
types. Phasic and mixed types of bruxism episodes were selected as
RMMA episodes.5-7 We used the frequency and duration per episode of
RMMA episodes as parameters because it was reported that the fre-
quency remained constant in the range of coefficient of variation of 25%
over time for all subjects26 and that the duration per episode also
remained constant.5-7

Episodes of GER were scored by using a conventional method.30,31 In
this study, a pH of 5.0 was also adopted as a cut-off value for this episode
in addition to a pH of 3.0 and 4.0 because all participants in this study
were healthy adults without GERD symptoms.35,36 The minimum dura-
tion for GER episodes was defined as 30 seconds.37 We used the number
of GER episodes per hour (ie, frequency) and the percentage of time of
GER episodes because these parameters have been reported to be repro-
ducible and reliable.30,31 The time relationship between RMMA and
GER episodes was analyzed. Both nocturnal RMMA and GER episodes
were automatically detected by means of a bruxism and gastroe-
sophageal reflux analyzing software (MTS50011, Medical Try System,
Tokyo, Japan). The RMMA episodes were confirmed from audio-video
data.7,25

Statistical Analyses

For all data, normality testing was performed using the χ2 test. If a
hypothesis that the distribution of data showed a normal one was reject-
ed (P<0.05), we used a nonparametric test; otherwise, a parametric test
was used. For comparisons between groups, the unpaired t-test or Mann-
Whitney U test was used according to the data distribution. For compar-
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isons within groups, the paired t-test or Wilcoxon rank-sum test was also
used. Probability levels of P < 0.05 were considered statistically signif-
icant. Tests of significance were calculated using statistical analysis soft-
ware (StatView, SPSS, Chicago, IL, USA).

RESULTS

The bruxism group showed a significantly higher frequency of noc-
turnal RMMA episodes and a higher frequency and percentage of time
of GER episodes with a pH less than 4.0 and 5.0 than did the control
group. However, there was no significant difference in the GER episodes
with a pH less than 3.0 between the groups because subjects in both
groups showed a low frequency of GER episodes with a pH less than
3.0. There were no significant differences in the recording time and
duration per episode of nocturnal RMMA episodes between the 2 groups
(Table 1). 

In 5 bruxism patients having GER episodes with a pH less than 3.0 or
4.0, 100% of the GER episodes with a pH less than 3.0 and 4.0 includ-
ed both an RMMA episode and an EMG burst with a duration of approx-
imately 0.5 to 1.0 seconds, as shown in Figure 1. All control subjects and
5 patients with bruxism had no GER episodes with a pH less than 3.0 and
4.0. The majority of GER episodes in the control and bruxism groups
with a pH of 4.0 to 5.0 also included both an RMMA episode and an
EMG burst with a duration of approximately 0.5 to 1.0 second (100 ± 0.0
% vs 70.7 ± 16.5 %). The remaining minority of GER episodes with a
pH of 4.0 to 5.0 contained only an EMG burst with a duration of about
0.5 to 1.0 seconds. 

Approximately 60% of the RMMA episodes occurred during GER
episodes with a pH less than 5.0 in 2 control subjects and 9 patients with
bruxism (57.2 ± 40.4 % vs 65.1 ± 17.1 %), although the GER episodes
with a pH less than 5.0 occupied up to only 7% of the sleeping time.
Almost all of the remaining RMMA episodes in both groups occurred
when the esophageal pH decreased rapidly, as shown in Figure 2.

The frequency of RMMA episodes after administration of the PPI
medication, which increased the gastric and esophageal pH, was signif-
icantly lower than the frequency after the administration of the placebo
medication in the control and bruxism groups. Figure 2 shows an exam-
ple in which RMMA episodes were less frequently observed, along with
a lower frequency of GER episodes after the PPI medication than after
the placebo medication. There were no significant differences in the
recording time and duration per episode of RMMA between placebo and
PPI medication in either group (Table 2).

DISCUSSION

In this study, we deleted the first and last hour of the data because we
did not examine the sleep stage38 and because the subjects might have

been awake just after going to bed and just before awakening. In fact, it
seemed that all the subjects showed stable sleep in their homes, with
eyes closed during the analysis time period, irrespective of the pH probe
through their nostril and administration of the PPI medication.
Therefore, we consider that we were able to collect reliable data during
sleep.

The bruxism patients with a higher frequency of RMMA episodes,
compared with the control subjects, showed a significantly higher per-
centage of time of nocturnal GER episodes with a pH less than 4.0, but
the mean value (1.3% ± 2.5%) was within the normal range.30

Furthermore, control subjects had no GER episodes with a pH less than
4.0. It is known that patients with GERD (eg, esophagitis) show a high
percentage of time of GER episodes with a pH less than 4.0.30,31,39 It has
been reported that the cut-off value for the diagnosis of GERD is 8.8 %
.30 Therefore, neither bruxism patients nor control subjects were diag-
nosed as having GERD in the present study, and none showed symptoms
of GERD.

Many previous epidemiologic studies have demonstrated that patients
with GERD often show excessive tooth wear,40 which is also a charac-
teristic of sleep bruxism.41 According to a recent case report, a young
adult who complained of extreme tooth hypersensitivity, tooth wear, and
bruxism was diagnosed as having GER by a gastroenterologist.42

In this study, we have revealed for the first time the causal relation-
ship between bruxism (RMMA) and GER. The main results include the
following. Most GER episodes, particularly episodes with a lower pH,
contained both an RMMA episode and an EMG burst with a duration of
approximately 0.5 to 1.0 seconds, probably representing saliva swallow-
ing.7,43 Also, RMMA episodes more frequently occurred during GER
episodes than during other sleeping time. The frequency of RMMA
episodes decreased significantly after the administration of the PPI med-
ication, which increased the gastric and esophageal pH. Furthermore, it
is known that nocturnal GER, in which chemoreceptors in the esophagus
are stimulated by acid or hydrogen ions,44 often causes sleep arousal
such as micro-arousal (ie, a rapid short shift in electroencephalogram
frequency characterized by theta, alpha, or fast-frequency waves during
sleep).10-12,45,46 It is also known that sleep arousal often causes
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Table 1—Nocturnal rhythmic masticatory muscle activity and gastroe-
sophageal reflux episodes*

Variables Control group Bruxism group 
(n=10) (n=10)   

Recording time (h) 6.1 ± 0.9 6.0 ± 1.6  
RMMA episode    

Frequency (times/h) 2.4 ± 0.9 6.7 ± 2.2‡

Duration per episode (s) 10.4 ± 2.2 11.7 ± 3.8  
GER episode 

pH < 3.0    
Frequency of episodes (times/h) 0.0 ± 0.0 0.1 ± 0.3 
Percentage of time (%) 0.0 ± 0.0 0.7 ± 1.6  

pH < 4.0    
Frequency of episodes (times/h) 0.0 ± 0.0 0.5 ± 0.9†

Percentage of time (%) 0.0 ± 0.0 1.3 ± 2.5†

pH < 5.0    
Frequency of episodes (times/h) 0.1 ± 0.3 3.6 ± 1.6‡

Percentage of time (%) 0.0 ± 0.0 7.4 ± 12.6‡

*Data are given as mean ± SD; RMMA indicates rhythmic masticatory muscle activity;
GER, gastroesophageal reflux.
† P<0.05; ‡ P<0.01 (Unpaired t-test or Mann-Whitney U test)

Figure 1—An example of traces of intraesophageal pH (Top) and normalized temporal
muscle activity (Bottom) measured in a bruxism patient for 40 minutes, starting approxi-
mately 3 hours after the subject went to bed. The cut-off values to determine the gastroe-
sophageal reflux (GER) episode were a pH of 3.0, 4.0, and 5.0 (upper dashed lines), and the
cut-off value to determine the rhythmic masticatory muscle activity (RMMA) episode was
10% (lower dashed line). During the first 20 minutes with a stable high pH in the esopha-
gus, no RMMA episodes were observed. On the other hand, during the last 20 minutes con-
taining a GER episode, 5 RMMA episodes and other high electromyographic bursts were
observed. Audio-video data confirmed that the subject was not awake during the analysis
period. The sampling frequency of 4 Hz for the pH and 1 kHz for the electromyogram was
reduced to 1 Hz to draw these traces.
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RMMA6,8,9 and swallowing during sleep.11,13-15 It was recently reported
that a swallowing event often occurs during nocturnal RMMA episodes,
particularly during the last part of the episode.7 Therefore, it is suggest-
ed that nocturnal bruxism may be secondary to nocturnal GER, occur-
ring via sleep arousal, often together with swallowing.

It is generally considered that gastric acid in the esophagus due to
GER during sleep is mainly cleared by primary peristalsis, caused by
saliva swallowing, and secondary peristalsis that is considered to be
important during sleep47 because the swallowing frequency during sleep
decreases to approximately one tenth of that during wakefulness.48-50

Saliva swallowing is important in lubricating the esophagus, pharynx,
and mouth11,13-15 because saliva contains both bicarbonate ions, which

play an important role in neutralization of acid,51 and epidermal growth
factor, which is important in the esophageal protective mechanism.52

Furthermore, it has been shown that salivary flow and bicarbonate ion
concentration increase with decreasing esophageal pH, particularly
when esophageal pH is less than 1.8.53 The results of the present study
showed that RMMA episodes were frequently observed with decreasing
esophageal pH, particularly when esophageal pH is less than 3.0 or 4.0,
often together with possible saliva swallowing. Therefore, the increase
in salivation and RMMA may be associated with each other, but the
physiologic link remains to be elucidated. 

Acid stimulation in the esophagus,54 gustatory stimulation by acid in
the mouth,55 and pressure stimulation of mechanoreceptors in the peri-
odontium around the teeth during mastication have all been well estab-
lished as causes of stimulation of salivary secretion during wakeful-
ness.56-59 In fact, previous epidemiologic studies have shown that GERD
frequently occurs in older persons60,61 who have lost much sensation via
periodontal mechanoreceptors due to the loss of a large number of
teeth.61,62 The threshold of pressure stimulation to periodontal
mechanoreceptors of teeth has been reported to be approximately 5% of
the comfortable chewing force.60,62 The cut-off value of EMG amplitude
for RMMA is known to be 10% of the amplitude during maximum vol-
untary clenching of the teeth.5 Therefore, there is a possibility that the
pressure stimulation of periodontal mechanoreceptors caused by RMMA
may stimulate salivary secretion during sleep as well as during wakeful-
ness. However, it remains unknown as to whether RMMA stimulates the
salivary secretion during sleep. 

According to the results of previous randomized, double-blind, place-
bo-controlled, clinical trials of the effect of medicine on sleep bruxism,
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Figure 2—An example of traces of intraesophageal pH and normalized temporal muscle activity for 4 successive hours (excluding the first hour after going to bed) in a subject. Left: after
placebo medication, Right: after administration of a proton pump inhibitor (PPI) (ie, a gastric–acid-inhibiting drug) medication. The rectangular marks show nocturnal gastroesophageal reflux
(GER) episodes with a pH less than 5.0 (upper dashed line) and rhythmic masticatory muscle activity (RMMA) episodes. The frequency of GER and RMMA episodes with PPI medication
were lower than those with placebo medication. Irrespective of the drug treatment, high electromyographic (EMG) bursts such as an RMMA episode and relatively low EMG bursts, proba-
bly representing saliva swallowing, occurred during the GER episode or when the intraesophageal pH decreased rapidly (see vertical arrows). During the time period from approximately 10
to 60 minutes with a continuous low intraesophageal pH, many EMG bursts with more than 10% amplitude (lower dashed line) including 4 RMMA episodes were observed with the admin-
istration of a placebo medication (see horizontal arrows). Audio-video data confirmed that the subject was not awake during the analysis period. The sampling frequency of 4 Hz for the pH
and 1 kHz for the EMG was reduced to 1 Hz to draw these traces.

Table 2—Nocturnal rhythmic masticatory muscle activity episodes
after administration of placebo and proton pump inhibitor medication*

Variables Control group Bruxism group 
(n=10) (n=10)  

Placebo medication        
Recording time (min) 5.5 ± 0.9 6.0 ± 0.9     
Frequency (times/h) 1.9 ± 3.2† 6.0 ± 2.2†‡

Duration per episode (s) 9.4 ± 2.8 10.2 ± 4.4  
PPI medication 

Recording time (min) 5.8 ± 0.9 5.9 ± 0.9     
Frequency (times/h) 1.0 ± 0.6† 3.7 ± 1.9†‡

Duration per episode (s) 9.4 ± 3.8 9.2 ± 4.4  

*Data are given as mean ± SD. 
†P<0.01 (Paired t-test or Wilcoxon rank sum test)
‡P<0.01 (Unpaired t-test or Mann-Whitney U test)
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it has been reported that the use of tricyclic antidepressant amitriptyline
is not effective63 but that the catecholamine precursor L-dopa is effec-
tive.64 However, in more than 50% of cases examined in that study, the
rate of decrease in the frequency of bruxism episodes was less than the
day-to-day variability (ie, 25% coefficient of variation).26 In the present
study, the mean rate of decrease in the frequency of bruxism episodes
with the administration of the PPI medication was approximately 40%
(ie, higher than the variability).5 Therefore, we consider that a PPI (ie, a
gastric–acid-inhibiting drug) may be a more effective drug to reduce the
frequency of bruxism episodes than L-dopa. 
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