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1. Introduction

Tooth wear, caused by attrition, erosion, and abrasion, is regard-
ed as the surface loss of dental hard tissues[1]. Although tooth wear 
might result from any one of these processes, it is generally consid-
ered a multifactorial process[2]. Previous studies have reported that 
tooth wear affects not only the oral cavity, such as a decrease in mas-
ticatory function[3] and oral health-related quality of life[4], but also 
affects the whole body, such as a decrease in bone density[5] and 
worsening of diabetes[6]. Additionally, tooth wear is associated with 
sleep disorders, orofacial pain, oral dryness, gastroesophageal reflux 
disease, and sleep bruxism[7].

Among the different types of tooth wear, the attrition type of 
tooth wear is featured by matching wear facets between opposing 
teeth and is reported to be associated with sleep bruxism[8]. Since 
sleep and awake bruxism are independent events that occur during 
sleep and wakefulness, respectively[9], they should be distinguished 

accordingly. Sleep bruxism is characterized by rhythmic and non-
rhythmic masticatory muscle activity during sleep, whereas awake 
bruxism is a masticatory muscle activity characterized by repetitive 
or sustained tooth contact and/or bracing or thrusting of the man-
dible during wakefulness[10]. The current gold standard method for 
the diagnosis of sleep bruxism is polysomnography with audiovisual 
recording[11]. However, polysomnography has some disadvantages 
in terms of cost, analysis time, laboratory determination, and skillful 
analysis[12,13].

Recent advances in wearable devices have enabled the evalua-
tion of awake bruxism[14–16]; electromyographic recordings can be 
used to diagnose awake bruxism during wakefulness[10]. Although 
previous studies have evaluated the association between sleep brux-
ism and tooth wear using a portable electromyographic measure-
ment system, the relationship between them remains unclear[8]. 
Additionally, no study has been conducted on the association be-
tween awake bruxism and tooth wear. This study aimed to assess 
masseter electromyographic activity during wakefulness and sleep 
in individuals with moderate or severe tooth wear compared to an 
age- and sex-matched control group with no or mild tooth wear. We 
hypothesized that there was no significant difference in masseter 
electromyographic activity during wakefulness and sleep between 
the two groups.
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2. Material and Methods

2.1. Participants

This study was conducted between December 2018 and Decem-
ber 2020. Participants were recruited from among the outpatients of 
the Clinical Division of Occlusion and Removable Prosthodontics at 
the Okayama University Hospital. All participants signed an informed 
consent document prior to the experiment. The study protocol was 
approved by the Ethics Committee of the Okayama University Hos-
pital (No. KEN1810-001). Two groups were recruited: those with mod-
erate-to-severe tooth wear (MSTW group) and those with no or mild 
tooth wear (NMTW group) (Fig. 1).

The severity of tooth wear was assessed using the occlusal 
and incisal indices of the tooth wear index (TWI)[17]. The evalua-
tion method was as follows: 0, no loss of enamel; 1, loss of enamel; 
2, exposure of dentin less than one-third of the occlusal surface or 
exposed dentin at the incisal edge; 3, exposure of dentin more than 
one-third of the occlusal surface or severely exposed dentin without 
exposure of the dental pulp or secondary dentin; and 4, complete 
loss of occlusal enamel, exposed dental pulp or secondary dentin 
at the occlusal/incisal area. The TWI consists of five levels from 0–4, 
and the higher the number of the TWI, the greater the severity of 
tooth wear[18]. One examiner (K.K.) recorded the TWI scores on the 
occlusal or incisal surfaces of all teeth, except for those undergoing 
restoration or prosthetic treatment.

The MSTW group consisted of 16 participants. The inclusion 
criteria for the MSTW group were: i) an average TWI score ≥ 2 and 
ii) one or more occlusal supporting areas on the molars by natural 
teeth or fixed prosthesis (Eichner Index A1-A3 or B1-B3)[19]. Similar to 
the MSTW group, the NMTW group consisted of 16 participants. The 

inclusion criteria for the NMTW group were: i) an average TWI score < 
2; ii) one or more occlusal supporting areas on the molars by natural 
teeth or fixed prosthesis (Eichner Index A1-A3 or B1-B3); and iii) sex-
matched to the MSTW group and up to one year of age difference 
with each participant in the MSTW group. Removable denture wear-
ers were included in both groups if the inclusion criteria (number ii) 
were satisfied.

The exclusion criteria for the MSTW and NMTW groups were as 
follows: i) a history of orthodontic treatment, ii) a history of reflux 
esophagitis, iii) frequent consumption of acidic foods, iv) systemic 
diseases related to tooth wear, or v) temporomandibular disorders.

The sample size of 15 participants in each group was deter-
mined from the results of a previous study[20]. The calculation was 
performed using G*Power version 3.1.7 [α = 0.05, (1-β) = 0.8, effect 
size = 0.8].

2.2. Electromyographic Data recording

Interviews with the participants confirmed that they met all the 
inclusion criteria and none of the exclusion criteria. Prior to electrode 
attachment, the skin was wiped with 70% ethyl alcohol. The elec-
trode was attached to the left masseter muscle as described in previ-
ous studies[15]. Electromyographic recordings were performed using 
differential surface electrodes with three disposable Ag/AgCl surface 
electrodes (SMP-300, Mets) with center-to-center distances of 8 mm. 
The electrodes were secured to the buccal skin using a thin biocom-
patible adhesive tape (Cathereep FS 1010; Nichiban Co. Ltd., Tokyo, 
Japan). Electromyographic recordings were performed throughout 
the day and night (from one morning to the next) until the partici-
pants woke up. The hardware used for the electromyographic re-
cording consisted of an analog signal processing and differential am-
plification integrated hybrid circuit (NB-6201HS; Nabtesco Co., Kobe, 
Japan), which included 10 Hz high-pass and 1000 Hz low-pass filters, 
and a two-channel digital recorder (ICR-PS004 M; Sanyo Electric Co., 
Ltd., Osaka, Japan). A voice-operated trigger switch was used with a 
condenser microphone attached to the skin on the neck adjacent to 
the larynx to distinguish surface electromyographic activity during 
speech and other electromyographic activity, and the signal was re-
corded on the second channel of a two-channel digital recorder. Af-
ter completing the ambulatory surface electromyographic recording 
hardware, participants were instructed to perform maximal volun-
tary clenching (MVC) three times for 2 s at intervals of 2 s. Of the three 
MVC actions, the highest signal was regarded as 100% MVC. Partici-
pants were instructed to fill in their mealtime, bedtime, and wake-up 
time on the dedicated record table, which was mailed to our depart-
ment the next day. After the explanation of the electromyographic 
recording, participants left the hospital and resumed their daily lives. 
Participants wearing removable partial dentures were instructed to 
remove them during sleep.

2.3. Data analysis

Data processing and analysis were performed in the same man-
ner as previously described[15]. The recorded electromyographic 
data in the MP3 format were processed offline, converted into a 
resource interchange file format of waveform audio (WAV), filtered 
using a notch filter (60 Hz), and then down sampled to 100 Hz. The 
masseter electromyographic activity accompanied by positive 
voice-operated trigger signals was regarded as that during speech. 
The total duration of masticatory electromyographic bursts using 
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Fig. 1. Intraoral findings of the participants. (a) An example of oral photo-
graphs in the no or mild tooth wear (NMTW) group. (b) An example of oral 
photographs in the moderate-to-severe tooth wear (MSTW) group.



thresholds of 5% and 20% MVC was calculated. Phasic episodes, 
tonic episodes, and mixed episodes were analyzed using a threshold 
of 20% MVC according to a previous study[21]. Each episode was cal-
culated separately and divided into wakefulness and sleep. All elec-
tromyographic data were analyzed in a blinded condition so that the 
TWI score of each participant was undisclosed.

2.4. Statistical analysis

The Shapiro-Wilk test was used to test the normality of the data. 
Descriptive statistics are represented as the mean ± standard devia-

tion for continuous variables and frequency. Welch’s t-test was used 
to compare the variables with a normal distribution. The Mann-Whit-
ney U test was used to compare continuous variables with a non-
normal distribution. The level of significance was set at 5% (p<0.05) 
in this study. All data analysis were performed using a statistical soft-
ware package (BellCurve for Excel, Social Survey Research Informa-
tion Co., Ltd, Tokyo, Japan).

3. Results

The participant characteristics are presented in Table 1. The 
mean ages of the NMTW and MSTW groups were 71.75 ± 7.61 years 
and 71.69 ± 7.49 years, respectively (p=0.98). The mean TWI score of 
the MSTW group (2.83 ± 0.54) was significantly higher than that of the 
NMTW group (1.44 ± 0.24) (p<0.001). The mean number of remaining 
teeth was 23.94 ± 3.73 in the NMTW group and 22.44 ± 3.14 in the 
MSTW group (p=0.23). The total duration of the masticatory elec-
tromyographic activity, except chewing and speech, was analyzed 
separately for wakefulness and sleep (Fig. 2). The total durations of 
masticatory electromyographic activity during wakefulness using a 
threshold of 5% MVC were 6.44 ± 4.52 min/h and 13.62 ± 10.08 min/h 
for the NMTW and MSTW groups, respectively (p=0.048). The mean 
total durations of masticatory electromyographic activity during 
sleep using a threshold of 5% MVC were 8.08 ± 15.68 min/h and 9.56 ± 
12.58 min/h for the NMTW and MSTW groups, respectively (p=0.109). 
The mean total durations of masticatory electromyographic activity 
during wakefulness and sleep using a threshold of 20% MVC were 
1.08 ± 1.70 min/h and 1.05 ± 3.02 min/h, respectively, in the NMTW 
group, and 4.78 ± 6.37 min/h and 1.61 ± 1.79 min/h, respectively, in 
the MSTW group (p=0.048 and p=0.003, respectively).

Figure 3 shows the total duration of phasic, tonic, and mixed 
electromyographic activity per hour using a threshold > 20% MVC. 
The MSTW group had significantly longer phasic and tonic episodes 
than the NMTW group (p=0.042 and p=0.028, respectively). Phasic 
and tonic episodes were significantly longer in the MSTW group 
than in the NMTW group during sleep (p=0.027 and p=0.001, re-
spectively); however, there was no significant difference between 
the two groups during mixed episodes of wakefulness and sleep 
(p=0.110 and p=0.104, respectively). The receiver operating charac-
teristic (ROC) curve was used to estimate the cut-off value needed to 
diagnose severe tooth wear. Figure 4 shows the ROC curve for dis-
tinguishing participants in the MSTW group from the NMTW group 
based on the total duration of masticatory electromyographic activ-
ity per hour using thresholds of 5% MVC and > 20% MVC. Accord-
ing to the ROC curve analysis, the optimal cutoff point at a threshold 
of 20% MVC for awake bruxism was 1.115 min/h (sensitivity=0.688, 
specificity=0.750) and that for sleep bruxism was 0.196 min/h (sensi-
tivity=0.875, specificity=0.688).

4. Discussion

This study examined the association between masseter electro-
myographic activity during wakefulness and sleep in individuals with 
MSTW compared with an age- and sex-matched control group with 
NMTW. Our results suggested that masseter electromyographic ac-
tivity increased during wakefulness and sleep as the severity of tooth 
wear was progressed. Therefore, the null hypothesis was rejected. 
To the best of our knowledge, this is the first case-control study to 
demonstrate an association between higher masseter electromyo-
graphic activity during wakefulness and sleep and increased sever-
ity of tooth wear. In particular, no study has scientifically assessed 
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Table 1. Parameter tables for mean age, number of remaining teeth, mean 
value of tooth wear index (TWI), number of participants, and Eichner's clas-
sification

NMTW group MSTW group p

Mean Age 71.75±7.61 71.69±7.49 0.98

Number of Remaining Teeth 23.94±3.73 22.44±3.14 0.23

Mean of TWI Score 1.44±0.24 2.83±0.54 <0.001

Number of Participants 16 (M:11 W:5) 16 (M:11 W:5)

Number of Eichner’s classification A1 4 1

Number of Eichner’s classification A2 2 2

Number of Eichner’s classification A3 0 3

Number of Eichner’s classification B1 4 2

Number of Eichner’s classification B2 5 3

Number of Eichner’s classification B3 1 5
M=Man, W=Woman

Fig. 2. Duration of masseter muscle activity per hour. The mean cumulative 
duration of masseter muscle activity during wakefulness with intensities of 
>5% and >20% maximal voluntary clenching (MVC) for the MSTW group is 
significantly longer than that of the NMTW group. In contrast, the mean cu-
mulative duration of masseter muscle activity during sleep with intensities of 
not >5% but >20% MVC for the MSTW group is significantly longer than that 
of the NMTW group.

Fig. 3. Duration of phasic, tonic, and mixed episodes per hour (threshold: 
>20% MVC). Phasic and tonic episodes are significantly longer in the MSTW 
group than in the NMTW group during wakefulness as well as sleep.



the relationship between awake bruxism and tooth wear due to the 
restricted environment of polysomnography, which is the gold stan-
dard method for the diagnosis of bruxism. However, our portable 
device enabled the measurement of masseter electromyographic 
activity during wakefulness and sleep with high accuracy.

The mean duration of masticatory electromyographic activity 
per hour using a threshold of 20% and 5% MVC during wakefulness 
was significantly longer in the MSTW group than in the NMTW group 
(p=0.048, p=0.048 respectively). This indicated a significant associa-
tion between awake bruxism and the severity of tooth wear, regard-
less of the intensity of masseter electromyographic activity. Interest-
ingly, as shown in Figure 2, masseter electromyographic activity 
during wakefulness with intensities of >5% MVC was significantly 
different between the two groups(p=0.048). The masseter electro-
myographic activity during wakefulness was statistically significant, 
although there was no significant difference in masseter electromyo-
graphic activity during sleep. Given these results, awake bruxism, es-
pecially with a low intensity of masseter electromyographic activity 
during wakefulness, cannot be underestimated.

Despite the intensities of electromyographic activity, awake 
bruxism has also gained attention in recent years. Our electromyo-
graphic recording system is characterized by an electrode attach-
ment only to the left masseter muscle so as not to interfere with 
daily activities and a voice-operated exchange trigger to eliminate 
conversation instead of an electrode attached to the right masseter 
muscle. In addition, this recording system had a high S/N ratio, which 
could be useful for electromyography, especially for the evaluation 
of long-sustained low-level electromyographic activity, as stated in 
our previous study[21]. Therefore, our electromyographic recording 
system enabled the evaluation of the relationship between masseter 
electromyographic activity during wakefulness, sleep, and patho-
logical conditions, such as periodontal disease[15] and occlusal bite 
collapse[16].

Many dentists have long believed that matching the wear fac-
ets between opposing teeth is an important factor for the clinical 
diagnosis of sleep bruxism. As tooth wear is a cumulative record of 
both functional and parafunctional activities, its evaluation to estab-
lish a diagnosis between current sleep bruxism and the severity of 
tooth wear remains controversial[22]. Some studies have reported 
a positive relationship between tooth wear and self-reported brux-
ism[23–25]. Previous studies using polysomnography showed that 
tooth wear was associated with a higher frequency of rhythmic mas-

ticatory muscle activity; however, it was not associated with awake 
bruxism[26,27]. The relationship between sleep bruxism and tooth 
wear in this study was similar to that reported in previous studies. 
Previous studies reported no significant correlation between the se-
verity of tooth wear and sleep bruxism[8,28].

Our study mainly included older individuals. The mean number 
of remaining teeth was more than 22 in the NMTW and MSTW group 
individuals. One of the inclusion criteria for both groups in this study 
was one or more occlusal supporting areas on the molars (Eichner 
Index A1-A3 or B1-B3), which indicated that the number of remaining 
teeth was valid considering the occlusal support. In a previous ob-
servational study targeting healthy older Japanese adults, the mean 
number of remaining teeth was 21.1 ± 0.6[29]. Furthermore, another 
study showed that the number of functional teeth in the decreased 
posterior occlusal area for older Japanese individuals was 22.2 ± 
3.5[30]. Our results are consistent with these findings, although the 
number of remaining teeth may be unusual for their age.

In general, sleep bruxism reduces with age[7,31–33], although 
our results were inconsistent with this statement. This could be be-
cause the results may depend on the differences in the age group 
and the severity of tooth wear. Our study suggests that patients with 
moderate-to-severe tooth wear may be less susceptible to age-relat-
ed reductions in sleep bruxism. Therefore, such patients may show 
higher sleep bruxism events even when they are older than those 
with no or mild tooth wear.

In this study, we used the TWI to evaluate the severity of tooth 
wear. As TWI is a simple evaluation method, it is often used in many 
studies. Some studies reported appointing a single evaluator for as-
signing the TWI score[6,34], whereas others did not report the num-
ber of evaluators used[4,35]. The evaluator of the TWI score in this 
study was fully trained in advance, but there might have been dif-
ferences in the TWI score if there were multiple evaluators. The TWI 
scores in this study were used to classify the participants into the two 
study groups. As shown in Table 1, there was a significant difference 
in the TWI scores between the two groups. Thus, there was no pos-
sibility that the group to which participants belonged would have 
changed regardless of the number of evaluators, although there 
might have been slight differences in the TWI scores assigned. There-
fore, having only one evaluator to assign the TWI score was consid-
ered appropriate for this study.

Differences in the indices used to assess tooth wear might affect 
the results of a study. In a previous study using electromyography 
and accelerometry to identify patterns of masseter muscle activ-
ity during sleep, masseter muscle electromyographic activity was 
classified into three patterns: tapping, clenching, and grinding; the 
mean values of muscle activity were 2.6%, 19.7%, and 32.8% MVC, re-
spectively[36]. This classification suggested that in the MSTW group, 
weak muscle activity during wakefulness, equivalent to tapping, was 
observed more commonly than in the NMTW group. However, many 
participants were older, and this result may not apply to younger in-
dividuals.

In this study, the intensities of >5% and >20% MVC were used as 
thresholds for the evaluation of masseter electromyographic activ-
ity; however, the maximum occlusal force was not considered. The 
occlusal force has been reported to increase with age; it remains 
nearly constant between the ages of 20 and 40 or 50 years and then 
decreases[37]. Patients with severe tooth wear are reported to have 
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Fig. 4. Receiver Operating Characteristic (ROC) curve. (a) ROC curve during 
wakefulness. (b) ROC curve during sleep.



a lower electromyographic activity of the mandibular elevation mus-
cle during maximal voluntary clenching than healthy patients[35]. 
Most of the participants in this study were older, indicating the pos-
sibility of a reduction in occlusal force and the rate of tooth wear.

In this study, electromyographic recordings were performed for 
only one day, indicating that the first night effect could not be elimi-
nated. However, a study comparing rhythmic masticatory muscle 
activity (RMMA) during the first night with that of the second night 
using polysomnography showed no first-night effect on the severity 
of RMMA frequency[38]. Additionally, the first night effect was not 
observed in a study that evaluated the masseter electromyographic 
activity over 4 consecutive nights using a portable device[39]. Fur-
thermore, Saito et al. investigated the minimum measurement time 
of masseter electromyographic activity needed to assess awake 
bruxism during wakefulness and concluded that more than to 2.5-
3.0 h were necessary for accurately measuring muscle activity[14]. 
Based on these results, a measurement time of approximately 1 d 
was considered adequate.

This study has some limitations. First, the number of participants 
in this study was small. Although the number of participants was set 
to be larger than the sample size in consideration of dropout in most 
clinical trials, all participants agreed to participate in this study. Ad-
ditionally, as this was an observational study rather than an inter-
ventional study, it was possible to recruit participants as needed. 
Considering this fact, the number of participants in this study was 
adequate, although the sample size was small. Second, a history of 
reflux esophagitis and frequent consumption of acidic foods was 
confirmed only by inquiry. According to an in vitro study using ex-
tracted teeth, an increase in dental attrition affecting the enamel 
was observed at a pH of 4.8, but not at pH 5.5[40]. Tooth wear of the 
enamel may be greatly influenced by bruxism under low pH condi-
tions, and further investigation is needed. Third, the criteria used for 
the evaluation of tooth wear were subjective and not objective. TWI 
is widely used as a method for evaluating tooth wear, although it 
cannot be quantified. Therefore, in recent years, intraoral scanners 
have been used to evaluate the degree of tooth wear[41–43]. The 
use of intraoral scanners and other methods to quantitatively assess 
the degree of occlusal wear may enable future longitudinal studies. 
Finally, we could not evaluate tooth hardness. In addition, the par-
ticipants had several prostheses. Tooth wear is related to the hard-
ness of the tooth and the type of prosthesis used[44]. Taking into 
consideration the effect of prostheses on tooth wear, the TWI score 
was evaluated except for the teeth with prostheses. However, it is of 
great significance that the difference in TWI scores affects masseter 
electromyographic activity during wakefulness and sleep, especially 
during wakefulness, regardless of the intensity. Since it is difficult to 
evaluate the hardness of teeth, further studies targeting participants 
with natural dentition without any prosthesis are needed to evaluate 
the effectiveness of tooth wear on awake bruxism and sleep bruxism.

5. Conclusion

Within the limitations of this study, our results suggest that mas-
seter muscle activity during wakefulness and sleep may be related 
to the severity of tooth wear. Thus, the assessment of masticatory 
electromyographic activity during wakefulness and sleep could be 
an important predictor of the progression of tooth wear.
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