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Abstract

The putative causes of bruxism are multifactorial and there are no definite measures for bruxism management. The

aim of this study was to evaluate the efficacy of biofeedback therapy on sleep bruxism, compared with occlusal splint.

Twenty-four volunteers with sleep bruxism were divided into two groups: the GTB group that were treated with bio-

feedback therapy (n 512) and the GTO group that were treated with occlusal splint (n 512). A mini pressure sensor

integrated with a monitoring circuit by use of a maxillary biofeedback splint was fabricated. To foster the relaxation of

the masticatory muscles and the nervous system, the wireless device received signals from bruxism events and vibra-

tions alerted the bruxer when the threshold was exceeded. Total episodes and average duration of bruxism events during

8 hours of sleep were analyzed with the monitoring program (TRMY1.0). After 6 and 12 weeks, the episodes (P 5

0.001) and duration (P , 0.05) in the GTB group declined dramatically. In contrast, there were no significant differ-

ences in the GTO group after the treatment (P . 0.05). Furthermore, the episodes had significant differences between

the GTB group and the GTO group after the same period of treatment (P 5 0.000). The results suggest that biofeedback

therapy may be an effective and convenient measure for mild bruxers, when compared with occlusal splint therapy. The

mini wireless biofeedback method may be of value for the diagnosis and management of bruxism in the future.
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Introduction

Bruxism is an oral parafunction characterized by

clenching and grinding of teeth during wakefulness

or sleep. Awake bruxism (AB), often known as tooth

clenching, is mainly associated with anxiety, life stress

including work pressure and family responsibilities
[1-4]

,

and a number of psychopathological symptoms
[5]
.

In geriatric patients, awake bruxism is frequently

observed in frontotemporal dementia, and normal
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pressure hydrocephalus which characteristically shows

frontal lobe dysfunction and can be regarded as a frontal

neurological sign of various disorders
[6]
. Sleep bruxism

(SB), which mostly occurs during night, is an oroman-

dibular behavior defined as a stereotyped movement

characterized by tooth grinding and/or clenching
[7,8]

.

According to the International Classification of Sleep

Disorders Version 2 (ICSD-2), SB is classified as a sleep

related movement disorder usually associated with sleep

arousals
[9]
. Both AB and SB may be also associated with

various movements and degenerative disorders, such as

oromandibular dystonia and Huntington9 s disease
[10]
.

The prevalence of SB in the adult population is esti-

mated to be approximately 8-10%
[11]
. The major negative

impacts of bruxism on health include tooth attrition and

destruction
[12]

; risk factors associated with increased

mechanical and/or technical complications in prostho-

dontic rehabilitation
[13]

; contribution to (not simple

cause-effect relationship) chronic masticatory myofascial

pain
[14,15]

; exacerbation of temporomandibular disorders

or induction of temporal tension headache; grinding

sounds that may interfere with the sleep of family or life

partners
[16,17]

.

Generally speaking, the putative etiology of SB has

multiple factors including genetic factors, some drugs

and medications, psychosocial factors, and central nervous

system or combined factors
[18,19]

. Information about genetic

predisposition to SB stems mostly from studies based on

questionnaires or analyses of monozygotic twin popula-

tions, some drugs (alcohol, caffeine, and tobacco) and

medications (e.g., selective serotonin re-uptake inhibitors,

benzodiazepines, and dopaminergic drugs), which have

relationship with the etiopathogenesis of SB
[20]

. At

present, sleep arousal, autonomic sympathetic-cardiac

activation, neurotransmitters and other central factors

play major roles in the genesis of SB. Psychosocial

components, such as anxiety and stress may be risk

factors for SB
[21]

. Treatment modalities for bruxism

involve reversible occlusal correction, behavioral changes

and pharmacological approaches
[22]
. The most common

method of reversible occlusal adjusting for many bruxers

is the use of occlusal appliance. However, the inherent

effect of an occlusal splint has been found to be the

protection of tooth wear rather than the alleviation of

bruxism behavior itself
[23]

. One of the behavioral

approaches is the biofeedback method for bruxism; the

efficacy has been reported by many researchers. The

majority of these devices rely on electromyography

(EMG) of the masticatory muscles
[24,25]

.

However, there are some disadvantages of EMG

biofeedback devices, i.e., the EMG signals can be

affected by electrode position, posture and skin resis-

tance. It is also difficult for bruxers to tolerate the device

well while asleep with the electrodes attached on mass-

eter and/or temporalis muscles
[26]

. So far, there is no

approach that is effective for bruxism management.

The purpose of this study is to evaluate the efficacy of

biofeedback therapy on SB via a mini wireless biofeed-

back device contrasted with occlusal splint. We sought

to determine whether the awareness of clenching or

grinding of teeth can alleviate the episodes of bruxism

behavior itself after several weeks of training and learn-

ing in bruxers.

Materials and methods

Mini wireless biofeedback device

The configuration of the proposed system used for

monitoring and vibration is shown in Fig. 1. The pres-

sure sensor (HU-101, SaiYing Electronics Technology

Development Inc. Bengbu, China) was embedded

0.5-1 mm below the surface of a maxillary biofeedback

splint (Jing Yi Denture Co. Ltd., Nanjing, China) at

Fig. 1 The mini wireless biofeedback system. The signals were transformed from the analog-to-digital converter (ADC) to microcontroller unit

(MCU1 and MCU2, MSP430F4152, Texas Instrument, USA), which has ultra lower power consumption with active mode of 200 mA, 1 Mhz and 2.2 v.
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the point contacted by the mandibular canine in the

intercuspal position. A stabilization splint, which covers

the maxillary or mandibular full dental arch, is rather

large
[11,27]

. In consideration of the bruxer9 s comfort, the

design of a biofeedback splint (Fig. 2A) is different

from a traditional anterior or stabilization splint. An

anterior splint is small and covers some of the anterior

teeth. Because the button cell (CR2025, Panasonic,

Indonesia, 20 mm62.5 mm) and mini monitoring cir-

cuit (18 mm616 mm65 mm, Fig. 2B) are designed

to be packed into the splint, it is essential to extend the

margin of the splint to the lingual surface of bilateral max-

illary premolars.

The wireless transmitter sent the signals of bruxism

events per second and the signals were received by a

watch style device. When the value exceeded the thresh-

old, as clenching or grinding of teeth occurred during

sleep, the watch vibrated to inform the bruxer of the

abnormal movement of teeth and induce voluntary

relaxation of the masticatory muscles and nervous sys-

tem (Fig. 2C and 2D).

Software for analysis of bruxism events

The software (TRMY 1.0, Nanjing Jing Tong Ren

Biological Technology Co., Ltd, Nanjing, China) was

developed in Labwindows 8.5 (National instruments,

USA). The analysis of bruxism events through the

USB of the vibration device included the value of bite

force, the occurring time (year/month/day/hour/minute/

second) and the duration in specific intervals, as show-

ing in Fig. 3.

Validation of the mini wireless biofeedback

device

The patent of the mini biofeedback device was

approved by State Intellectual Property Office of

China in 2012
[28]

. For evaluating the validity of the

device, the authors simultaneously compared the

device with polysomnography (PSG, Alice 5 Diagnostic

Sleep System, Philips Respironics. Inc, USA) in bruxers.

The PSG was provided by the Department of Oral and

Maxillofacial Surgery, Affiliated Hospital of Stomatology,

Nanjing Medical University. The sensitivity was 88.1%

and the specificity was 84.5% in detection of bruxism

events (Fig. 4A and 4B) (109 detections for PSG and

96 detections of bruxism events for monitoring device.

Bruxism was diagnosed as previously described
[21,29]

).

Experiment protocol subjects

Twenty-four outpatients with a diagnosis of SB

were recruited between December 2011 and May 2013

Fig. 2 Mini wireless biofeedback device. A: The margin of the biofeedback splint extends to the lingual surface of the bilateral maxillary second

premolars. The cavity design for placement of the pressure sensor, monitoring circuit and button cell. B: Mini-monitoring circuit

(18 mm616 mm65 mm). C: A maxillary biofeedback splint with pressure sensor, monitoring circuit and button cell embedded(left), a watch

style vibration device (right). D: A bruxer with the maxillary biofeedback splint for monitoring and the wireless vibration device. Use of photo was

permitted by the study subject.
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from the Department of General Dentistry, Affiliated

Hospital of Stomatology, Nanjing Medical University.

The subjects were assignedto the GTB group (9 females,

3 males, mean age 26.6¡5.0 years) and the GTO group

(10 females, 2 males, mean age 24.7¡5.5 years) using a

random number table.

The inclusion criteria were: bruxers between the

ages of 20-40 years, . six month history of bruxism

(according to American Academy of Sleep Medicine

(AASM) clinical diagnostic criteria for SB
[21]
) which

was confirmed by clinical examination and bed-partner

or families and no history of psychological and neurotic

diseases. Patients undergoing treatment for temporo-

mandibular disorders and patients with organic nerve

disease were excluded from the experiment. Excluded

treatments included botulinum toxin injection and/or

use of other drugs to reduce masseter and temporalis

muscle hyperactivity because of some effects that are

similar with biofeedback therapy for management of

bruxism and may interfere with the results of this study.

Enrollment of participants and the experimental proce-

dures in this study were conducted in accordance with

the Declaration of Helsinki (revised in Edinburgh

2000). All subjects signed an informed consent form

to participate in a protocol that had been approved by

the Ethics Committee of Affiliated Hospital of

Stomatology, Nanjing Medical University.

Experimental procedure

Dental impressions for each of the participants in

GTB and GTO were taken for manufacturing the max-

illary biofeedback splint designed as Fig. 2A. A base-

line of episodes, duration, and a biting force value for

each bruxer was determined without vibration during

the first three nights by setting the threshold to the max-

imum. The threshold was set to a normal value, which

was determined by using the mean value of the biting

force, calculated in specific intervals (e.g., one minute,

one hour and 8 hours) via TRMY 1.0, and the duration

of > 3s
[30]
. When the threshold was exceeded, the brux-

ers in the GTB group would become conscious of

clenching or grinding of teeth during sleep and relax

themselves via alleviating the tension of the masticatory

muscles and nervous system. In contrast, the GTO group

were treated with a maxillary biofeedback splint without

vibration by setting the threshold to the maximum value

during the treatment period. Six and 12 weeks after

therapy in each group, the episodes and duration of

bruxism events were monitored and recorded again by

use of the mini wireless monitoring device during 8

hours of sleep for data collection.

Statistical analysis

The total episodes and durations of bruxism events

during 8 hours of sleep were analyzed after 6 and 12

weeks of therapy. Within each group, the difference

between pre- and post-treatment, and the efficacy of

biofeedback therapy versus occlusal splint treatment

between GTB and GTO were assessed by univariate

ANOVA. The multiple comparisons of the post-hoc test

were performed with Tukey HSD test to determine

which groups had significant differences between and

within GTB and GTO in SPSS version 19.0 (IBM

SPSS Statistics, Chicago, IL, USA). A probability value

of P , 0.05 was considered statistically significant.

Results

Total episodes and duration of bruxism events

in GTB and GTO at the beginning

The average total episodes of bruxism events during

8 hours of sleep were 10.2¡2.8 (range, 7 to 16) times in

Fig. 3 A result sample of monitoring device. The irregular red lines demonstrate bite forces during sleep, the area between a red and blue line (the

white arrow) is the interval for analysis, the green rectangles represent episodes of bruxism events.
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GTB at the beginning. In GTO, the average total epi-

sodes of bruxism events were 11.9¡5.7 (range, 4 to

21) times. The duration of bruxism events in GTB ran-

ged from 5 to 40 seconds (mean,17.3¡9.6 s). In GTO,

the duration ranged from 6 seconds to 24 s; the average

duration was 14.8¡5.5 seconds. There were no signif-

icant differences between GTB and GTO, both in total

episodes (P50.883) and duration of bruxism events

(P50.907). For the occurrence times, bruxism events

were observed throughout the sleep.

Efficacy of GTB and GTO after 6 and 12 weeks

of therapy

The total episodes and duration in GTB and GTO,

before, after 6 and 12 weeks of therapies are illustrated

in Fig. 5A and Fig. 5B. The differences in episode

and duration before and after in GTB had statistical

significance (episodes P50.001, duration P50.026

and 0.012 respectively). However, there were no signif-

icant differences in GTO comparing bruxism events at

Fig. 4 The images of polysomography (PSG) and the monitoring device. A: The comparison of a polysomography and the monitoring

device; the PSG demonstrates a bruxism event, which consisted of a series of EMG activities, with the amplitude reaching 20% maximum voluntary

contraction (MVC), and the duration is more than 2 seconds. In contrast, the monitoring device demonstrates a series of serrations with the amplitude of

force exceeding 20% of the maximum bite force (relative to the baseline) during intercuspal position and the duration was no less than 3 seconds. B:

Demonstration of the EMG amplitude of masseter muscle during sleep with no remarkable changes, while the monitoring device also presented the

baseline value of bite force without significant changes during sleep simultaneously.
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the baseline with 6 and 12 weeks after occlusal splint

therapy (all P.0.05).

As shown inTable 1, post 6 and 12 weeks of therapy,

the total episodes of bruxism events during 8 hours of

sleep in GTBwere (3.2¡1.2) times and (3.3¡1.4) times.

The episodes in GTO were (12.3¡6.0) times and

(11.4¡3.7) times, and there were significant differences

between GTB and GTO (all P50.000) after therapy. The

average duration of bruxism events in GTBwas (9.6¡3.2)

seconds and (8.9¡2.7) seconds, and the duration in GTO

was (15.4¡6.0) seconds and (14.0¡6.1) s. There were

no significant differences (P50.172 and P50.305)

comparing GTB with GTO. Furthermore, there were

no significant differences of episodes and duration

between 6 and 12 weeks in GTB and GTO (all

P.0.05) after biofeedback and occlusal splint therapy.

Sleep quality in GTB and GTO

Pittsburgh Sleep Quality Index (PSQI)
[31]

is a useful

instrument in measuring sleep quality. The sleep quality

of each subject was evaluated by PSQI based on the

bruxer9 s self-report. Two in GTB and one in GTO

reported some interferences with sleep, and the value

of PSQI was higher than five (5-10) according to the

survey of PSQI in this study.

Discussion

The etiology and neurological mechanism that generate

SB are not well understood. During the past decades,

researchers have focused on central factors rather than

peripheral factors (e.g., occlusal factors)
[17,32,33]

. However,

occlusal splint for management of bruxism is currently

the standard for most dentists. Though a number of

reports have been published with descriptions of the

efficacy of these reversible occlusal interventions
[34]
,

many patients show little improvement in SB after

having endured long-term occlusion adjusting therapy.

Van der Zaag et al.
[35]

observed large differences among

individuals with stabilization splints. Some of them

indeed showed a decrease in bruxism activity (19%-

29%), while others showed no change or even an increase

Fig. 5 Efficacy of GTB and GTO after 6 and 12 weeks of therapy. A: The total episodes in GTB declined dramatically from the beginning to

the end of 6 and 12 weeks after biofeedback therapy (P50.001), while there are no significant differences in GTO (6 weeks, P50.998. 12 weeks,

P50.970). B: The duration in GTB has significant difference between 6 and 12 weeks after biofeedback therapy compared to baseline (6 weeks,

P50.026, 12wks, P50.012), while similar results cannot be found in GTO (P50.999).

Table 1 Total episodes and duration of bruxism events during 8 hrs sleep before, 6 and 12 weeks after

n Before 6 weeks 12 weeks F P Before 6 weeks 12 weeks F p

Episodes (times) duration (second)

GTB 12 10.2¡2.8 3.2¡1.2 3.3 ¡1.4 14.44 0.00 17.3¡9.6 9.6¡3.2 8.9¡2.7 3.83 0.004

GTO 12 11.9¡5.7 12.3¡6.0 11.4¡3.7 14.8¡5.5 15.4¡6.0 14.0¡6.1

Tukey HSD test, within GTB, 6 weeks vs. before: episodes p50.001, duration P50.026. 12 weeks vs. before: episodes p50.001, duration p50.012.

Within GTO, 6 weeks vs. before: episodes P50.998, duration P50.999.12 weeks vs. before: episodes p50.970, duration p50.999. Between GTB and

GTO, 6 weeks: episodes P50.000, duration p50.172. 12 weeks: episodes p50.000, duration P50.305.
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(33%-48%). This suggests that the effect of occlusal

modification has contributed much more to the protec-

tion of natural teeth and less to stopping the behavioral

movement of bruxism itself
[27]
.

Due to reasons mentioned above, the use of medica-

tions (e.g., botulinum toxin, L-dopa, SSRI, and pro-

pranolol) in the management of bruxism has been

increasingly studied in recent years. Some drugs have

a paralytic effect on masticatory muscles by inhibition

of acetylcholine release at the neuromuscular junction,

e.g., botulinum toxin
[36,37]

. So far, its application in the

management of bruxism is mainly described in case

reports and in randomized clinical trials (RCT) which

have also been recently reported
[38]

. In short, it was

shown that SB did improve with frequently prescribed,

non-specific muscle relaxant medicines
[39]
; the effec-

tiveness of botulinum toxin has been reported for many

neurological disorders
[40]
. Although the maintenance of

therapeutic efficacy and the influence of these medi-

cines on bruxism have not been fully understood, its

long-term tolerability and the risk of addiction need

further attention.

An alternative measure for management of bruxism

is behavioral approaches, which has been tried for

many years. The biofeedback method uses the concept

that bruxers can unlearn their undesired behaviors

when a stimulus makes them aware of their adverse

muscle activities. This technique has been applied for

bruxism during wakefulness as well as for SB. While

awake, patients can be trained to control their jaw

muscle activities through auditory or visual feedback

from a surface EMG.

Auditory, electrical, vibratory and even taste stimuli

can be used for SB feedback
[24,25,41,42]

. The majority of

case reports regard the biofeedback method to be an

effective measure for the management of bruxism.

Among these reports, the better design was a biofeedback

device invented by Jadidi et al.
[24]
, which is based on

EMG of the temporalis without substantial sleep distur-

bance. Generally, bruxism diagnosis and biofeedback

devices are based on monitoring masticatory muscle

activity using surface electromyography. However, the

surface EMG signal is affected by many factors such

as electrode position, posture and skin resistance. In

addition, attachment of multiple electrodes to the bruxer9 s

face by a dentist or the bruxer without causing bruxer

discomfort or sleep disruption is not easy or convenient.

Several researchers have tried to measure SB activity

directly by using an intra-oral appliance. Nishigawa

et al.
[30]

measured bite force using a strain-gauge trans-

ducer incorporated into a bite-guard. This device was an

analogue pressure sensor with electrical wires connected

out of the mouth during sleep. Another patent proposed a

device which tracks the position of the jaw using an

optical sensing unit, but it required an upper and lower

splint, as the light emitter and the detector were sepa-

rated on each splint
[43]
.

Therefore, despite the number of techniques that

have been developed to detect and treat bruxism in

the clinic, a practical method is still not available for

bruxers to effectively and conveniently use. Compared

to other oral devices for monitoring and treating bruxism,

the characteristics of the biofeedback device the authors

have proposed in this study are as follows: (i) The min-

iature maxillary biofeedback splint is integrated into one

packet. As shown in Fig. 2 the splint covers from the

right canine to the left canine with the margin extending

to the lingual surface of the bilateral premolars. The

design took into consideration both the patient9 s comfort

and adequate cavities for embedding the monitoring cir-

cuit. A large splint often feels uncomfortable, compared

with a mini one. Moreover, some studies showed that a

thick splint can decrease rhythmic masticatory muscle

activity (RMMA) in bruxers. However, the effect seems

to be transitory
[23]
. To reduce the thickness of splint9 s

effects on bruxism behavior and the oromandibular

motor system, the authors designed the cavities for the

pressure sensor, circuit and button cell using a wax

model. The thickness of the contact point between the

upper and lower canine is about 0.5 mm less than an

ordinary resin splint in the intercuspal position, with

no obvious contact in the mandibular postural position;

(ii) The biofeedback system9 s operation is based on

pressure-orient, which has distinct difference from an

EMG-based device. The benefit of EMG is that it is

more objective in evaluating bruxism events. However,

there are some disadvantages to EMG as mentioned

above. The wireless feature addresses the most important

considerations, patient comfort and ease of use; (iii) The

biofeedback device incorporates monitoring with bio-

feedback function and the threshold is convenient to

modify subject to different circumstances. In many stu-

dies, the biofeedback devices relied on audio
[44]
, which

has the major disadvantage of sleep disturbance. In the

development of this device, accurate vibration time

was determined by a watch style device which is worn

on the bruxer9 s wrist. In some cases, the patients may

be conscious of bruxism behavior by feeling the vibra-

tion of the wrist without substantial waking.

There is no definite method for the management of

bruxism with evidence-based tests to date. According

to the data from subjects recruited in this study, the

GTB results suggest that the total episodes of bruxism

events had decreased dramatically, and had statistical

significance from the baseline to 6 and 12 weeks after
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biofeedback therapy during 8 hours of sleep (P5

0.001). Furthermore, the average duration had also

declined in the participants from the preliminary night

to the end of 6 and 12 weeks study period (P50.026

and 0.012). In contrast to GTO, there were no signifi-

cant differences in episodes and duration (all P.0.05).

Meanwhile, there were significant differences in epi-

sodes between GTB and GTO after treatment (all

P50.000). As the splint has the same design of struc-

ture and thickness for GTB and GTO, it is reasonable

to assume the different efficacy in GTB resulted from

the biofeedback method. However, despite having no

universal standard for grading the severity of bruxism

events at present, it is very important to narrow the

results9 interpretation. In this study, the total episodes

of bruxism events ranged from 4 to 21 times in the base-

line, indicating that the participants actually had ‘mild

bruxism’. In other words, based on the results of this

study, it is difficult to assume that the biofeedback ther-

apy can be effective for all bruxers. The results have

similar findings with some other reports, such as

Jadidi et al. and Watanabe et al.
[24,40]

, mentioned above.

The occlusal splint therapy in GTO demonstrated the

indefinite results in the management of bruxism. The

findings after 6 and 12 weeks of therapy are similar with

Van der Zaag et al.
[35]

, some of the bruxers have

improvement of bruxism events (three bruxers out of

twelve have improved their bruxism behaviors). The

mean awake time in GTB is about 3-4 times per night

without obvious disturbance of sleep, according to the

Pittsburgh Sleep Quality Index (PSQI)
[31]

survey with

the bruxers9 self-reports (two in GTB and one in GTO

have higher scores than five). This study suggests that

the efficacy of biofeedback therapy on SB is relative

to the bruxers9 self-awareness of their behavior in brux-

ism events and the relaxation self-training, especially on

the alleviation of episodes of bruxism events. Whether

the putative mechanism of biofeedback lies in GTB is

in connection with the relaxation of masticatory muscles

or has effects on the central nervous system needs

further research.

In conclusion, the mini wireless biofeedback device

has proposed an effective, novel, and convenient method

for bruxism therapy when contrasted with occlusal splint

in this study. The total episodes and average duration

were decreased remarkably after 6 and 12 wks therapy.

Awareness of clenching or grinding of teeth can alleviate

the episodes of bruxism behavior itself after several

weeks9 training and learning in mild bruxers.
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